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Uned $i States National Research Counal--Natnonal Nadany of Scrences : 
Formation of a Committee on Chemical Concro! of Agricultural 
Pests and Conservation of Amenca’s Wild-Life, 114 


Organ 
of Matanals Research and Development for National Secu 
Appomeman: of Prof Robert C. Elderftel 

stry and Chemical Technology, 647 
Apportant: neo Dr. Edward P. jun., 22 chairman of the 


of Earth Sciences, 647 
pany ep arate of pr Emil W. Haury as churman of the Drvtion of 
Appanement oi Pral St Prof ey Rosser ax churmen of the Mathematica 


Publeatoon No. 713, Digest of Literature on Dielectrics, Vol. 72, 1958 


(edited R A. Sodermann and L. F, Freco), revroew by S. Wen- 
troub, 
Annual Report for 1958-59, 749 
uclear Science Report No pad biication No. 752) ` Penes 
eres of c Particles in Siecle a asaini of an Informal 


Conference, Gatlinburg, Tennessean, 1958 (edited by A Yehling), 1006 
United States National Research Councl—National Academy of Sciences, 
(latarnational Unon of Nutrrvons!l Sciences of the), and others: 
Internationa) Congress on Nutrition, 201 
United States National Scienca Foundation: Grant of 500,000 dollars to 
the Unrversity Corporation on Atmospheric I Research to assit mm 
gabeng ge United States Nationa! Centre of Acmosphanc 


Research 
Grants for Graduate Research Laboratories, 55 
Financ! support for the construction of the Netana] Radio Astronom 
Obsecvatory at Green Bank, Wast Virgmi, and the Kitt Pak 
National Observatory, Tucson, Armona, 910 
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Unread States Office of Education (prepared by) : Technical and Vocatronal 

Education in the U.SA.—a Bibl teal Survey (Unesco, Educe 
A tional Studies and Documents No. , 741 

United States Record of Publahed Books, 116 

Unrted Scates Weather Bureau : YYorid Weather Records, 1941-50, nevrew 
by H. H. Lamb, 727 > : š 

neers eer (Prof Charles de Konmck), review by F, 1. G. 

wi 

Uhiecsene (E tush}: Graduate Schools in (Prof. W. R. Niblect), 560 

Unrvernties (New Zealand) Report of the Committee on, 107 

Lasers Counal for Adult Educanon : Report on the Year 1958-1959, 


Unrvecsities Federaton for Animal Welfare - Summer Congress, 374 
Unveniy oh. Acee Appomtment of Prof. R. N. Robertson as professor 


botany, 740 
Appointment of Dr. H, B. S. Womersiey as acting-head of the Depart- 
u maea agam AP of Dr Stanley Mandelstam to the 
niversity rm brs poortmant r Stan to 
newly estubl sd chalr of mathamancil physici, 117) 197 
Whitworth and Dr: A. B. Robbms es 


Appountment of Dr. J. R as lecturer in chembtry, |17 


Appomament of Dr F. YY. J. Teale and Dr. D. G. Walker as lecturers 
in biochem VF 


Appointment of Dr, E. H. Cresser as lecturer in microblology, 117 
Apponement of Dr. D, F. Gibbons as lecturer in physical metallurgy, 


1 
Appomtment a H. M. Hoare to a research fellowship in pure 


poinunent of Cockayne to a tp m physical 
si cs ill 117 


t » 465 
Tide of profimor of phmiclogcn! ghemmery orlare on Dr. W. V. 
Appomtment of Dr. J. D. Dowell, Dr. P. Swinbank and C. P. van Zyl 
as lecturers ee 465 

Appointment of Dr. J. M. Webber as lecturer in chemutry, 465 

Appointment of K. Fostar as lecturer in mechanical engineering, 465 
Appomtment of Dr, G. YY. Rose as lecturer m industral metallurgy, 465 
Appointment of Dr V,J.E as lecturer in mathematica! physics, 465 
Appointment of Dr. E. F. Stack-Forsyth es lecturer in electrical 


engineermg, 465 
Appoinanan: Ol he N. Moris as lecturar H: economaerics snd socal 


stacsetics, : 
e Appoinimens of Dr. T. F. Tuan to a research fellowship in mathemaucal 
Appointment of Dr. N. Pasali and B. Cockayne to research fellow- 
shi 


engmeenng production, 465 
Appointment of H. R. $ as Staff Fellow m nudear physica, 465 
Grant of. £26,000 to Prof. J. Sayers for Space Research (electron and 
mie studies of the upper atmosphere and mterplanetary 
space), 5 
Universicy of Brutol : pointment of Prof. T. K. Ewer to the newly 
established chair of animal husbandry, 465, 647 
Appointment of Dr, P. C, Caldwell aa lecturer in brochemustry within 
the Department of Zoology, 465 7 
tment of A. J. B. Cruidahank es lecturer In physical chemistry, 


Appantmest of Dr. L O, Sutherland es lecturer In organic chemetry, 
Appointment of Dr. P. H. Fowler to a research fellowship in physcs, 


University of California : Appointment of Prof George NL ws chalr- 
men of the Department of Nutrition in the College of culture, 


University of Cambridge : Appointment of Dr A. S. Parkes to the newly 
established Marshal) char of the physology of reproduction, [13 
Grant of £250 from the Gulbenkian Foundation to the expeditron to 
Brash Gulina, 558 y 
J 


Elecuoa of C. Se J Wilson to a Fellowship of Churchill Col 72 
Elecuon of RA Y.J A. O. Gilchrist, C.’B. Coctrell and A. Howe 
to Junior Research ps of Churchill College, 742 

Election of Prof. and Dr. J. D. Watson co Oversees 


EE 
la of Churchill wiv: 742 
peca Research—£] to Dr. K. G. Budden (for research 
£2,678 to . M Ryle (for the recording and the interpretation of 
tesa end er ects in the radmtions from artificm] sate- 
likes) ; and £11,230 to Dr. F. G. Smith (for the measurement of 
cosmic radio nome by recetvera mounted on rockers and satellrces), 


744 
Unversity of Canberra : intment of Prof. L. G. H. Hind 
ae Appeo t ay z2 vce- 
Unrveruty of Town : Appointment of Dr. J. M. Winterbottom as 
oo the Percy Frezpatrck inettuce of Afmcan Ornithology, 


University of Durham : Graat of £2,700-43,400 over two years f the 
Gulbenkan Foundation to the Insutute of Educauon, 558 mae 
Univararty of Edinb : Appointment of Dr. J. P. Dugutd es reader m 


ogy, 
Appomtment of Dr. C. A. Besvers as reader in chemistry, 465 
Appomtment of J. R. Small as lecturer m sccountng and business 
methods, 465 


Appointment of Dr. C. G. Thomson as lecturer in dinical chemistry, 465 


Appointment of Dr. D. J, McAuliffe es lecturer in ophthal 2 465 
. Appointment of Dr. F. M. Martm es lecturer in public and 
moca) med 465 
Appointment of Dr, P, H. Calderbank to tha chur of chemical tech- 
nology, 555 


for 
fil tema ofp of redmtions from artifical satellites); — 


of Grasan (lustus Lebeg) : Roentgen Prize awarded to J. B 


Untversity, of Leeds : Retirement of Prof. E. A. Spaul from the chur of 


zoology, 197 
Appountment_of Dr. J. M Dodd to the chair of zoology, 197 
Appointment of Dr. F. Hepburn ss lecturer m medi 465 
Grant of £5,000 from the Department of Scientific Industrial 
Research to the Department of Physics, 465 
Grant of £2,100 from the Cement and Concrete Assocmtion to the 


chemistry, 743 
tment of Dr. H. L. Kornberg to the new chur of biochemistry, 


of P.S Cahen zs lecturer in somology, 743 

Appomtment of D. J 

Appointment of à 

Grant of £13,006 to Prof. E. À. Stewardson for Space 
investugations of solar and stellar soft X-Ray emrmuons), 744 


sath, 
i a of A.C. Shuttleworth as reader in veterinary surgery, 
I 
Appointment of Dr. C, L. Serth as reader in zoology, Í 17 
Appointment of Dr. A. $. Aldred to a senior becturarship In electric 
power engineeri 117 
ntmant of De-A. Bolton to a sanior lecturership in civil engineer- 
Ing, 117 
Appointioent of Dr. H. W, Douglas and Dr. T B, Grimler to senior 


Jecturarships In inorganie and phyakal i 
Appoinement of Dr Y. H. Heywood to a senior lacturership in botany, 


Appointment of Dr. J. F. Norbury to a senlior lecturership In fluid 
mechantcs, [17 

Appontmant ene Rochards to a seoor hectitrership In phrysso~ 

Appointment of Dr. |. C. Geddes to a sealor lecturarship In anaes- 


Anpoinemant af Dr. 1 S. Senet to a senlor lecturershlp in obstetrics and 


: Appointment of Dr. P. G, Seffman as reader in 
sr Kingps liage, 117 


or Serre ind Technology, IIT shai 
Appointment as reader in peychsatry at nstrtute 
of Psychiatry, 117 


Trtle of professor of physics in the Unrveralty (at Unversity College) 
conferred on Dr. E. H. $ Burhop, 201 
Grant of £3,800 from the Leverhulme Trust Pund to Queen Elizabeth 
to enable 2 sociological research programme to be started In 
the Department of Nutrition, 201 
Appointment of Dr. Paul Morpurgo as Leverhulme Research Fellow in 
the of nutrrtion at Queen Elrmabeth College, 201 
A Wellcome Fellowship awarded to Dr. ange E. R. Tayior 
tojenable her co indarka Termien on Sho Ic requirement 
munthes, us loectrve tracers, 10 Department 
at Queen Elizabeth College, 201 
Grant of £36,000 from the London Research Foundation to Queen Elrem- 
beth College, to further the research work of the Department af 
Durmon , with speca! reference to its work on fertility control, 
Retirement of Prof W. Robson from the Universrty chair of blochem- 
ntry at King’s Col 286 
Appantmeat of Dr. H. to the Unrversrty chalr of blochemlstry at 


ping a Collega, 298 
Wi College -New e-paper 361 
Appointment: Prof E, H. Bellamy to the char of physics at Westfield 
ece, 


nement of Prof: W. Kyns, sa cha; chain ot chemistry < Wertiad 
ega, 
Ap nement l Prof: G.: Ex Fogg: co the crair of botany: at Vesali 


ege, 
Ap een e ot Prot 3. E. Pvebb se:thiechalr at sosiogy at. Wescield 


Appointment of Prof. E. B. Sondheomer to the chur of mathematics 
at Westfield College, 363 

Foundathon Oration at Goldsmiths’ College, The Diffusion of Know- 
ledge (Dr. Michael! Grant), 371 

Appointment of A F. Hudey as Jodrell professor of physiology at 
UntWernty College, 371 

Seminar at Un College on Colloid and Polymer Science, 378 

Appointment of Sir Wilis Jackson to che chur of electrical engineering 
at the [rperni! Col of Science and T: 463 

Appointment of Dr. C. B. B. Downman to the Sophie Jex-Biaka chair of 


physiology at the Free School of Medicine, 466 
Appointment of Dr. |. mch to the chalr of morbed anatomy at the 
London Hesprtal Medical School, 466 


Appointment of Dr. J. Hamulton to the second chur of physics at Une 
varsity college, 166. 555 
atment J. Buller co the readership in physiology at King’s 


466 
Appointment of J. C. de Courcy Henderson to the readership In rein- 
forced concrete seructures ti the Imperal: Collage of Sainct and 
Title of mor of brysics in the Unrvera at the impera! College 
of Scance and Technology conferred ai av Elliot, 466 
Title of professor of organic tad ia tha Uriryermty (ar Qusan Miry 
Collage) conferred on Dr. YY. J. Hrdunbottom, 
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een oer nha UAN conferred on Prof, T, J. Univeraley of Southam Centnbutlon of £5,000 from the Ford Motor 
Bosworth pathology), Prof. $, Pearson (stutwtics), „Ltd, to tha 1942 Centenary Appeal und, 290 
Prof, hy S. Ruseall (morbid anatomy), Prof. W. Smrth (becterto- Be yt tae history conferred on A T. 
logy), and Prof E, E Turner (dhemit) J, 466 Tithe of reader in mathematics a conferred on DE W H Cockeroft, 290 
Appointrmant of Prof E. T, C. PA emeu) of the London Schoo! of Apporntment of H. C. Tottenham to the readership in structural 
Hygiene and Tropical Medicine, 466 engineering, 290 
pa of a. from the Gulbenksan Foundetion to the Wye College Appointment of H, $, Allen as lecturer in avil engineering, 290 
"s expedition to Morgeco, 558 Appointment of C, H, B. Mee as assistant lecturer in physics, 290 
Appanna of De chard Creese to the readership in physiology at Contribution of £17,500 to the Centenary Ap nd from the 
t Mary’ Hospital Medical School, 743 Westland Aircraft, Ltd , for a ceadership in optar engin#ering, 
Appointment of Dr. L . Jackman to the University readership in 743 
Ie raion College of Scrence and Technology, Grant of £2,150 per annum (for three years in the first place) from 


Union Carbide, Ltd., vide fo Teseaarch. ts lows 
Grants to the ena ta he imperial College College of Scienca and Technology for Space raich studencahié i che Deparment of ene oman? eae 
Dr. H E Elot (for satellite measurements of vette of lh gl New Chem oe, in nthe LR. W. 


oe primary coamlc-ray energy spectron), and fone to Dr. H. E 
iot an mvestigation into cosmic tensity vanations at ‘of D Sc., honoris causa, conferred on Sir Robert Robinson, 108! 
rodit ajttudes) ; and H to Dr SHH Hall fier Fh netic sarea of wales. : Appointment of Dr. $, P Hutton as n 
meesurements in tha Earth's upper a Mecanica] engineering in the Unrrermty Coll 
Cataich 28.000" (or che’ develorme Collie London, for Spaca da 17 aen Fy Collega of South: Walas, 
opment and use of photoelectric PEPEES G. Evans a3 lecturer in pure mathematics at Unver- 
satellite tracking Sauipmnene and £35,450 (for rocket research in sty College, Swansat, H7 i 
the upper atmosphere of (1) sLveeE hen temperature, density and Apponement of Dr H. T. Miles as lecturer tn physics at Unrverary 
winds, (2) ionospheric temperatures, density and composition, (3) lega, Swansea, iy 
short-wavelength solar radiation, and (4) stellar ular nole light), Appointment of Dr. J. A. Schofield as lecturer in organic chamæetry at 
T4 University College, Swansea, [17 
Appolntmant of G. vin to the alec on char of bacterology st Appointment of Dr $ K, Zaremba as senior lecturer in pure mathe- 
Untversity Coll ttal Medical matics at Uni College, Swansea, [17 
Appointment of E. J. Ambrose to the Pea fead acship iin ip in phys Appointment of Dr. D. R Davies to the newly created chair of applred 
chamurtry at the Institute of Can cer Research, Royal paal mathematics in the University Coll Wales, Bangor, 197 
Grant of £16,530 to Prof W. J ey eg University lege of 
Appolncmanc of Dr. F. A. Holton to the Unrvernity readership tn veter- Wales, Aberystwyth, for Space Research (measurenient of electron 
at the Roya! Vetennary ree 904 density height profiles with rockets using ee Doppler method and 
Title je Gf rader in ey (at the Institute of Cancer Research, Royal the pulsa method), 744 
Cancer Hospital) conferred on G M Timm, 904 Unrveraity {rural : India’ s First, 556 
Title of reader in mechanical ns {at Queen Mary College) con- Univeru lage, Lon a : Trela of professor of physics in the Unrvennty 
ferred on Dr. C. R. Webb of ndon conferred on Dr. E. H.S Burhop, I 
Untverstty of London Institute of Psychiatry: Appointment of Dr, M. Appointment of A. F. Huodeyess Jodrell prolassar of physiology: 371 
Shapherd as reader in peychratry, 117 Seminar on Colloid and er Scrence, 378 
Unrversrty of Manchester : Summer School in Modern Methods of Crystal Anpontmant of Dr.]l. Hamilton to the second chur of physres, 466, 
Structure Determination, on behalf of che Department of Physics of 
the Manchester College of Science and Technology, 20! Grants to Dr R L. F. for Space Research—¢B,880 (for the 
Course of lectures at the Manchester College of Scence and Technology « development and use of photoelectric satellite tracking equipment, 
on Probleme of Radwectivity at Water and Sewage Works, 743 and £35,450 (for rocket research in the upper atmosphere’ of (1) 
Grants for Spaca Research——£15,277 to Dr.R C Jennaon micro- raters leg temperature, density and winda, (2) roncapheric tem- 
Meteor te es aso from an Earth stellte), £15, to Dr. and composition, fobs hort-wavetength solar 
R. C Jennaon (for low-frequency radio astronomy from an Earth Pintan, aen TA stallar ultra-violet light), 744 
satellita), and to Prof, A C. B. Loval! (for the tracking of University College of North Wales, Bangor Appointment of Dr D. R- 
satellites and space nrabas); 744 Davies to created chair applred mathematics, (97 
University of Melbourne : Honorary degree of Doctor of Laws conferred on = Unrversity ey of South Wales and Mon mouthihire, Cardiff: Appoint 
Sir Alexander Todd, 108! ment of S, P. Hutton as professor of mechanical engineering, 
Untvecsity of Notungham - Proceedings of the Sixth Exster Schoo! In 117, 555 
Arriculura Saence, 1959 (The Measurement of Grassland Product- -_ Unrveraity College, Swansea : Appointment of! G Evans as lecturer in pura 
rity), (edited by Prof. J. D. Ivins), review by Dr. G. YY. Cooke, 544 mathematics, 117 
Election of Prot. A. G, Smith as first holder of the Hives chair of thermo- Appointment of Dr H T, Miles as lecturer in physics, 117 
dynamics, 743 Appointment of Dr. J, A. Schofteld as lecturer in organic chemmtry, [17 
Proceedings of the Frith Easter School In micultural Scence, 1958 Appointment of Dr. $ K Zaremba as senior lecturer in pure 
pasties of the Legumes), (adičed by f E G. Halsworth), matics, 117 : 
erien Dy Fro Valtor St Stites, 815 University College of Wales, Aberystwy Grant of “£16,530 to Prof. 
Unevarty of tabarstory, 25 W J. G Beynon for Space Research (measurement of electron 
Laboratory of the Department of Metallurgy, i density /height profiles with rockets usmg the Doppler method and 


Nelere mimant of D. F W. Baden-Powell as lecturer in prehistoric tha pulwe method), 744 


117 University College of the West Indies : Impertal College of Tropical Agn- 

Appointment of Dr M. J, Kearsley as lecturer in mathematics, | 17 culture to be merged into the, 374 
Appointment of Dr. H. R. Harré ag lecturer in the philosophy of Unrversity College Hospital Medical School : Appointment of G, Belyavin 

salen 17 to the Univermty of London char of bacteriology, 904 
Non-restdentral Summer School on Numencal Analysis, 374 akan Corporation on Atmosphenc Research. Grant of 500,000 
Grant of £250 from the Gulbeniuan Foundation towards the expedition dollars from the United Scares Natrona! Science Foundation, to assist 

to the Peruvian Andes, 558 in establishing the United States Nationa! Centre of Atmosphenc 
Grant of £140 from the Gulbenkzn Foundation to the Oxford Women’s Research, 200 

expedition co the Arores, 558 Unrverauty Education : The Placa of Physiology in (Prof. J. A.B Gray), 719 
‘Grant Si Eo i from the Guibenklan Foundation to the expedition to panay Education tn Britain, 719 

Cyren Untverarty Education in New Zealand (Prof. W. J. Chapman), 107 
Grant of EI o from the Gulbenkian Foundamen to the Institute of Univers Students (South Afrxan) . Daly Food Consumption by (Sonam 

UCALION, alker), 381 

Grant of £4,560 to Dr. J T Houghton for Space Research (for the Unproduca in the Colchicaineinduced Tecraploida of Annona squamosa . 

development of photoconductrve materal for satellite measurements . Ahmad Shamsul lalam), 

of infra-red redmuon), 744 Upper Aone Wind ; Effect of, on the Rotation of Satellite 195881 
Appointment of Dr. Graham Higmen to the Waynfiete chur of pure (Dr C R Faulkner), 926 ° 

mathematics, 830 Uppec-Atmosphere Wind ae by Skylark Rocket Sod Experiment 

Unvarny of Paha : Appointment of Dr. N E. Odell to the char of (Dr G Y Groves), J 
ecology, 905 Upaka oi Heparin ty Calle (De. k Csaba and Dr Exxter Kapa), 71! 
arene of Pretsburgh : Appointment of Dr. Theodore Holstein as pro- Uptake of Thymidine and thess of bonuclerc Acd in Mouse 
fesor of physics, 905 Ascites Cells (Dr A. R. Crathorn and K. Y. Shooter), es 


Appointment of Dr. Robert L. Wolke as aseocate professor of chem- Uranium piata Periodic Table . Positions of Thorium and (Dr. A, E. 


istry, 905 - 
Appointment of Dr. David $. Felngold as assistant professor of bacterio- Wixitune la Plutonium, Neptunium : Crystal Chemistry of Simple 


logy, 905 Compounds of (E, $ Makarov), trensletad Ir from the Russan by E. B. 
Appointment of Dr. Robert Silverman as assistant professor of mathe- oe renew Dr. LL E J Roberts, 728 
U my of Read Report for 1959 of the M of Englah Rural g Celine “Acad Natural Seanem, 1079 cpus 
nrversrty ing: e Museum Ru pokdina emy ol cence, 
Life, 26 Urbański, Prof, T., and others Antineoplastic Activity of Tetrahydro- 
Report of the National Institute for Research in Dairying (1959), 909 | ,3-oxazne Derivatives, 6 
Unrvernty of St. Andrews = Appointment of Dr J. A. Macdonald as pro- Uree—Ammeonium Bromide: Mimetic Twinning In (C. G. C. Cateby), 765 
fessor of botany, 1075 Uree—tthium promise polucion : Vecosity of Concentrated (Dr. Irving 
Univeruty nao Sheffield . Speca! Report No. 64, Preciprtaton Processes in $. Geschwind), 32- 
Steeis—Report of a conten: ued by rha Deparcment of  Ureex, Prof. Robert B. Gs erfalder, Dr Devid, end): Dye-senstaed Photo- 
Metallurgy, 1958, revrew by Pror Thompeon, 9 reactivation of X-Ray Damage in Diploid Yeast, 933 
Appointment of R. K. Keis] a anh a air oi radonal Urey, Prof H. C. : Origin of Tektites, 855 
studias, 463 Un, Dr N.” Some of Autmadetbn, 746 
Appointment of F. YY. G. Warren as lecturer in applied mathematics, Ph al, cal and plied Aspects of Autmadanon 


1 Initvetion Phase in the Aerobic dation of Linoleic Acid and its 
Appouitment of Dr. D N Jones and Dr. R. N, Doxon as lecturers in 746 


chemistry, 466 Uric Aad (Blood), in frye Species of Birds Varability in Levels of (Jack 
Appointmanc of Dr. J. M, West ss lecturer in metallurgy, 466 W Hudson and R. Taylor), 788 
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INTERACTIONS OF SCIENCE AND TECHNOLOGY WITH SOCIETY 


fal a nek aking r a n TE 
printed in The Listener of March 24, Dr. Alex. 
Comfort discussed some of the factors which limit the 
` applications of existing scientific knowledge, which 
determine, for example, whether or not at the end of 
this decade there will be no untreated oases of leprosy, 
yaws or malaria in the Commonwealth. The realiza- 
tion of such comparatively modest objectives, which 
are scientific possibilities and present no unusual 
difficulties, does not depend on fresh theoretical 
knowledge, lack of physical resources, or practical 
difficulties in the fleld. It depends rather on whether 
our vast technical resources are allocated to achieve 
such purposes by those in power, whether in demo- 
cratic or in totalitarian society. Thus, from a oom- 
pletely different starting fomt, Dr. Comfort makes 
essentially the same point that was made by Bir Bolly 
Zuckerman. in his addreas last year on “Liberty in 


an Age of Science”, and by Sir Eric Ashby in his’ 


oration at the Conference of European University 
Rectors and Vice-Chanoellors. 

Two other recent lectures develop very similar 
ideas. Mr. E. Le Q. Herbert, in his presidential 
address, “Chemistry, Industry and Society’, to the 
Royal Institute of Chemistry on April 6, illustrated 
—the way, in which society, science and technology 
interact to-day, and the limits which are set to what 
is technologically or socially possible. Sir Hugh 
Beaver, in the mxth Graham Clark Lecture to the 
Institutions of Civil Engineers, of Mechanical Engin- 
oers and of Electrical Engineers on March 3, aasayed 
an even larger canvas. Under his title, “Engineering 
and Civilization”, he reviewed the earlier five lectures 
as chapters in an attempt to discern the meaning of 
civilization and, putting these lectures into the per- 
spective of the wide field of engineering thought, 
. endeavour and achievement, he attempted to en- 
visage the duty of the engineer in the new world that 
is so rapidly developing before us. Despite the 
different starting pointa and lines of approach, Mr. 
Herbert’s and Sir Hugh Beaver’s lectures have a 
good deal in common, and it is noteworthy that, 
like Dr. Comfort, they lay considerable streas on the 
importance of due attention to the problems of the 
under-developed territories, though incidentally Sir 
Hugh does not accept the view that the gap between 
the ‘haves’ and the ‘have note’ is 

Sir Hugh Beaver starte with this fact that the 
population of the world is advancing at what by any 
calculation is a staggering rate: at the present rate 
of increase it will be 4,000 million in some 20-25 
years time and 5,500 million by the end of the 
century. While the so-called under-developed coun- 
tries are ceaselessly claiming the attention, service 
and money of the nations of Europe and North 
America, et the same time they are adamantly 


agmerting their own authority and independence, 
The speed of advance which all these emerging 
countries envisage would more than tax all world 
resources, however mobilized, and ther hopes are not 
in any way to be achieved by all the avaiable money, 
however well used. Besides this, he pointed out, 
science and technology have brought us to the very 
edge of potential world destruction, and souentifle 
research has brought us perhaps just to the threahold 
of the secret of the creation of living organisms. 

The Western world is thus at @ critical point in ite 
history, and it is the basis of Sir Hugh’s argument 
that engineers have a special responsibility because 
they have built this modern world of convenience 
and comfort, and all through the ages have not only 
been improving life but have also produced all the 
means and machines of destruction. In the first of 
the Graham Clark Lectures, Sir Harold Hartley 
reviewed the engmeer’s contribution to the oon- 
servation of natural resources; and without going 
into the picture Sir Harold Hartley displayed, Sir 
Hugh Beaver expresses the opinion that it is both 
incorrect and dangerously misleading to think that 
the bams ‘of developed engineering is shortage of 
man-power. On the contrary, to-day we are proving 
that man-power » the besis of engineering, and 
Sir Hugh fears that we in Britain may eventually 
find ourselves out-distanced by our competitors 
simply because of their greater sources of man- 
power. 

Sir Maurice Bowra, in the second lecture, dealing 
with the impact of engineering on society, suggested 
that without engineering civilization is impossible, 
and that China and Greece and Rome in turn lost 
their leadership in the world of their days because 
they treated engineering as of secondary importance. 
Sir Ewart Smith, in the fourth lecture, on “The 
Engineer and Management”, claimed that the 
advance of science and its practical application 
through engineering and chemical technology had 
shown that mankind had the potential ability to 
achieve any standard of material wall-being that 
may be desired; and whereas Sir Maurice Bowra 
had suggested that the engineers had gone wrong by 


‘assuming that improving the human lot just meant 
the greater exploitation of natural resources for the 


benefit of humanity, Sir Ewart Smith, more positively, 
but in the context of management, had added that 
our own civilization could continue succesefully only 
if it achieved a balanced combination of the human- 
ities and technology, based on both science and art. 
Though this criticiam or suggestion is continually 
being made now, Sir Hugh Beaver pointed out that 
it was not always made: in the age of Leonardo de 
Vinci, the Elizabethan age or when the Royal Society 
was founded, this distinction between culture and 
art and science and engineering did not exist, and 
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the, fathers of engineering as we know rt in Britain 
were drawn from very varied origins to the adventure 
of practical and creative engineering. 

Recalling Bacon’s use of the Sphimx’s riddle in the 
series of mythological fables what he called the 
“Wisdom of the Ancients’, Sm Hugh suggested that 
there are two kinds of riddles, one kind relating to the 
nature of things and the other relating to the nature 
of man, and that this perplexing, harassing problem 
may really be all or part of the explanation of the 
failure of some to ish between their duty to 
their country and their duty to mankind. Unless we 
can solve these problems arising in the impact of 
science on mankind, we must face the extinction of 
Civilization and perhaps of mankind, and that is the 
problem particularly of scientiste, technologists and 
engineers. What faces us here particularly is not 
what are the proper proportions of our man-power 
to be directed or attracted to this discipline or that, 
but how we are beat to educate this and future 
generations in which inevitably the preponderance 
of educated output must be soientiflo and engineer- 
ing. 

This was the eesential theme of Sr Ifor Hvans’s 
third Graham Olark Lecture, ‘The Place of Engin. 
eering m University Education”; but Sir Hugh 
ranged far outside that lecture ın his survey of the 
way in which a balanced combination of the human- 
ities with technology is to be achieved, referring 
particularly to Sir Eric Ashby’s views as expressed 
in “Technology and the Academics’, to that expressed 
by Huxley in 1867-68 in evidence to the Parlia- 
mentary Select Committee on Scientific Instruction, 
and to Sir Patrick Linstead’s Hinchley Memorial 
Lecture in 1957. But it is not enough, Sir Hugh 
Beaver urged, for educationists to'be giving thought 
to this problem of producing adequate citizens for 
the new world, who ‘can deal with the problems of a 
scientific age, whether they approach them from the 
side of arta and the- humanities or from the side of 
science and engineering. It is a matter for thought 
by engineers themselves, particularily as to how to 
produce the scientist and engineer as fully educated 
citizens of their country and of the world. 

There is another aspect to be considered. Sir 
Maurice Bowrs pointed out that no engineering had 
ever been revolutionary in the political sense, and 
engineering is not & political activity., Nevertheless, 
no one has the right to disclaim or ‘opt out’ of 
politios, least of all the engineer. Sir Hugh Beaver 
urged strongly that the great professional institutions 
should give continuous, and not just occasional, 
thought to these educational and political issues ; 
that they should consider how far they could, in part 
at least, rectify omissions in the post-university life, 
and regard themselves not solely as platforms for 
technical discussion but also as providing the means 
of studying how engineers of the future could make 
a greater contribution to civilization. 

Mr. Le Q. Herbert's address, particularly when he 
discusses the relations between the refinery and the 
community, shows how fully some responsible pro- 
fessional men recognize such responsibilities. When 
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the graduate chemist or engineer carries Western 
culture into less-déveloped countries, said Mr. 
Herbert, urgent and ethical problems may arise, and 
we cannot leave them, with their wide implications, 
to solve themselves. He suggested that a great 
responsibility lay upon the scientist, the technologist 
and any other professional man when it came to 
considering how Western technologies could best 
sæist the emergent or resurgent countries in achieving 
their national aims, and here above all the relation of - 
professional ethios to industry and society mmeh pe 
acknowledged and used for 

While Mr. Herbert clearly recognized that T 
professional societies have their part to play, he was 
also convinced that industry iteelf had ita own 
responsibility for taking over the broadening process 
where the universities left off, and, by selecting, 
planning and helping the young scientist or tech- 
nologist in his career, to develop this vital rela- 
tion between industry and society. Professional 
institutions, the universities and industry have all 
their pert to play in producing the type of man 
required ; but rt is as clear from these latest addresses 
as from that of Sir Solly Zuckerman that it is 


‘increasingly true that limite’ are set in other falds to 


what science or technology can do. Political strategy 
—and even the purpose behind the strategy—may 
be determined by decisions taken in quite unrelated 
fields, by the way in which the discovery of new ways ® 
of doing things transforms the things being done. As 
Bir Solly remarked, the element of the unknown in 
government increases with every step we are now 
taking to apply the fruits of science ; the controversy 
that hag recently arisen over the Government's policy 
with regard to the Blue Streak miamle aptly illus- 
trates.the point. The urgency of this matter of a 
broad education can scarcely be over-stresesed ; it is 
important from the point of view of ensuring a 
stream of scientists and technologists and engineers, - 
of ‘administrators and statesmen alive to the human 
as well as to the technical issues involved in major 
political decisions, and equally important for securing 
public understanding and publio acceptability of 
wise decisions made with full realization of the way 
they determine the future. It is to be hoped that the 
Minister for Science as well as-professional associa- 
tions of scientists and technologists wilt givp due heed 
to Sir Hugh Beaver’s appeal. 
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MAN-MADE FIBRES 


Man-Made Textile Encyclopedia 

Edited by J. J. Press. Pp. xxx+913. (New York: 
Textile Book Publishers, Ino. ; London: Interscience 
Publishers, Ltd., 1959.) 200s. 


ITH the possible exception of synthetic dyes, 
man-made fibres have been the most signifloant 
contribution of the scientist to the textile i 
These materials have greatly increased the scope of 
textile designers, and the public has been given a 
wider selection of interesting and attractive fabrice 
and garments often at low prices. Every industry 
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has benefited from the introduction of the new fibres useful list of trade names of almost every man-made 
for they have enabled basic operations such as trans- fibre in production is also given. 
portation and purification to be carried out more The discussion of such a wide range of topics neces- 
effectively and niore conveniently. ‘The textile sitates a general treatment of each, but in spite of 
industry itself has also gained much, for the advent this a surprising} large amount of valuable material 
of the new materials has stimulated research and has been included. Fhe presentation is excellent, and 
development in all branches of textile science and a remarkable uniformity has been achieved through- 
technology, not leest in the manipulation of natural out. The book is a valuable addition to the literature 
fibres. The offspring of the chemical and engineering of textiles, not only because of its wide coverage but 
industries, the man-made fibre industry is forward- also because of the many unusual topics which are 
looking and progressive, taking full advantage of the considered. Few will open this book without finding 
latest scientific and management techniques. Large something to interest them. To prepare such a work 
sums of money are devoted to long-term research and to maintain a consistently high level throughout 
which has already resulted in the appearance of is in iteelf a great achievement, and it is- perhaps 
many new fibres-and new methods of fibre production churlish to suggest omissions, as no doubt the 
and processing. Even though the man-made fibre editor had to make firm decisions to cut out much 
industry is comparatively young, a great mass of which he would have liked to include. He could, 
information covering all aspects of fibre production however, with advantage have introduced more 
and, manipulation has been published. Much of it, references to original papers and specialized review 
particularly that dealing with the Sagres pad of man- articles. These would have added considerably to the 
made fibres, is not readily accessible, and the publica- usefulness of the volume. ©. 8. WEHEWELL 
tion of an encyclopedia such as the one under review Ste We 
is therefore welcome. The editor has been fortunate 
ee ee a a a : 
expert in his own field. © various sections of the 
book are therefore authoritative and informa- COLORIMETRIC ANALYSIS 
tive. Colorimetric Determination of Traces of Metals 
The work is divided into twenty-two chapters and* By Prof. E. B. Sandell. Third edition, revised and 
covers all aspects of man-made textiles, from the enlarged. (Chemical Analysis: a Series of Mono- 
chemistry of the raw materials from which the fibres graphs on Analytical Chemistry and Ita Applications, 
are made to methods for marketing the finished Vol. 8.) Pp. xxii+1082. (New York: Interscience 
laces and manufacturing them imto garmente. Publishers, Inc.; London: Interscience Publishers, 
uch a work could have been a rather uninteresting Ltd., 1959.) 188s. 
Oo Ee of equipment, machine soting and A Handbook of Colorimetric Chemical Analytica! 
great deal of information is given (often in the form Methods . : 
of well-constructed tables) the work is essentially a Fifth edition. Pp. 360. (Salisbury : The Tintometer, 
collection of readable essays welded together by care- Ltd., 1959.) 30s. net. 
ful arrangement into a complete whole. While the Te chemical anelysis of traces of substances is 
book will undoubtedly be used mainly. as"a reference now of great importance in areas as diverse as 
book: on general textile principles and practice, it is applied nuclear physios, soil science and medical 
also valuable in revealing ourrent trends.’..The chemistry. Oolorirnetric procedures are generally 
opening chapters deal with the E E acd preferred, for these determinations of trace elementa. 
perties of the materials from which man-made- > Alih other, and often better, techniques are 
are made. Very appropriately this sectiori is edited available, the expensive equipment required pute them 
by Dr. Herman F. Mark, to whom the encyclopedia outside the scope of all but highly.specialixed labora- 
is dedicated. Accounts of fibre-manufacturing pro- tories. 
cesses follow and include & short article on the pro- Prof. Sandell’s book now achieves its third edition, 
duction of superfine (< lu in diameter) thermoplastic which is about half as big again as the previous 
- fibres. The properties of man-made fibres and edition despite the removal of a good deal of the 
methods of fibre identification are then discussed in original material. The appearance of this volume is a 
some detail. The technology and principles of oon- tribute not only to the increased application of colori- 
verting fibres into yarns and finished cloth are dealt metric methods but also to the variety of new 
with in a general way, interesting sections being in- reagents and procedures which ve been proposed 
cluded on significant modern topics such as tow and in recent years. Prof. Sandell has not attempted to 
high-bulk staple processing, non-woven textiles, and oompete with the encyolopwdic work of Snell and 
tufted matérials. Cloth production and weaving are -‘Snell. He has restricted himself to metals, and has 
presented in relation to specific end-uses; fòr chosen only a few procedures for the determination 
example, industrial and military fabrics, apparel of each metal; his broad experience of chemical 
fabrics, and household fabrics (floor coverings and analysis and his common-sense approach ensure that 
upholstery fabrics). Some sixty pages are devoted toa the selection comprises the most useful and widely 
most important discussion entitled ‘Textile Enginee- applicable procedures. 
ing Principles”’, which illustrates the modern scientific, The text is divided into two parte: general aspects 
approach to the building of textile fabries- In the of imorganio colorimetric trace analysis, and pro- 
sections on the dyeing, printing and finishing of cedures for the determination of traces of metals. 
fabrics, methods of handling most of the important Part 1 contains penetrating discussions on 
man-made fibres are indicated, and the work is com- race analysis, on the separation and isolation of 
pleted by accounts of topics such as knitted fabrics, traces, on the application of colorimetry and spectro- 
garment manufacture, cleaning, commercial photometry to ir determination, and on oolori- 
laundry practice, modern washing methods, metrio reagents. Oolorimetry is regarded in its 
performance standards, statistics and marketing. A widest sense, fluorimetry, nephelometry and turbidi- 
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metry being included. In Part 2, which makes up 
two-thirds of the text, each metal is discussed under 
the headings of separation, methods of determination 
and, where the information is available, applications. 

The sad fact that the development of new reagents 
has far outdistanced knowledge 8f their applications 
is repeatedly emphasized. Too often, new reagente 
are proposed without any reference to their behaviour 
in the presence of likely interfering elementa and 
without reference to any advantage which the new 
procedure may have over earlier methods. The 
examination of the new reagents seams to be under- 


taken as an academic exercise and ently an 
incomplete one at that. However, Prof. has 
picked his way with sure stepe the wide 


variety of methods available. Although the book is 
large, the subject has been treated with souity, 
brevity and clarity, which are the more admirable 
when the multitudinous original sources are oon- 
sidered. ‘The text is indispensable to all who are 
interested in colorimetry or trace analysis. 

Little need be said concerning the second book, 
which contains the methods recommended by Tinto- 
meter Lid. for use with their Lovibond range of 
apparatus. Contained im a loose-leaf binder, the 
sections deal with the ap elie enc D acter 
inorganio and organic chemical analysis, chemical 
pathological analysis, noxious and mis- 
cellaneous methods. Any additions will be supplied 
free of charge for the next two years. ‘The fifth 
editian has been enlarged and almost completely 
revised. 

This collection of methods should prove useful in 
routine laboratories, for the procedures have been 
thoroughly checked, by many workers and there 


should be no doubt of their reliability. The claims 


made for the convenience of the binding method 
would have been more mmpressive had the folder not 


come apart on preliminary handling. 
A. M. G. Maopowarp 


ANNUAL REVIEWS ON 
INORGANIC CHEMISTRY 


Progress In Inorganic Chemistry 
Vol. 1. Edited by F. Albert Cotton. 
(New York: Interscience Publishers, Inc. ; London : 
Interscience Publishers, Ltd., 1959.) 108s. 


HIS book consists of seven review articles con- 
sidered to be of interest to inorganic chemista. 
This new series, appearing so soon after the first 
vohmme of “Advances in Inorganic and Radio- 
chemistry’ edited by Emédleus and , must 
raise the question of their desirability, although it 
would appear that ‘Progress in Inorganic Chemistry” 
was first in conception. There is only one paper 
which is not in English, so that we may consider 
that the alternative places for publication of such 
articles would be Chemical Reviews or Quarterly 
Reviews, each catering for a rather different approach 
from the other. The excellent article by Roland 
Ward on mixed metal oxides, which is particularly 
notable for the clarity of ite di » feams to 
exemplify the type of paper for which ‘Progress in 
Inorganic istry” was created. It would not fit 
oasily into either of the existing journals for reviews. 
However, thi8 1s not altogether true of the other 
papers m this volume. Becke-Goehring writes on 


Pp. x +566. í 
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nitrogen-sulphur compounds although there is a 
amilar review on tetranitrogen tetrasulphur in 
Quarterly Reviews. “Interstitial Compounds- of 
Graphite” by nasa th which is more comprehensive 


than the. corresponding article in “Advances in 
Inorganic and. coe ere account 
of a subject in which Irttle is di ly Too 


much inconclusive work is included. Again, ‘“Metal- 
Ammonia Solutions” has recently appeared in 
Quarterly Reviews although the present review is more 


comprehensive. 
The Chemical Reviows of artiole is exemplified 
by that of Wilkinson and n, who give an, eT 


tionally good account of the rapidly expanding fiel 
of cyclopentedienyl and arene a 
The only oriticiams that can be made of this articole 
are that the crystallographic nomenclature (on p. 20) 
is very inaccurate and that certain workers come 
in for excessive oriticimn. A somewhat similar 
paper by Malatesta on “Isocyanide Complexes of 
etals’’ shows clearly the need for more structural 
work in a fleld in which problems abound. The 
crystallographio data cited in some cases are not the 
moet recent, and the chemioal nomenclature leaves 
much to be desired. 

Tie Fh cee oes Bp A 
the effect of inner orbital splitting on the thermo- 
“dynamic properties of transition metal compounds 
and co-ordination complexes. Reviews on this topic 
are usually either too elementary or go to the other 
extreme and assume at some that the reader is 
familiar with the work of Oondon and Shortley. This 
comprehensive article, which includes a great deal of? 
new material, goes some way towards the intermediate 


stage. 

Altogether the reviews are satisfying, but with the 
tremendous socumulstion of papers to be read through 
in a year any Dew source must prove its worth. The 
main task here lies with the editor in a skilful choice, 
preferably of topics which cannot surtably be treated 
in other places, or where a review is necessary to 
stimulate interest and bring in new research workers. 

There are few misprints and errors, and the text is 
well produced. I. R. Baarrre 


RELATIVITY 


Theory of Relativity , 
By W. Pauli. Translated from the German by G. 
Field. Pp. xiv+241. (London and New York: 
Pergamon Prees, 1958.) 38s. net. 


The Theo yor Space, Time and Gravitation 

By V. F Translated from the Rusian by N. 
Kemmer. Pp. xviii+41l. (London and New 
York: Pergamon Preas, 1958.) 100s. net. 


HE distressing about relativity is that 

the part of it which deals with gravitation— 
the general theory—is so isolated fram the rest of 
physics. This is understandable, sinoe gravitational 
forces are unimportant in atomic and nuclear physica, 
and non-Newtonian effects in astronomical systems 
are extremely small. Moreover, Einstein’s idea of 
geometrizing gravitation has not yet been successfully 
extended to other fields of force. For these reasons, 
the general theory, for all ita beauty and fundi 
has until recently been rather neglected as a subj 
for research. This situation changed about five: 
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: ; Boa anha as 
Sere Gf inieceat tn relativity. This interest is 


based mainly on the hope that, despite its quantitative 


Hab thers the rectiblanos code: For Pauli’s book 
was written when he was a student of twenty-one, 
barely five years after the publication in 1916 of 

on general relativity, 


Einstem's definitive 
while Fook’s is the pratt a mature mind reflecting 
on & forty-year old theory. Yet Pauli’s book reads 


cance and ita implibations. are not yet 
This contrast makes Paùli ’a book a simpler intro- 
duction to the- subject, but od: leas 
stimulating to the research worker. It is better 
documented, more systematic in ite presentation of 
standard material (in spial as well as general _ 
astonishing breadth and 
mastery for so young an author and a subject. Greater 
glory was yet to come; but in none of his later ° 


ormanoe. 

To a modern eye some of ‘his material lacks the 
terest which Pauli then attached to it, but this 

aft e talanbed by the the addition of twenty-three 
suppleméntary notes written in 1056 for this English 
edition. They contain an account of two of the main 
enta «inde 1921, 


oe ‘und, in somewhat less detail, Friedmann’s 


discovery of time-dependent cosmological solutions 
of Einstein's ations: There is a brief mention 
of the work of Infeld, and Hoffmann, and 


In contrast, it is the probleme of deriving equations 
of motion and the ies of radiation which form 
-the heart of Fock’s book. His introduction to special 
and, contains many in 


ita detailed presentation. of his own heroic caloula- 
tions. He differs from Einstein, Infeld and Hoffmann. 
in his systematio use of ‘a.strees tensor to desaribe 


tind a ads pc Ue e OUy a ae 
etrical structure of space. He finds 


geom i 
solutions of Einstein’s equations for non: 


y) rotating and maases, and obtains their post- 

ewtonian ons of motion sand expressions 

for the gravitational potentials in the wave-zone. 

The calculations are extremely intricate, but, are 
very clearly. 

Fook performs his calculations in a particular 

system—the or harmonic 


transformation. Fook -believes that they are the 
natural analogue of the inertial systems of special 
relativity. , Tn his view they do more than simplify 


general reldtivity teresting 
twists ; but the ina importance of his book lies in, 
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certain calculations ; “they are of deep significance 
to the theory as a whole. This view is not shared by 
all students of relativity, most of whom believe that 
in general no particular significance can be attached 
to special co-ordirfate systems. In their view all the 
physical implications of Einstein’s theory oan be 
expremed in terms of invariants which are com- 
pletely t of the choice of co-ordinate 
system. y in special spaces (for example, those 
which satiafy simple boundary conditions at infinity, 
or which admit a group of motions) can a special 
co-ordinate system simplify calculations. In his book 
Fock defends his view in detail, and it is valuable to 
have this clear statement of his case. Whatever the 
final decision may be, his own calculations form a 
Aaa ala EA nla 
theory. . W. Soma 


ENDOCRINOLOGY OF 


REPRODUCTION 


Recent Progress In the Endocrinology of Reproduc- 
tion | 
of the Conference held in Syracuse, New 
York, June 9-12, 1958. Pp. xi+582. (New York: 
Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1959.) 12 dollars. 


Oieee and symposia on endocrino- 
logical subjecta have been multiplying in recent 
Toen AOA T E DEE ag aoro pra ore. common Dor 

the i The 


Pe ee ae a a 
-that such papers are valuable. Other shorter con- 


often more gnilo with’ invited papers, sometimes 
circumvent full rigours of the refi system 
that submission to an appropriate scientific journal 
would entail. Finally, the printed proceedings are 
often long delayed and costly and the general result 
is further , confusion and reduplication in an 
already overloaded. literature 

Yet, with all these reservations one has to concede 
& warm, if reluctant, weloome to the published 
‘ceedings of another conference on the “indearinclogy 
of Reproduction”, this time held at the New York 


The arrangement of the programme was a logical 
and thorough one, beginning with a consideration of 
ee aS ee TiS one hormonal Pallase i 
cycle to fertilization, implantation, 

amoy and Bally to petaton and Taotatien 
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of ovulation and by Folley and his cooleegueæ on 
mammary growth and lactation. Others like that 
of Heller on the neurohypophysis q the oestrous 
cydle, pregnancy and lactation areas 
where research efforb has been lacking and where 
freah work, in this case on changes in water meta- 
bolism during the reproductive cycle, might be very 
profitable. The remaming papers are more in the 
nature of progress reports on work in hand. There are 
several on the levels of hormones to be found in the 
urme both during normal cycles and in pregnancy, 
and other topics include the capacity of the placenta 
to produce hormones, and the latest evidence about the 
status of relaxin as a hormone. A notable and pressing 
omission from the topics discussed at the meeting 
is the control of overall fertility pa in relation 
to the world’s population problem. 

At ita American price of 13 dollars this book 1s not 
perhaps an essential purchase for one’s own book- 
shelves, but it is certainly worth reading. 

P. L. Krom 


BRAIN AND BEHAVIOUR 


The Central Nervous System and Behavior © 
Transactions of the Second Conference, February 22, 
- 28, 24 and 25, 1959, Princeton, N.J. Edited by 
Mary A. B. Braxier. Pp. 358. (New York: Josiah 
Macy, Jr. Foundation, 1959.) 4.76 dollars. 
aH been pete and publication of papers 
resented at extended symposia 
is & a y American contribution to 
contemporary scientific communication. Well dons, 
it conveys @ remarkable atmosphere of actuality. 
Its informality is refreshing, and it the reader 
at some small remove of time to be taken to the brink 
of current experiment and speculation. Occasionally 
interruption of the text by interjection or argument is 
distracting ; but more often it is both revealing and 
stimulating. The spirit of such meetings is epitom- 
ized by Dr. Fremont-Smith in his introduction to the 
present volume when he quotes the admonition 
“Don’t speak when I’m interrupting”. 

This book presente the transactions of a conference 
held at Princeton in February 1950 and devoted 
mainly to the study of changes in animal behaviour 
induced by experimental cerebral lesions. The 
participation of a dynamically orientated psychiatrist 
(Douglas D. Bond) is revealing evidence of the mantle 
of scientific respectability worn by psychoanalysis 
in the United States, but still firmly denied to it in 
neurophysiological circles elsewhere. Dr. Bond’s 
discussion of the possible relation between the 
behaviour which follows experimental 
amygdaloid lesions in the animal and that seen 
clmically in human anorexia nervose is intri 
aa are some asides on the effect of a number of com. 
monly used drugs such as amphetamine, meprobamate, 
and chlorpromazine, on animals subjected to similar 
cerebral lesions. 

„In other sections of the book Grastyan (Hungary) 

recorded, 


the effect on behaviour of transient depression of 
cortical activity in the rat by the local application of 
chemical subetances such as potassium chloride. 
Probably the chapter of greatest general interest is 
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that by Rusinov (Moscow) on electroensephalographio 
work during the establishment of conditioned 
reflexes in man. Only here ahd m Dr. Galambos’s 
(Washington) stimulatmg “summation” does the 
discussion briefly develop from technological detail 
to tentative philosophical generalization. 

The book closes with an interesting account of 
Mary Brazier of a preceding colloquium on the electro- 
encephalographic and higher nervous activity held in 
Moscow in October 1958. -From this it is clear that 
the academic authorities of the U.S.S.R. have not 
been behindhand in with the Americans the 
BENOE of similar high-level meetings for the 

exchange of knowledge and ideas in the neurological 
sciences. 

It is depressing to note that although several 
speakers pay tribute to the contributions of Darwin, 
Hughlings Jackson and Sherrington to the saientiflo 
investigation of behaviour, references to current 
British work are almost non-existent, and that one 
British scientist attended-the Moscow meeting, none 
the American. Fortunately the Macey and National 
Science Foundations, by making this excellent volume 
available at a relatively modest price, enable us to 
profit vicariously by the efforts of our more energetic 
colleagues. Hasr Mra 


NORTH AMERICAN 
FRESH-WATER BIOLOGY 
Fresh-Water Blology x 


By Baldwm Ward and George Chandler 
Whipple. Second edition edited by Prof. W.-T. 
Edmondson. Pp. xx+1248. (New York: John 


Wiley and Bone, Ino. ; London : Chapman and Hall, 
Ltd., 1959.) 276s. net. 


HIS new edition of an old favourite that appeared 
in 1918, virtually.a new book, covers the fresh- 
water fauna and flara of North America except 
for free-swimming cercarue, spiders and vertebrates. 
Forty-two groups are handled by fifty-one authors, 
two of whom are survivors from the first edition. In 
nearly half the groups the keys go down to species, 
and these tend to be the groups which have been 
neglected, in Europe at least, such aa Porifera, 
Crustacea are treated fully ; but the keys to all the 
insect orders and to some other large groupe go no‘ 
further than genera. The introductions to the book 
and to each chapter give no more information about 
morphology and technique than is necessary for an 
understanding of the keys, and there is lems of a 
general nature than in the first edition. 
Dlustrations are- plentiful and good, the text is 
well laid out, and more than that it would be imper- 
tinent for anyone not closely acquainted with the 
American faune to say. The question is: How useful 
will this book be in Britain ? It covers the United 
States and Canadas, an aroe that extends almost from 
the tropics to the Arctic, which means that it includes 
many more species than are found in Britain and in 
any European book, since all are on a national basis, 
“Faune de France”, “Tierwelt Deutechlands’’, ‘‘Dan- 
marks Fauna” and so on. There are, for example, 
53 genera of Ephemeroptera in America, which is 
ö more than the total number of British species ; 
all but one of the 18 British genera are included in 
the 53. There are 89 species of Cladocera in the 
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Freshwater Biological Association’s key, 121 in 
Ward and Whipple’s and 60 are common, but this is 
a group well known for its cosmopolitan distribution 
and in many others the overlap is much less. g 

The references: vary from chapter to chapter; 
sometimes there are none to work, some- 
fiiion the maiz ones ate imalnded; particiieely Anes 
are written in English. 

It 1s clear, then, that whoever uses the new “Ward 
and Whipple” will have to struggle with keys that 
are larger than is necessary for his purpose and which 
probably do not include the species before him. 
Moreover, there is much more on the European 
fauna than was available to his predecessor using the 
first edition. On the other hand, almost all freshwater 
animals and planta are dealt with between two covers 
and the book must therefore contain some organism 
allied to any specimen the identity of ‘which is to 
be ascertained. This can be comforting to somebody 
who has prowled in vain around a scientific library 
searching for a key to the group to which a specimen 
is thought to belong, and even more comforting to 
somebody who has no scientific library to prowl 
around. A second point that will endear this new 
volume to a now generation is the full treatment of 
neglected groups. I believe, therefore, that the book 
will be found not to have lost ite old appeal. 

T. T. MACAN 
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OPTICAL ROTATORY POWERS 
i OF ALKALOIDS 


Tables of Constants and Numerical Data 
11: Selected Constants: Optical Rotatory Power. 
4: Alkaloids. By Prof. J.-P. Mathieu and Prof. 
M.-M. Janot. (Publication gubsidized by the Member 
Countries of the Internationa] Commision of Tables 
of Constanta and by the Centre National de la 
Recherche Scientifique.) Pp. v+211. (Lopddn and 
New York: Pergamon Press, 1959.) 160s. net. % a 
HE present volume is the eleventh in‘ the’ seriég’ 
of “Tables of Constants and Numerical Data’, 
founded in 1809 by C. Marie; and it is the fourth m the 


series devoted to the optical rotatory powers of 
naturally i substances. The preceding 
. volumes with optioal rotatory have 


power 
covered the steroids (1956), the friterpenoids (1958), 
and the amino-acids (1959), and all four have come 
under the general editorship of Prof. J.-P. Mathieu 
with the aid of specialista in the particular fields 
_ concerned. In this volume, devoted to the alkaloids, 
Prof. M.-M. Janot has collaborated with Prof. Mathieu, 
and Bir Robert Robinson bas provided a foreword. 
In view of the greater chemical diversity of the 
alkaloids the material covered in this volume is 
inevitably more heterogensous than that considered 
in the volumes, and the main function of - 
the book is to collect together in one place the data 


scattered throughout the literature on optical rotation 


measurements made on alkaloids. The have 
been faced with the well-known problem of defining 
an alkaloid, and they have therefore bésed “their 
criteria for inclusion ‘on the considerations that the 
alkaloids form a group of organic compounds of 
vegetable origin, always containing nitrogen, possess- 
ing more or leas pronounced basicity, yielding precipi- 
tates with certain ‘general’ reagents, and being 
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endowed with remarkable pharmacological activities. 
It is realized, of course, that such a classification is 
somewhat arbitrary, and the editors have compiled a 
list of the known oids, including minor alkaloids 
and many that no action on polarized light, 
provided that an empirical formula has been aasigned. 

In the table of rotatory powers, the elkaloids and 
their salts are listed in alphabetical order by trivial 
names with molecular (or empirical) formule and 
melting points. Other column entries are molecular 
weight, and solvent, concentration, temperature, and 
wave-length for which the recorded specific rotations 
have been measured, and, finally, bibhographio refer- 
ences. The table, which has been compiled essentially 
from data found m original papers, occupies 166 
pages, and the bibliographic references, given in a 
moet convenient and compact form, occupy 28 pages, 
followed by an author index (10 pages) and a formula 
index (8 pages). The references (1809) span the 
interval between 1873 and mid-way through 1959, 
and their distmbution over the years provides an 
interesting sidelight on sotivity in the fleld of alkaloid 
chemistry. Thus, the six decades from 1870 to 1929 
provided only 19-3 per cent of the references, and the 
three decades since have provided respectively 18-4, 
14-7, and no less than 47-7 per cent of the referonces. 
In fact, about one-third (82-8 per oent) of the biblio- 


” graphy relates to the last five and a half years covered, 


and it is obvious that, at this time of intense activity 
in the fleld of alkaloids, the present volume will be 
welcomed in laboratories where alkaloids are being 
studied. 

It is a pleasure to note :that a return hes been 
made to a conventionally printed style, employing 
minute but very legible type, and the binding 
matches that of earlier volumes in the series. 

J. WALKER 


A MYTHICAL SCIENCE 


The Masks of God 

Primitive Mythology. By Joseph Campbell. Pp. 
viii +ð. (London: Martin Secker and Warburg, 
Ltd., 1960.) 88s. net. 


‘HE publishers claim that “The Masks of God” 
is ‘undoubtedly a landmark in its own field”. 
Alas! Like so many landmarks it is also a folly. 
The sauthor’s is ‘the first sketch of a 
natural history of the gods and heroes, such as in ita 
final form should include in its purview all divino 
. For, as in the visible world of the vegetable 
and animal kingdoms, go also in the visionary world 
of the gods: there has been a history, an evolution, a 


, series of mutations, governed by laws; and to show 


forth such laws is the proper aim of soienoe” (p. 5). 
A new-born chick, says Dr. Campbell, will dart for 
cover when a hawk, or a model of a hawk, passes 
overhead—but not when the bird is a gull, duck, 
heron, or pigeon, or model of these latter. This kind 


human beings ; and the biology, psychology, sociology 
and history of the sign stimuli which release these 
mechanisms of inheritance ‘constitute the field of 
our subject, the science of Comparative Mythology” 
(p. 41). 

‘There is here a major distinction between what is 
common to all men and what is culturally determined ; 
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there is also a distinction between part of the process 
of ‘making’ myths, and mythologies, which the 
author seems scarcely aware of. From such 
without any analyais of the mechanisms of inheritance, 
mythologies are olaasrfied into thoke of the hunter, 
the planter, the ancient city dwefler, and the peoples 
of prehistory; and an attempt is made to show, 
using the theories of the diffusionist and Kulturkreis 
schools—umneonvincingly, I think—how such 
oe ener bren proad or Oiid. The classi- 
cation is there are some interesting passages 
on the cuckoo, divine kings, the ritual love-death, 
shamanism, cave painting, a stickleback, and palmo- 
lithic and neolithic man, but the relations between 
the inherited image—imprinted on man’s mind some 
600,000 years ago, the poetic vision, cultural 
determinism, and culture change and diffusion remain 
—as one would expect—wholly obscure. 

Diffasionist theory is necessary to this kind of 
construct, and some theories might provide models 
for what to-day is called ‘acculturation’. Why site 
Forbenius and Haeckel—who failed to construct 
such a model—end not P and Elliot Smith—who 
did ? The seminal work of Hocart, Halbwachs, Van 
Gennep, Levi-Strauss, and Leenhardt is not men- 
tioned. Indeed, these authors can offer little to one 
who, though some sort of Jungian, is determined to 
take his departure from Bastian without taking 
Neumann into account. ; 

If there were a personal and imaginative synthesis 
the strange choice of authorities would not matter. 
For the central problema—how myths come to exist, 
penetration of the divine or mystical experience, the 
roon of myths to particular kinds of social structure 

and oulture—are real and outetanding. But they 

will not yield to grandiose ions, second-hand 

psychology, muddled sociology, bad history, and an 

appalling confusion of biological and cultural levels. 
K. O. L. Bunsmwes 


RADIATION AND THE BROAD 
BEAN 


Radiation Biology of Vicia faba In Relation to the 
General Problem 
By Dr. John Read. Pp. xxii+270. (Oxford : Black- 
well Scientific Publications ; Springfield, DI. : Charles 
C. Thomas, 1959.) 45s. net. 
HE roots of broad bean seedlings are stout and 
not very exacting in their requiremente for good 
growth. The meristematic and differentiating zones 
are well demarcated, and squash preparations can 
easly be made to display the chromosomes in dividing 
cells of the root-tip. The chromosomes themselves 
are large and only twelve m number. The growth- 
rate of the roota can easily be measured by their 
increase in length. These are the main characteristics 
which have led many of those working on the effects 
Ce eee ee E ee 
bean as their expermmental material 
Dr. Road gives a systematic account of this work, 
restri himself almost exclusively to investiga-, 
tions publi after 1939. The reader is led in the 
early chapters through the effects of radiation on 
growth-rate, to a consideration of the inhibition of 
mitosis by radiation. It is the contention of the 
author that marfy effecta of radiation on growth-rate 
stam from damage to the genetic material, and it is 
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to an analysis of chromosome aberrations in relation 
to radiation that much of the book is devoted. The 
various conflicting theories aa to the nature of chromo- 

some aberrations are considered in detail in the light 
of all the available evidence as to the inftuenoe of the 
type of radiation, the dose-rate and the various 
environmental factors which affect the production of 
aberrations. Deoxyribonucleic acid synthesis after 
Tadiation is considered briefly, as is a comparison 
of radiation with radiomimetic chemicals in their 
affecte on the bean root. Throughout, the resulta 
obtained with broad beans roota are compared wrth 
those obtamed from other living systems. In a final 
chapter a valuable summary is made of the com- 
parisons of this type which have been made in previous 
chapters. Dr. Read presenta a formidable case for 
the utility of his superficially trivial experimental 
material. There is a bibliography of more than two 
hundred titles. 

The presentation of the book is-excellant, the type 
bemg large and clear and the text figures bold. 
Those intimately concerned with the biological effects 
of radiation will be grateful to Dr. Read for drawing 
together in such an accessible manner all the impor- 
tant information on Viota*faba and radiation. 


HISTORY OF ENGINEERING 
INVENTION 


Sclence as History 

The Story of Man’s Technological Progress from 
Steam Engine to Satellite. By Heinz Gartmann 
Translated from the German by Alan G. Readott. 
Pp. xvii+348+51 photographic illustrations. (Lon- 
don: Hodder and Stoughton, Ltd., 1960.) 25s. net. 


CIENOE as History” haa a more aoourate sub- 
“The Story of Man’s Technological Progreas 
from Steam Engine to Satellite’. It is a popular 
account of engmeering invention and development 
written around a number of the most important 
examples. Thé advance of the steam engine, motor- 
car and aeroplane, 18 followed by chapters on telecom- 
munications, radio, radar, atomic physica, automa- 
tion, and space exploration. 

The author has not attempted a critical appraisal 
of the topios chosen—the work is in no way ‘learned’; . 
he hae sought sensibly to recount some history in an 

interesting manner. In some chapters unnecessary 
detail clouds the overall pattern; for example, so 
Shadi arae Bees in Che PA Gaeta nection that 
the really ‘important contributors never emerge. 
There is also a probably unavoidable national bias. 


_ When the United States, Britain, Europe and the 


U.8.8.R. are all workmg on similar problems, often 
under conditions of secrecy, 1t is exoeedingly diffloult 
to be just. 

Some chapters lack belance ; the space devoted to 
balloons and Zeppelins is twice that devoted to the 
immensely fertile period of aviation history from 1903 
to date. Finally, the treatment of Dr. 
Sdnger’s lecture on relativistao mechanics appli 
speco flight is positively melodramatic. 

In spite of these faule the book is immensely 
readable, beautifully produced, has a bibliography, 
and does display an appreciative understanding of 
the important and exciting developments selected. 
It deserves a wide audience. J. L. BTOLLEBY 
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Ynternational Commission for Uniform Methods 
of Sugar Analysis 

Report of the Proceedings of the Twelfth Session 

held at the National Bureau of Standards and at the 

Shoreham Hotel, Washington, D.Q, U.S.A., from 


Methods of Sugar Analysis, Tate and Lyle Research 
Laboratories, New York: 8 Research Founda- 
tion, Ino., 52 Wall Street, 1959.) 25s.; 3.50 dollars. 
HE twelfth session of the International Com- 
mission for Uniform Methods of Sugar Analysis 
was held in Washington, D.C., in June 1958. 

Ite proceedings, which have now been published, 
contain detailed papers and discussions concerning 
some twenty-six problems which are primarily of 
special interest to those concerned with technical 
aspects of the sugar industry. The subjects for 
discussion included, among many others, such matters 
as the determination of sucrose and reducing sugars 
in molasses, the inorganic and organic constituenta 
of raw sugars and sugar products, and factors causing 
deterioration of raw and refined sugars in storage and 
during . In each instance the problem 
had been referred to a group of experta from the 
various oountries ooricerned. Their reportas and 
recommendations for analytical methods are printed 
with fall details of the experimental procedures. A 
verbatim account of the discussion which followed 
the presentation of each report is then given and 
finally the decisions of the Commission are recorded. 
e In some cases the referees’ recommendations have 
been accepted only for guidance by , no final 
decision being taken. It will be evident that this 
volume will of interest mainly to professional 
analysts ; but the methods described may be of great 
use also to investigators who have to deal with any 
aspects of carbohydrate chemistry which involve the 
separation and quantitative analysis of sugars. 

` E. L. Hæsr 

Precipitation Processes |n Steels - ° 
Report of a Oonference held in the University of 
Sheffteld, 2-4 July, 1958, and organized ‘by the 
Depertment of Metallurgy. (Special Report Nox. 64.) 
Pp. xiv+323. (London: Iron and Steel Institute, 
1959.) 84s. 

HIS socount of a conference organized by the 

t of Metallurgy of the University of 

Sheffield in July 1958 has been deemed of such interest 
by the Iron and Steel [nstitate as to justify ita being 
published as a special report. With this opinion one 
must heartily concur.- Twenty-one pepers were 
contributed, grouped around the general themes of 
precipitation in ferritic and austenitic steels respec- 
tively, intergranular fracture and precipitation during 
creep. Such precipitation processes in alloy steels 
are obviously of the greatest practical importance and 
of very much theoretical interest ; the time was. 
for such a discussion, and Prof. A. G. Quarrell, 
appears to have initiated it, has clearly performed a 
most valuable service. 

The quality of the contributions is high, a great 
deal of first-rate original work is inclu and it is 
outaide the bounds of possibility to review this in 
short space. One aspect of these papers, however, 
is outstandingly evident in the profuse use of electron- 
micrographs. After getting off to a slowish start in 
metall hio investigations, this technique has 
now establi ed itee:f as an emential tool in this 
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field. Where all is so good, it is quite unfair of a 
reviewer to single out for special mention the papers 
concerned with im fracture in steel, but 
these four contributions, one from France and one 
from Sweden, go far to clarify a most important and 
elusive phenomenon. e 

This is a publication which it would not be easy to 
weloome in too high terms. F. O. Taompson 


Health Physics Instrumentation 
By John 8. Handloser. (International Series of 
M on Nuolear. . Division 5: 
Health Physiœs, VoL 1.) Pp. x+182. (London and 
New York: Pergamon Press, 1959.) 42s. neb. 
HIS book is primarily designed for those familiar 
with the basic ics of radiation detection 
who now wish to i measurements for radiation. 
contro] purposes. 

The commercial instruments discussed and ‘the 
laboratory practices described are those currently 
used in the United States. This does not detract 
fram the value of the book to users in other countries, 
as the writer in the chapters on portable survey 
instruments, fixed monitors and neutron monitors 
gives the basic principles used, and then describes 
the way in which they have been applied and devel- 
oped by different instrument designers. The writer 
ethus describes briefly the range of techniques and 
instruments used for the measurement of neutrons, 
y- and f-radistion and leaves the reader to judge 
which method is most puitable for his problem. In 
all chapters the brief details are supported by adequate 
references. 

The techniques described cover the range of energies 
from tens of kilovolta to tens of megavolts. There is 
no discussion of the measurement of radiation from 
the hi accelerators as the writer considers 


. that health physics instrumentation in this fleld is 


still a research problem. 

Chapters are also devoted to counting rooms and 
their equipment, calibration techniques and misoel- 
laneous instrumentation, and an introduction whioh 
discusses units of measurement and acceptable limits 
of exposure. 

The book is a useful introduction to health physics 
instrumentation for those entering the fleld and is 
also interesting reading for those concerned with 
radiation measurement for protection purposes. 

B. 8. Burra 


A Manual of Practical Vertebrate Morphology’: 
By J. T. Saunders and 8. M. Manton. Third edition. 
Pp: vili+272. (London: Oxford University Press, 
1959.) 30s. net. 
gad | Ber aim of this Manual is to provide the student 

with an socurate description of the anatomy of 
oertain vertebrate types which are dissected in an 
elementary course of Zoology.” Since 1931, when the 
first edition appeared, it is clear that this aim has 
been well justified. -In the second edition (1949) 
‘there wak a, weloome addition of six chapters dealing 
with the dissection of odrtain muscle systems in the 
rat, pigeon, frog and fishes. Until this third edition, 
however, there has been no guide to the general 
dissection of a mammal. The new chapter on the 
rat has been prepered by Dr. M. E. Brown and Dr. 
8. M. Manton. There is little that I need add, for 
‘Saunders and Manton’ needs no introdustion to 
classes studying vertebrate morpho : 

: N. B. Marsma 
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AGEING AND RADIATION: 


By Dr. G. J. NEARY . 
Medical Research Council _Radloblologtcal Research Untt, Harwell, Didcot, Berks. 


TARTING with the pioneer work of Russ and 
Soott: and of Henshaw', it has repeatedly been 
suggested that whole-body irradiation of animals 


speeds up ‘natural Although highly 
specific. long-term Teil esal affects’ can also be 


examp 
undergoing chronic radiation at rather low dose- 
rates or surviving. the acute injury of single dogos. 
Yet such animals die earlier than unirradiated oon- . 
trols, while the spectrum of pathological conditions 
present at death is about the same in both groups, 
that is, there is a non-specific shortening of life. Thus 
the evidence for a up of ageing by radiation 
refere mainly to the late pariod of biologiosl deteriora- 


fore from fortility, physiological mess- 


ures of ageing have not yet been studied ds intensively * rate is 


as 10 normal animals. ‘Nevertheless, 
starting only from quantitative data on non-specific 
life-shortening in mioe, I shall argue -that there is 
some intrinsic process of biological ageing, enhanoed 
by radiation, which operates from the start of life 
and is virtually complete by the time the changes of 
old age begin to appear. The argument. has not been, 
and probably cannot be, established on a firm 
statistioal basis from the data available. But 
because ta in this field are difficult and 
because the establishment of some relation between 
natural ageing and that induced by radiation might 
afford a better insight into the nature of the funda- 
mental mechanisms and lead to more fruitful experi- 


Theories of Ageing , 

In the context of ageing, two fundamental questions 
may be asked: Why does an individual die, and why 
do comparable individuals die at different times ? 
Tho answers offered have fallen into two broad cate- 


recognizing that the outcome of the i 


behaviour of a population of tara ih uniform 
individuals. Such theories attach .considerable 
significance to the bes gees pgo-speciflo death-rate, 
tho so-called ‘force mortality’, sometimes inter- 
preted as the probability por unit time that any 
survivor will die in that time interval. . For this to bo 
true ın an exact quantitative sense, all the,indrviduals 
alive at & given instant.would have to be-identical, a 
cation pointed out by Medawar, but not 

ways sufficiently noted. Tho fact thatthe farce of 
in most. populations increases with age. 

beyond 6 certain point, has been accepted as evidence 
of a -change in the population with age. 


ay 


Gompertz# noted that in one populations the 
logarithm of the doath-rate increases 
approximately linearly. with ago from early maturity 
onwards, and so this quantity hea been regarded aa a 
general measure of physiological state, and ite rate of 


change (approximately constant) a8 & measure of the 
‘rate of physiological ageing of the population, and 
ual member 


ee eee a 
*has.elaborated on these idees in an 
Se ee 
individuals in. the population aro initially identical, 
but that duo to random external giresæos and physio- 
logical interactions- there is a progrogsive drift and 
i ion-in the physiological statos af those indi- 
vi The death of aħ individual occurs when his 
physiologi state transcends a certain limit. In 
this, the, logarithm of tho age-spesific death- 
ional to the mean physiological 
ee ein ion at that ago; the empirical 
Gomperts relation would thus soem to imply that the 
mean state changos linearly with time. The roelity 
of the rate of physiological ageing so deduced wiy 
depend in any actual situation on the validity, among 
other things, of tho sasumption of initial i entity of 
all individuals. ` 
A progressive decline in physiological state or 
vitality is thus an essential feature of theories assum- 
ing, random. mortality, but a detailed oceusative 
mechanism for the decline itaglf is nos usually 
specified. ; 
Genetically determinate theories. These theories 
concentrate attention on the individual rathor than 
the population and, in their quantitative aspects at 
least, on the component oells'of the individual. The 
environment is scarcely considored explicitly, except 
as a more or legs uniform influence; for æ given 
envitonment the life-span of the individual is pro- 
determined by the initial genetic endowment. In 


apparatus", 
tho final section, but it is clear at once that the fate 
of the individual cannot be considered solely in terms 
ee a In an animal, the 
cells are organized in repli ppebotae ee atdacliat a 
ing anatomical and sahiyaiolopical systems. 

changes within cells may EAE RENEE EE pers 
and finally death, it may be inappropriate to consider 
the whole sequence of events solely in terms of the 
primary process. This idea is developed later on in 
a ee ale general bout the 

A oo ve statement al 

incidence of mortality in a group of individuals may 
be made in purely formal terms. An individual in 
a population is characterized by a particular value of 
some parameter t, and the number of individuals in 
the class from t to (t-+ dt) is N(xt}dr; there is a 
probability p(t4)dé that an individual in this clase 
will dio in the age interval from t to (t + di). The 
age-specific death-rate u(T), at age T is then'?: ; 
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wo T 
J N7) .p(14) . exp [~S p(t). dt]. dr 
s L (1) 





u(T') = 


N 7 
In the special caso where ‘all individuals are 
identical, the incidence of death sa between indivi- 
duals is random, and (T) reduces to p(T). At the 
other extreme, Siler eb cee OE A ea 
occurs at a characteristic ago. 
Wao the ae ain 


parameter t may be equs: 
of the i individual, that is, p(ts) = O for £ < 7 ond 


== oo fort > +, so that u(T) reduoce to N(T)/[(s).de. 
-specific death-rate is merely ari 


mined life-spans ; the concept of a "foroo of mortality’ 
liable to strike down impartially and at random any 
member of a collection of identical individuals is then 
quite ‘inappropriate. ` Further, the slopé of the 
Ta slot, aihu(T)/9, in this oase need beak no 

ón whateyer to 4 rate of real physiological 
agoing einer in individuals or averaged ove ino 
population. 

In dn’ actual opalstion, the factors of randomnem 
and genetic variation are both likely to contribute to 
the dispersion of 'life-times, and either may pro- 
dominate. For haman white female population 
of the United States at present, Szilard 
that: ma arat of' Mtie ‘by the 


of about 10 Te e gto 
ti a E 
may be estimated from reodrds of identical twins to 


tho average dita, aren epre i 
& 


= Sea 
Without reference to the environment. This is shown 
by tHe’ sppreciable increage in averago humlan life- 
times in eponomically developed countries inthe past 
hundred’ years or so™*, Much of this increase ia 
dup to a reductidn of mortality in early and middle 
ago ; the in old age, though.roal, is much leas. 

ə causes of th showing a reduction of izicidetoe 


FEO thighs Pheri Hive yore on 10 Toh OLA ear 
Bome types of tumour also’ are not diseases of old 
ago and may be included with the ‘accidents’. This 
kind‘ of division of deaths into “‘aécidents’ and 
‘senescent’ deaths is not new in actuarial analysis™.¥.44, 


' correlation may not be causal, howover, but merely i 


@ $ T a 
[Nepi plade T 


. 
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arise from a- common - factor” of -imptovement of 
environment'*. The results of im on mice 
exposed to infection™."” i to test Jones's 
hypothesis were equivocal‘. Jones also cites the 
fact that in human” tions the ific death- 
rateg for various diseases and the rate from 
all causes show similar rates of increase with age, and 

this as farther evidence for an increasing 


ney Ma german distribution of potential life-span. 
of ageing. My model of ageing, arrived 
at eae E A ted and unirradiated mioo 
summarized below, combines elements from all the 
foregoing theories. It aasumes that there is a common 
Process at work in natural and radiation-inducod 
ageing which is fundamental, imevitable and. irrevers- 
ible. Other procemes may also contribute to ageing, 
some iar to natural and some .to,- radiation; 
induced. ing**, and. in particular circumstances 
any one o these may be the dominant factor, while 
some may be largely irrelevant by-products of ageing 
ao far as survival is concerned, for example, the grey- 
ee The model implies, however, that even. 

if all- these other factors could be ‘obviated, an. 
*irreducible - intrinsic _ Brocess. would romain, which. 
may in faot 


in physiological interactions which 
ously and autodéatalytically whon onde’ initiated and 


i which eed to rapid impairment culminating in death ; 


this' stage is termed ‘development’. 
Tt is an essential feature of the model that, aftor 


the two stages is one of -ratiiér than of kind, 
it is valid in practico because thé level of physiological 

impairment is an extremely non-linear function of 
level of inductive change ; Yookey” has pointed out 


should not be regarded as the cause of ageing during 
development in any direct sense ; both are effegts of 
the underlying sub-phyiiologioal change. The false 
assumptions (a) that all the injury produced by whole- 
body irradiation of an animal or by the simple ] 

of time can and must be expressed as physiological 
injury, (b) that this injury is to dose or 
time, have caused m uch confusion in the Mecundon 
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Table 1. Onzomo IKRADIATION or OBA Miom FROM FARLY ALATURITY (~ 80 pays) TO DEATH (ref. 

a an re H (ref. 30 and unpubilahed work by Neary, G. J. 

Values of mean survival tims (MST) and standard deviation of survivel time (8D) in 
anmak in a group, and for last 70 per oent 











» for males (M) and females (F) calculated for all 
group 


















































environment, but the effecta of environmental 
stresses during development will be subject to random 
variation. The rate of development may depend 
more sensitively on individual characteristios than 
does the rate of duction, since it involves more 
complex levels of organization. 


Intrinsic Agelng : Evidence from Irradiated Animals 


Experiments at low doge-rates would seem to 
offer the best chance for ocio a non-specific 
speeding up of natural ageing by whole-body. 
irradiation, because, for a given degree of life- 
shortening, repair mechanisms make the immediate 
physiological effects least under these conditions. 
Detailed data on mice irradiated continuously 
throughout life are available from two groups 
oF workers. Lorens and his oolleagues at the 
National Cancer Institute in the United States’ 
used gamma-rays to irradiate LAJ, mioe (first genera- 
tion hybrida between two imbred strains, O57L 
females cropsed with A males). The incidence of 
various pathological conditions at death was broadly 


similar in the irradiated and control animals, apart . 


from some increase in tumours, perticularly lympho- 
mas. My colleagues and I (ref. 30, and Neary, G. J., 
Hulse, E. V., and Mole, R. H., unpublished work) 
irradiated OBA mioe (an inbred strain) with fast 
neutrons or rays. In our first experiment”, 
the pathology at death was about the same in all 


groups and there. was no clear-cut increase in overall 
inci of tumours. In the second experiment 
the pathological findings have yet to be finally 


asscesod (Hulse, E. V., and Mole, R. H., unpublished 
work). I have analysed the survival data from all 
there i on the working sesumption that 
the principal effect of the radiation was a non-specific 
eing. 
S Tho broad indications of data on non-specific life- 
shortening by radiation are that the mean shortening 
of life in a pE group of animals increases 
with size of'doge for a single exposure, or wrth size of 
mean sooumulated dose for chronic exposure; in 
either cage, 8 ximately proportional relations are 
found!.*1,3%, Th has therefore usually been assumed 
that, with chronic irradiation continued until death, 
the shortening of life of an individual animal should 
depend on its particular accumulated dose; thus 6 
given doge-rate should produce the same proportional 
shortening of life in all the individuals. The cumula- 
tive ity curve of an irradiated group would 
therefore be equivalent to that of the controls with 
the time axis contracted, and so the rate of ageing of 
the irradiated Animals could be said to be accelerated 
compared with the controls; the dispersion of life- 





times in an irradiated group would be reduced in 
proportion to the reduction of moan hfe-t+time. The 
LAf, mice of Loreng e al.” conform fairly well to this 
ample pers but our chronically irradiated CBA 
mice** do not show accelerated ageing in this sense. 
Instead, the cumulative mortality curve for an 
irradiated corresponds to that of the controls 
with the time axis disp not contracted ; simil- 
arly, the Gompertz, plote are displaced but tho 
slopes are not increased by radiation. This result was 
described by the term ‘premature ageing’, though 
‘premature senescence’ is more explicit. 

In terms of my model of ageing, chronic irradiation 
accelerates the bagio sub-physiclogical process of 
ageing so that the duration of industion is shortenod, 
but the ensuing development is almost unaffected by 
radiation at low dose-rates. It is assumed that CBA 
mice are sufficiently homogeneous genetically for the 
length of the natural induction period to be practically 
the same for all individuals, and that the dispersion 
of life-times arises chiefly from dispersion of length 
of development period, some of which at least is due 
to randomnega in effects of environmental stross. 
When such mice are chronically irradiated, all 
individuals receive the same accumulated effective 
dose and all suffer the same shortening of the mduo- 
tion period. Development thus sets in prematurely, 
but at the same time for all, just as in the unirradiated 
animals. Thereafter, the probable course of events 
is the same for both groups ; for oxample, the abapes 
of the mortality curves, the slopes of the Gompertz 
plots and the dispersion of life-times will be identical 
apart from random variation. Attempta have been 
made to see whether these latter features, whiclt 
I have found subjectively in the data, oan. be 
demonstrated or refuted on a firm basis of statist- 
ical significance, in order to decide between the 
alternative et leche of pees ageing (oon- 
traction of induction period only) and accelerated 
ageing (contraction of whole life-time). Some 
approximate arguments on the data of the first 
experiment slone supported premature ageing**, but 


Table 3. OHRONIO IRRADIATION oF LAS, MION FROM HaRLY AATURITY 
{~ 68 Days) TO DEATH (ref. 29) 
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AGE-SPECIFIC DEATH RATE- PER DAY 





Fig. 1. Gompertz plots, OBA mice, miales (ref. $0). The three 
bars on sach plot m Figs. 1-5 correspond to 30, and 80 per 
cent cumulativo mortaltty F 
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_ 300 400 
TIME FROM START OF IRRADIATION, DAYS 
Gomperts plots; OBA mlos, emaks Cet, 20) 


a more detailed examination of the data of both 

experiments suggesta that they do not contradict 

either hypothesis at the 5 per cent level of significance 

D. R., unpublished 
is fite® 


530 6&0 OCH — essCéHO 


es 


work); or that neither hypothesis , though 
ageing is closer than ageing 
(Wise, M. E., unpublished work). Here, I shall 


with 
with values of slope and doubling 
obvious diferenoas between the OBA and LAf: mies 
are then apparent. | 
The dose-rate of all irradiated OBA groups has 
been expressed in rems/dsy, using the conversion 
factors 1 rad of cobalt-60 gamma radiation = 1 rem 
and 1 rad of our fast neutrons = 12 rems (determined 


groups 
E. V., and Mole, R. H., unpublished work). Doses 
for the LAf, mice were given in roentgens and the 
small difference for radium gamma-rays between 
rem and roentgen (= 0-08 rem) bas bedn ignored 
here. 


Certain fasts stand out when Tables 1 and 2 are 
compared: First, the trend towards smaller standard 
deviation with increasing dose-rate and decreasing 
meen survival-time is much leas marked for the 
CBA than for the LAf, mice. This point- is shown -- 


“in time of 
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more clearly by taking only the last 70 per cent of 


ally may be shown to be far less affected by radiation 
ocourrence—data on first 30 per oent to 

die). -Since for the LAf, mice the proportional 
reduction in standard deviation for a given dose-rate 
is at least as great ss that in mean survival-time, 
it appears that, unlike the CBA mice, there is a oon- 
siderable dispersion of induction-times, which is the 
msin component in dispersion of total life-time. 
This conclusion is reinforced by the fact that the 
standard deviations for the LAf, mice are consider- 
ably larger than for the CBA mice, though their 
mean survival-times sre somewhat .smaller. Thus 
for life-time irradiation of LAf, mice at a given dope- 
rate, there is a considerable dispersion in accumulated. 
effective dope. In fact, the individual effective doses 
to the individual life-times, 
; the | 


display è minouding appearance of simplo aosleroted 
b is, an apperent contraction 
of the whole life-time. 


An examination of the Gomperts plota supporta 
these conclusions and leads to some additional 
° From Figs. 1-5 and Tables 3 and 4 (refe. 18, BA) it - 
I e E ee 
linear ; (b) with increase of doge-rate there is a trend 
towards steeper plots for the LAfs,, but not for the 
OBA mice up to ~ 15 rema/day ; (0) for the unirradi- 
ated OBA mice the death-rates are greater 
and the Gompertz slopes steeper. than for the un- 
DA, niles ah a, Doen level OF oarculative 


irradiated 

mortality. If the usual interpretation of 

slope as rate of were accepted, these data would 
mean that OBA mice were ageing at the 


pene Hae ap eol hat ne ir gurvival-time 
was nearly halved ; gad: that: the sontcol OBA 
mice wore ageing about five times faster than the 
control LAf, mice though they lived rather longer. 
The Gompertx plots for the two kinds of mice must 
therefore crpgs at sorne earlier time ; and if each plot 
were extrapolated back linearly to the beginning, 
we should have the unlikely result that the initial 
death-rate of the LAf, mice would be some 10 times 
that of the OBA mice. In fact the plote do not 
oontinue straight very far backwards, and the 
slopes are smaller at earlier times. - 


ot 
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Fig. B. Gomperts piots, LAJ, mioo males and females combined 


These results provide no evidence for a process of 
physiological ageing proceeding at a roughly constant 
rate throughout most of adult life, as commonly 
postulated. In so far as the Gomperts alope measures 
rate of physiological ageing at all, this rate is much 
leas before than during senescence, and the a 
tate before senescence is largely an artefact of the 
analysis due to ‘accidenta’. Moreover, it may be the 
exception rather than the rule for the innate variation 
between individuals to be small enough not to obscure 
such evidence of physiological ageing as might ideally 
be obtained from the dependence of death-rate on 
age in a uniform group. Ib is clear that the change 
in the Gompertz slope is unlikely to be a reliable 
index of ageing induced by radiation. When applied 
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to the deta on life-shortenmg in the LAf, mice, Failla 
and MoClement™ found it necessary to use the 
Gompertz relation in s formal pense only, aa & mathe- 
matical transformation of basic data on mean survi- 
val-tims. In OBA mice the Gompertz slope mainly 
reflects the rate of senescence, which is practically 
unchanged by life-time irradiation at low dose-rates ; 
it tels nothmg of the acceleration of the primary 
process of ageing during induction, which is repons- 
ible for the premature onset of senescence and for 
shortening of lifo. 

The apparently much greater dispersion of induo- 
tion times in the LAf, mice than in the CBA mice 
18 unhkely to be due to an effect of differences in 
environmental conditions in the two laboratories, 
because afterwards a similar behaviour of the LAf, 
breed was found elsewhere**.*", Nor can the differ- 
ence between the LAf, mice of Lorens et al,** and 
our OBA mice be attributed to the pooling of 
survival data for LAf, males and females, since 
m the later work™.?” the data for males and females 
are given separately. It may be that the oon- 
siderable incidence of lymphomas in the control 
animals and its appreciable increase in the irradiated 
groups (up to 65 Sent in the females at 8-8 
rems/day) is an indication that a particular patho- 
logical process rather than a non-speciflo ageing is 
responsible for the death of a good proportion of the 
mice. Brues and Sacher** obgerved an increase in the 
slope of the Gomperts plot for chronically irradiated 
female OF No. 1 mice, a breed usually showing a high 
incidence of mammary tumours. Alternatively, it ig 
possible that there is a real dispersion of induction 


periods for non-specific ageing between individuals 


due to genetic causes, even though LAf, mice, being 
a tion croas between two mbred strains, 
would be expected to be genstically uniform. If 
the parent strains were absolutely uniform, then the 
Jı crops would also be uniform ; but if thero were some 
variation in each parent strain, these variations would 
be combined multiplicatively in the f, crows. The 
possibility of a genetically determined di in 
dispersion of induction times between LAf, and OBA 
mioe thus involves the comparative genetic uniformity 
of the parent strains O57L and A and the OBA strain, 
and the influence of the factor of hybrid vigour. 
Dose and the derivation of values for times 
of induction and development. I assume that a low 
doge-rate of radiation, r rems/day, produces the 
basic intracellular changes responsible for ageing, 
at a rate Ar times the natural rate at any instant ; 
the total instantaneous rate is thus multiplied by 
a factor (1+ ìr). The acoumulation of changed 
cels would be determmed by the dynamics of 
the changed and normal cell populations; if there 
were competition between these cella, an altera- 
tion in the time required to attam a critical level 
of changed cells might depend in a complicated 


Table 3. Gowpmers ANALYSIS, CBA Mioa (ref. 30 and unpublished work by Neary, G. J., Hulse, H V:, and Mole, B. H.) 
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Table 4. Goxvunrrs AmaLrais, LAJ, Miom (ref. 29) 
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‘Dosp-rate ` Ol | 11 23 44 
(rema/day) 
Slope *| 0-88 | 0-66 | 0-74 | o-70°| 091 | 10 
1 0-58 | o-72 | 07 | 098 | 10 12 
100 days 0-638 | 070 | 070 | 0-73 | 088 | 13 
Doubling *]| 166_| 106 05 88 TI 67 
time | 180 97 88 75 70 50 
(days) 131 80 80 95 84 52 








=d 
* analysed by Sanher (ref. 13). 
ince ee 


way on an alteration in their rate of production. 
Bome model of the intercellular relatio is neces- 
sary in order to derive values for times of induction 
and development from the empirical data on life- 


contraction of the time required for the accumulation 
of a given level of changed’ cells. Since the critical 
leyo] is assumed to be the same in radiated and 
control animals at the ends of the respective induction 
periods, durations I and I, we have: 


“(+a d, 
(le — I) = wl 


that is, the shartening of indugtion period (Is — 
sane fel peed pnp emer 
@eriod, rl, the socumulated effootivo e The 
duration of the development period, D, is unaffected 
by radiation at low dose-rates and therefore the 
shortening (Se — 8) of life-time, 8, is equal to (I, — I), 
affective 


whence 


not necessarily a linear function of time or dose and 
the resultmg physiological injury is probably a very 
non-linear function of these quantities. 
The derivation of values for times of Induction and 
development and the constant 4 on the basis of the 
linear relation (2) for chranio irradiation is straight- 
forward in principle, but with our data the accuracy 
of determination of development time is very low. 
Binoo by h — 8), we ave 
(Sa — Sr = AL g 
"when irradiation starts at age T' and continues until 
death : 
(S, — S)/r = A(S-—T—D) (3) 


A plot of mean values of (S, — S§)/r against mean 
values of time of survival (S — T), for groups of 
animals at different dose-rates, r, should thus be a 
straight line with slope ìà and intercept on the abscissa 
axis D, the mean development time. -Theo data used 
in Figs. 6 and 7 sre for the last 70 per cent of animals 
in & group to die, so as to reduce the influence of 
‘accidental’ deaths. The values of D for males and 
females so obtained are in each cage about 180 days. 
In tbis analysis any error of mean shortening of life 
or disturbance through side-effects ig a 
ated for the low dose-rate groups: 
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primarily designed to determme. It is thus not 
surprising that the spread of points is large in Figs. 6 
and7. Ifthe same treatment is applied to the data on 
LAS, mice of Lorenz et al.* (males and females not 
given separately) oreof Bacher, Grahn and Gurian" 
(survival data of last 70 per cent not given seperately), 
the spread is too great to permit of any estimate of 
D. These difficulties should be reduced by using a 
fixed dose-rate and ing the age at which irradis- 
tion starts (Neary, G. J., and Mole, R. H., unpub- 
lished work). The estimate of D = 180 days agrees 
roughly with recent observations that for BADB/o 
mice which received 500 r. at age 485 days, the age- 
-specific deaih-rate became signi greater than 
in controls only at age 575 days (average for malos and 
females), that is, 160 days before the median life-span 
of the irradiated animals?’ 

The best estimate of à from our present data may 
be obtained from equation (2), which for animals 
starting irradiation at age T', may bo written : 


(S. — S) = ar(S—T—D) (4) 


' By using the value of D obtained from Figs. 6 and 7, 
the mean accumulated effective doses, r(S—Z'—D) 
for the groups st the different dose-rates may be 


are 0-065 day /rem. for males 
0-086 day/rem for females, agreeing with other data 
an tho iit shortening dicio of io irradiation 


of mioe!.*1.53, 


. Nature of the Induction Process and the . 
Problem of Extrapolation between Species 
The linear form of the dose-response for non-specific 
life-shortening by radiation at low dose-rates is con- 
sistent with a cumulative injury due to irreversible 
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in cells. This is in marked contrast with the 
short-term physiological injury, for which there is a 
very non-linear dose-response and a recovery process 
with a time-scale measured in days or weaks*. The 
linear relation implies that a given increment of dose 
would have the same effect at any time up tothe 
completion of mduction. This is confirmed approxim- 
acely in the similar degrees of life-shortening produced 
by single, fractionated and life-time doses of fast 


neurons****. Some resulta on our female CBA mice 
given chronic rradiation for limited periods** have 
been included in Fig. 9, and they agree fairly well with 


the resulta for life-time irradiation, considering that 
“the animals in most of the limited irradiation groups, 
unlike those in the life-time groupe, were used for 
breeding experiments. The linearity with life-time 
irradiation, however, may result from a precarious 
balance in the intercellular dynamics; if so, the 
balance might well be upeet, by a sudden: fall in 
production of ee, cells on cessation of radiation. 
The of age inferred from 
life-time la as and single-dope data could 
therefore not necessarily be expected for other regimes 
of irradiation in which, moreover, speciflo disease 
processes might assume greater importance. 
Although there is approximate independence of 
the timing of the dose for fast neutrons, this is nos 
the case with X- or gamma-radiation, single doses of 
which are some three times ag efficient as doses 
spread over the whole life-time, though in each case 
the dose-response is approximately lineart"*. If 
tho greater lifetshortening efficiency of smgle doseg is 
attributed to a greater efficiency of production of the 
primary intracellular change, and if the dose-response 
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is indeed Imear, then it is difflcult to equate the 
mitraoollular change with chromosome structural 
‘, because the only types of such damage 
which are 5 þroduved more efficiently by singlo doses 
than by protracted doses have a considerable square- 
law component in their dose-response. These arise 
from the interaction of two independently produced 
sites of potential damage, each with a limrted life- 
time, usually of the order of an hour. The 
of the life-shortening dose-response for small single 
doges 1s somewhat uncertain owing to the low accuracy 
of the data. It bas been shown, however, that the 
life-shortening effect of a single dose of X- or gammas- 
radistion is no greater than if the same total doge is 
delivered in two discrete fractions with intervals of 
as much as a month between them (Sacher, G. A, ` 
personal communication); there is no evidence with 
the single dose of the interaction that would be 
expected if ‘two-hit’ chromosome structural damage 
were important. Similarly, the relative biological 
efficiency for life-shortening of fast neutrons com- 
pared with X- or gamma-radiation does not increase 
if the dose is given in several fractions, provided the 
dose-rate during the «ctual irradiations is tho 
same’, These results suggest that the greater 
life-shortening efficiency of single doses of X- or 
gamma-radiation compared with chronic low dope- 
rates is a dope-rate phenomenon perhaps comparable 
with the doge-rate effect for mutations in mice. If 
the primary intracellular process responsible for life- 
shortening is dependent upon doge-rate, then rb 
cannot be equated with ‘one-hit’ chromosom& 
structural damage“. On the other hand, fractions- 
tion of X-ray dose without change of dose-rate has 
in some experiments produced a decreased efficiency 
of life-shortening, either in absolute terms“ or relative 
to the fast-neutron effects. It is known for oells 
generally that there are qualitative differences in the 
spectrum of chromosomal changes produced by single 
and protracted doses of X- or gamme-radiation or 
by single doses of different magnitudes, owing to the 
dependence of the ‘two-hit’ on time of 
exposure and square of the dose. These differences 
might lead to differences in the ensning intercellular 
dynamuice, which ‘ht help to account for some of 
the facte faced, th general, however, the influence 
of possible specific disease procespes requires more 
detailed examination**. Thus the possibility that the 
primary intracellular change is one of chromosomal, 
structural cannot be ruled out. 

The simpler formal model that the intracellular 
cbange responsible for ageing is gene mutation'*.’ 
offers no ample explanation of a poppible doge-rate 
effect for X- or gamma-radiation, or for the large size 
of the ‘doubling dose’. A chronio dose-rate of about 
13 rems/day is required to double the rate of ageing 
in mice™, so that the doubling dose per life-time is 
around 5,000 rems or 1,500 rems as a single doso, 
which as Strehler! points out is about 25‘ times larger 
than the genetic doublmg dose. It may be that the 
site damaged is not part of a chromosome at all; 
agoing in some organisms seems to be primarily 
a cytoplasmic phenomenon*”. 

The bearing of the evidence on the relative biologi- 
cal efficiency of fast neutrons oompered with X- or 
gamma-radiation for life-ahortening qn the nature of 
the intracellular change is ambiguous. The relative 
biological efficiency for single doges** is around 2, 
and for chronic doges*!** around 10. Data on: the 
relative biological efficiency for point mutations are 
not available for mouse cells. Early work on muta- 
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tions in Drosophila“ gave values of about 1 with 
single doses, but more recently values near 2 have 
been found“. The relative biological efficiency of 
single doses of fast neutrons for chromosome damage 
depends on doge-level and the particular type of 


Examples of possible consequences of cell-change 
which would be relevant to ageing are: (a) death of 
at carey ape cells ; (b) reduced competence for 
patimi famo ; (c) auto-immune reactions 

changed and normal cells or between changed 
cells themselves. Burnett’ has suggested that ageing 
may be an auto-immune reaction, and this may 
perbaps be the essential character of what is here 
doporibed as development, and most of the cells of the 
animal may be involved. The cells changed by the 
ee e ee ee 
somo particular class of cells. If induction is a 
process of destruction of a special class of cells, they 
might to the homæœostatio systems postul- 
ated by Burnet“, damage to which beyond a certain 
level unleashes an uncontrollable chaos of reactions 
from auto-immunity leadmg to physio- 
logical deteriaration and finally death. 

The idea of ageing as a grfidual increase in entropy 
was early “by Perks*!, and more recently 
formal treatments have been given in terms of 
information theory ".**. The precise meaning of the 
formalism is not always clear, however ; for example, 
How much of the information in the organism is 
intracellular and how much intercellular ? Would an 
yiealized point mutation in a cell reduce the informa- 
tion of that cell, or is it more important that the 
cell is now differant from ite fellows? The moom- 
pletely .explored distinction between information 
entropy of form and of function'* would seem to be 
important for this question. Tho loss of information 
by the whole organism caused by time and chronic 
radiation may be formially represented : 


— f[(1 + ark] = Hy (5) 


where H, is the initial level of information and H, 
the final level. H, is usually i as the value 
at death, but in my model would be the value at the 
end of induction. Yookey" regards the difference of 
life-span, between individuals as due to genosic 
in the mitial level of information and 
assumes & fixed value for the final critical level. 
. If, however, logs of information due to induced 
differences between cells were the important process, 
po that beosuse of the initial identity of the cells in a 
given individual all individuals initially contained the 
same amount of information H,, the imdividual 
variation might be associated with the final level, 
H, That is, there would be individual differences, 
genetically determined, in the amount of cellular 
disorder which could be tolerated. a a 
is considered by `Quastler*? and Ssilard™, 
is a third poæibility, eendi tee vankin i 
associated with the term in equation 5 which expresses 
the effoct of time and radiation in reducing informa- 
tion. This is ruled out, eo far as radiation is con- 
cerned, by the fact that a single dose of radiation 
produces a uniform shortening of life evan though 
there may be dispersion of mduotion times; for 
example, the shortening of life by a dose in 
LAf, mice is the same in the long-li as in the 
short-lived imdividuals’**, The sesumption that 
individual differences are associated with the final 
rather than the initial level of information is in 
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harmony with the idea of an increasing divergence 
between cells leading to auto-immune conflict. 
Extrapolation between species for shortening of life by 
irradiation. There are several difficulties about extra- 
polating shortening of life by irradiation between 
species, even if it be accepted that the postulated 
intrinsic ageing procege is the same in different 
In § the relative importance of this process and 
the ‘accidents’ in determining the natural life-tame is 
unknown. Further, for any radiation condition other 
than very low dose-rates, highly speciflo processes 
may be important; even for low dose-rates there 
have been reports of a prolongation of mean life-time 
relative to controls'®.t*5#, 


species. This hypothesis has been used as the basis 
of most attempts to derive the shortening of life per 
unit dose in man from data on laboratory animals, 
leading to values from 1 to 15 deys per roentgen (or 
per rem)*.¥.**. In the present model, however, the 
shortening of life per rem, 2, is the ratio of ‘mutation’- 
rate per unit time produced by unit dose-rate to that 


biologically similar ag mice and men, it is conceivable 
that the value of this ratio might be the same, in 
which cage the absolute shortening of life per unit 
dose w be the same, namely, about 0:08 day 
per rem of chronic radiation. A radiation worker, 
for , who accumulated the maximum permis- 
sible life-time dose of 200 rams would then suffer & 
shortening of life of 16 days, instead of a figure of the 
order of a year derived on the alternative assumption. 
[tis of intereat thet tho lifo expectation of padiohtats 
does not seem to have been significantly reduced by 
their exposure to radiation®*. 
I am indebted to my colleagues for permiasion to 
quote some unpublished material. 
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HIGH MACH NUMBER AIR-BREATHING ENGINES 


HE Advisory Group for Aeronautical Research 

and Development, familiarly known as 
AGARD to aseronsutical scientists, is both the con- 
cept and the achievement of one man—eminent 
mathematician im the fleld of aeronautics for so long 
as to have become almost | . Theodore von 
Kármán saw the need immediately after the Second 
World War for some organization in Europe to re- 
create the aeronautical strength of those countries 
which had been, preventod from working in the field, 
and had, indeed, been largely isolated from the very 
rapid development which had then taken place durmg 
the War. 

It was clear that such an organization had to be 
under the oo sponsorship of NATO; but the 
orthodox solution of an international body oomposed, 
largely of officials and the military was not what von 
Kármán desired. Instead, he created what was for all 
practical an international learned society, 
having the great advantage of being supported 
fmancially by a military treaty organization ; 
although dependmg upon that support, von Kármán 
has always insisted on an administrative autonomy 
for AGARD, which has been EA 
for rte scientific independence quality. He 
became ite first chairman and has been unanimously 
re-elected to that post each year since. 

AGARD held ita fourth Combustion and Pro- 
ion Colloquium, on “High Mach Number Air- 
reathing Engines”, in Milan during April 4-8. 

Appropriately enough, the sessions were held in the 
Museum of Science and Technology erected to the 
memory of that illustrious and most famous citizen 
of Milan, Leonardo da Vinci; so, surrounded by 
copies of diagrams from the master’s sketch book 


and working models which showed he had, in any 
event, considered these problems ages ago, some three 
hundred and seventy scientists from moet of the free 
European nations, the United States and Canada 
met for digoussion. The team from the United States 
was extremely strong, and, as would be expected, 
made the largest and most vigorous scientific oon- 
tributions, undoubtedly due, ın part, to a very 
liberal interpretation of the security regulations by 
the American authorities. 

The choice of the subject of high-speed, air- 
breathing engines, m the current fashion for space 
science, is possibly unusual. In the United States it 
appears that official support for research into air- 
breathing engines has largely been terminated in 
favour of the extensive programmes of rocket research 
and development for space exploration. The gigantic 
air-supplying plants at the experimental establish- 
ments of the National Aeronautical and Space Agency 
and the U.8. Air Foroe which were originally built 
for gas turbine and ram-jet research have been almost 
entirely converted into test facilities for rocket 
research. 

It became clear in the opening speeches of the 
colloquium that the above state of affairs was causing 
a good deal of concern in many scientific quarters in 
the United States. Indeed, the first four papers, all 
by Americans, were in the nature of both an apologia 
and an explanation for the choice of subject. Von 
Kármán, in his opening address as chairman, pointed 
out that aithough ane. of the first to advocate the 
missile and rocket applications to flight, he now felt 
that the very enthusasam with which this challenging 
branch of science and technology had been taken up 
was causing an unbalanced programme of research 
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and development. He said that it was not unreason- 
able to expect that, considering the limitations of 
human physiology, the urge for yet faster manned 
flight through the atmosphere would be more attrac- 
tive and more useful than a few space explorations 
using ion or plasma engines utilizing nuclear power 
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the speed of sound, and engineers are considering 
seriously the building of civil airliners which will 
cruise at least aa fast. Well-behaved missiles cruise 
at Mach 10-20, and von Kármán felt that it was in 
the intermediate range of Mach 3-10 that useful 
developments could take place, but only if really 
serious scientific effort was applied to the many 
research problems involved. 
On. the military side, von Kármán said that he 
that future study of the problems 
would show that the role of manned aircraft was, as 
yet, far from being terminated and that the develop- 
ment of vertical take-off techniques would broaden 


deputy chief of development, U.S. Department 
Navy, supported the same view, pointing out “the 
advantages of using an oxidizer, which is there for° 
the asking’. He went on to describe certain broad 
flelds of military bd aap of very high speed, air- 
breathing engines both in missiles and manned air- 
oraft. 


Both the first two speakers said that dev: ta 


of the ram-jet engine appeared to be the likely solution 
at between 


Admiral Ha 
The rest of the programme did mdeed concentrate 
upon the problems of ram jets, apart from one 
sesaion devoted to turbo-machinery. Before this, 
however, there were two more introductory papera by 
Prof. A. Ferri, of Brooklyn Po and by 
M. A. Zipkin and L. M. Nuooi, of the General Electric 
Oo., which were devoted to somewhat superficial 
parametric studies of the different applications of 
ram jeta in both the manned and missile flelds, which 
the authors thought would be important in the future. 
_Ferri pomted out that in certain applications an 
Se eating a chian ta WE Calg eased solace 
while tn others dt ie an alternative to the rocket. In 
the former category he placed transportation and 
tactioal warfare and in the latter a number of minsile 
applicatians. 
In the case of transportation, Ferri said that 
i speed. transit 
time but it also increased the range of an aeroplane. 
He pointed out that a great many of the major 
cities of the world were about 5,000 miles apart, and 
an. aeroplane with such a range would be cammercially 
attractive. It could only be attained economically 
by flying at Mach numbers of 4-8 rather than 2 or 8 
and would use ram-jet engines for cruise, and turbo- 
jet engines designed essentially for the socelerating 
phases. 
at ee ae ee ee a 
payload into orbit; and then landing with 
damage. Saah a vekile would take off ite uae: 
plane using turbo-jet engines, accelerate gently to 
orbital speed under full control in time and position, 
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using ram-jeb engines with subsonic burning in the 
lower range of flight, but ab hypersonio 


speeds the internal flow m the combustion chambers . 


would be supdrsonic. Such a vehicle would weigh 


. between 130,000 dud 400,000 lb. at take-off and could 


place a payload of 10,000 Ib. im, orbit. 
requiring much basic research, Prof. Ferri felt such 
a vehicle would be far more efficient and far more 
useful than present solutions based entirely on very 
large rocket motors. He made a strong plea for a 
small but continuing research effort in the air- 
breathing engine field, pointing out that if not, the 
existing technological ability and scientific baok- 
ground accumulated in many years of work would be 
lost. He considered that a resumption of such work 
at a much later date would necessitate a far larger 
effort. 

Zipkm and Nucci elaborated the theme of oom- 
formance characteristics of present engines and the 
trends of improvements in future ines. Per- 
formance figures from this work were used to 
study a number of applications. 

ee ee ee 
ee ee 
In these systems, the a ec 
supersonic fighter or other very high performance 
aeroplane which would release the final rocket 
at 60,000-80,000 ft. Such systems, on the authors’ 
assumptions, showed gains of as much as 60 per cent 
in the ratio of orbital weight to take-off weight, as 
compared with two-stage rooket systems. It is worth 
noting that the launching structure weight is much 
ee i e Or case, but aince the launcher is 

le, a net saving in cost should ensue 
net arabar of eneak nie wea EN AOAR, togother 
with a much greeter flexibility of operation. since 
satellite launching programmes could be undertaken. 
from conventional airports. This, in itself, would also 
Jead to a much greater choice of initial orbit in- 
clinations. 

The second system studied by Zipkin and Nuooi 
was a composite supersonic , capable of 
transporting sixty passengers 3,500 miles at Mach 4. 
Again, there were two stages and, as would be ex- 
pected, the staged system was about two-thirds the 
weight of a single aeroplane, and leas fuel was oon- 
sumed by the former. This is not a convincing 
example, since a similar, if less strong, argument for 
staging can be applied to present subsonio transports, 
again with similar performance gains. In fact, such 
systems have been tried (for example, the ‘Mayo 
composite aircraft), but have never been attractive to 
operators because of the much greater capital and 
maintenance coste, and of the difficulties of operation. 

The main part of the colloquium dealt with the 

neceasary to develop ram jets up to hyper- 


added by burning fuel in 


are reasonably 
straightforward, since most of the work 
takes place in the intake and exit nozzles, ram jeta 
are extremely sensitive to sean arlene E 
three componenta, otherwise thrust (that is, 
thrust greater than drag) will not result. 
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As speeds increase into the hypersonic regions, the 
difficulties increase greatly. In the first place, the 
stagnation temperatures at hypersonic speeds are 
very high (around 5,000° R at Mach 8), even though 
the ambient temperature of the air ta that associated 
with the stratosphere. There appears to be, indeed, 
a propulsion ‘corridor’. to performance which 
Telates altitude and Mach number, and bordered on 
one hand by maximum stagnation temperature and 
maximum internal working preasure, and on the 
other by minimum pressure for combustion. While 
much can be done to alleviate the temperature 
problem by radiation cooling and by using the 
evaporation of the fuel, there remam extremely 
serious material problems which were discussed at & 
later seesion of the colloquram. It is of interest to 
note that there is the possibility of compressing the 
air externally under a hypersonic wing, and spraying 
fuel into the decelerated flow. In other words, the 
ram jet can possibly be turned inside out with a 
very great gam of radiation oooling. 

The design of an efficient. air mtake for one par- 
ticular hypersonic speed is not difficult. However, 
m any practical ram jet the efficiency must remain 
high over the wide range of speeds and altitudes 
through which the engine accelerates to the cruise 
condition. This necessitates great variations in the 
sbape and area of the intake. Ideally, a continuous 
variation is required, but, in general, the weight 
involved forces compromise solutions. 

In all current ram jets and turbo jete, the air is 
decelerated in the intake to subsonic speed; but in 
the case of the h io ram jet the problem of 
the mtake would be eased if only partial deceleration 
took place. This, petal igh a greater burden 
on the design of the o0 ion chamber since little 
is known about stable combustion in a supersonio air 
stream. 

It is of interest to note that, at hypersonic speeds, 
kinetic energy recovery is a more convenient way of 
expressing the adiabatic efficiency of an intake rather 
than the pressure recovery ratio used at lower speeds. 

Finally, the exit nozzle has also to be designed to 
deal with the same wide range of Mach numbers and 
altitude ag the mtake, and consequently variable 
geometry is once more . There are, how- 
ever, two addrtional difficulties: first, the extremely 
high gas temperatures severely limit mechanical 
solutions. The second diffculty is of a more funda- 
mental nature. The transit time of the ar through 
tbe engine 18 of a similar order to the recombination, 
times of the dissociated products of combustion. At 
present there is a great deal of uncertainty as to the 
amount of recombination which takes place before 
the hot gases leave the nozzle, the difference between. 
the thrust of the equilibrium flow sad the ‘frozen’ 
flow thrust of complete dissociation bemg enough to 
rule out the latter as leading to a useful engine with 
a thrust greater than ite drag. 

It will be seen, therefore, that the development of 
air-breathing engmes for eye eoalon 
throws open new fields of research, in gas- 
dynamics and thermodynamics, which are likely to 
be very fruitful. The authors of the papers which 
followed bad aooepted this challenge, and presented 
a great deal of new and valuable work, none the less 
mteresting because of its controversial nature. 
Indeed, the discussions, which at conferences of this 
nature are not usually very stimulating, were on 
occasion extremely brisk. 
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Both J. A. Drake and C. L. Dugger, of Johns 
Hopkins University, presented papers dealing with 
the ram jet as an entity. The former especially 
stressed the need for additional research effort in the 
determination of exhaust nozzle recombination rates. 
Dugger's paper consisted of a theoretical comparison 
of mic ram jets with subsonic and supersonic 

kolb His calculations assumed that stable 
combustion oan be achieved in supersonic flow, an 
assumption which is open to some doubt on present 
evidence. 

On the basis of equilibrium flow, Dugger predicte 
that a significantly better performance can be 
achieved with supersonic combustion than with sub- 
sonic at speeds in the Mach 8-10 range ; m addition, 
lower combustion chamber pressures and tempera- 
tures may ease the design problems. However, 
making further assumptions about the degree of 
recombination, he showed that when kerosene is the 
fuel, the supersonic combustion chamber must be 
operated at preesures almost the same as in the 
subsonic case in order to achieve reasonable per- 
formance. 

The next session was devoted to two papers by 
J. F. Connors and L. J.°Oberry, of the National 
Aeronautical and Space Agency, and G. H. McLafferty, 
of United Aircraft, describing basic studies on air 
intakes. Intakes with both internal and external 
oom; were examined and the great importance 
of variable geometry in both cases was emphasized. 
It was also shown that difficult viscous effecte 
will be present which will necessitate campticated 
boundary layer control devices for maximum 
performance. 

In logical order, the following seasions were devoted 
to combustion problems and to investigations of the 
reactions taking place in exit nozzles. 

H. Behrens and F. Roessler, of the historic 
rocket establishment at Saint Louis, which is now 
under combined French and German direction, 
described some elegant experiments with supersonic 
diffusion flames, obtained by passing a supersonic jet 
of the hot, but not fully oxidized, gases from a solid 
rocket into air or oxygen. It was shown, that with 
propellants of high heat of explosion stable flames 
were produced with no ignition delay at the first 
shock of the jet, while with propellants of low heats 
of explosion, ignition occurred with a delay, behind 
the first shook. The latter flames became unstable 


ag the heat of explosion of the rocket b 
became less, alth a greater stability was i 
with pure oxygen with air. 


P. P. Wegener, of the Jet Propulsion Laboratory, 
California Institute of Technology, chose the simpler 
and better-known system of a mixture of 
nitrogen. tetroxide and dioxide carried through a 
supersonic norzle with a stream of nitrogen. By 
choice of conditions flows which were either in 
ohemiocel ium or in states between equi- 
librium and ‘frozen’ flow could be obtained, the 
recombination co-efficienta being determined from 
optical absorption or static measurements. 
As was pointed out in the discussion by K. N. C. 
Bray, of the University of these 
experiments gave excellent agreament with his own 
theoretical predictions about non-equilibrium flows 
through c nozzles and shock-wavee. 

E. A. Lezberg and R. B. Lancashire, of the National 
Aeronautical and Agency Lewis Research 
Centre at Cleveland, Ohio, described similar nozzle 


No. 4731 July 2, 1960 © i 
investigations on a much scale using hydrogen} 
air mixtures. In this case rate of recombination 
of the dissociated products of combustion was derived 


recombination may be oocurrmg throughout the 


and P. A. Stern, of the University of California, in 
which the applicability of detonation wave studies to 
hypersonic combustion was investigated. The authors 
pointed out that the very stability of a detonation 
wave makes possible very precise observation and 
measurement, which could lead to an understanding 
of many of the problems in a ram jet, such as, for 
example, the propagation of non dis- 
turbanoces through compreasible and reactive gaseous 
mixtures. 

Detonation waves discovered by the early classical 
work of Berthelot Le Chatelier and others were 
studied from a thermod io point of view by 
D. L. Chapman and E. longo acond tha tani oF 
the century. These workers demonstrated that 
detonation waves are complicated systems of shook 
waves followed immediately by deflagration; and 
later work, by means of more sophisticated instru- 
mentation, has enabled the structure of the wave- 
front to be examined in much greater detail. It is 

ə clear that the team at the University of California 
has made great advances in this fasomating field of 
thermodynamics. 

Not the least useful part of the paper by Oppen- 
heim and Stern was the historical review of earlier 
work on detonations and explosions, together with 
more than two hundred references to other published 
work. The paper may well, therefore, become a 
standard reference m this fleld. 

Following these papers on thermodynamics was 
the only paper on gas-turbine engines, somewhat out 
of context, since the speed-range considered was only 
up to Mach 3, and somewhat unfortunate in that it 
was one of the only two British papers. Neverthe- 
lees, it did reflect the emphasis in Britain of the 
continued importance of the lower Mach number 
range. Prof. J. H. ae ee ee 
Liverpool, presented a very interesting paper 

* the research in turbomachinery which was vie etl 
essential for the development of gas turbines capable 
of propelling aircraft at speeds up to Mach 3. He 
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reviewed the current work on component efficiency, 
stability of compressors, blade cooling and mal- 
distribution in the intake and compressor, all fields 
in which he considered there remamed many prob- 
lems research. 


problems which are certainly not well understood at 
Mach 3, nor was there any reference to the great 
difficulty of dealing with the noise caused by such 
engines, which may be a dominating factor in the choice 
of efflux velocity and relative masa flow. 

Again, this paper contained a very useful list of 
nearly sixty references to the published literature. 

Finally, the last seasion was devoted to the materials 


College of Aeronautica, Cranfield, and by P. Duwez, 
which were remarkable for their similarity of thought 
—indeed, each contained an identical diagram 
relating activation energies for creep, streas rupture 
and self-diffusion with melting temperature. Working 
on these limes, but also ing on a basis of low 
density and high elastic modulus, the advantages of 
tungsten, molybdenum, chromium and beryllium as 

materials were stated. Duwez pointed out 
that since ram jets were constructed mainly from 
sheet, metals were more attractive than cermeta or 
ceramics ; but Murphy and Kennedy streesed the 
surface reactivity of such metals and the need for 
research in surface ive methods, Both papers 
also referred to the use of graphite, with ite very high 
sublimation temperature and its unusual property of 

with 


Duvwez, however, considered that materials research 
would not provide the entire answer to these high- 

temperature problems, and that porous wall cooling 
and ablation would be the aig solution for very 
hıgh combustion temperatures. In the ensuing dis- 
cussion, it was generally felt that the ultnmate limit 
was likely to be an economic one. 

So came to an end an extremely useful and fruitful 
colloquium, which provided an excellent forum for 
vigorous discussions in a relatively new field of applied 
science. As is general with AGARD meetings, the 
contribution of the American workers was both 
massive and excellent. Unusual, however, was the 
rather small contribution from Great Britam, the 

tatives of which were, in general, in the 
position of assimilating, rather than contributing, new 


information. W. Cawoop 


THE PLANT PATHOLOGY LABORATORY, HARPENDEN 
By W. C. MOORE, C.B.E. 


HE Minister of Agriculture, Fisheries and Food, 
the Right Hon. John Hare, formally opened the 
new buildings of the Plant Pathology Laboratory at 
Harpenden, on May 18, im ae 


and a staff of nearly sixty. ‘The Minister recalled that 
the Laboratory, familiarly known for years as “Path. 
Lab.”, waa one of the oldest scientific sections of the 
Ministry. It was founded in 1918 at the Royal 
Botanic Gardans, Kew, and three years later was 


‘N 


transferred to a converted private house m Harpen- 
den. During the next twenty years it had consolid- 
ated ita position as a scientific liaison centre and a 
source of advice on all aspecta of plant diseases and 
pests. The big development of the Laboratory had 
come in the past two decades along with advances 
in the study of crop protection. The Second World 
War had again focused attention on maximum food 
production, and with the need to cut,down losses from 


QB, 


Fig. 1. 


tant link in the complex relations’ which exist to-day 
between science, industry and the farmer. A private 
house was well enough with a staff of ten; bub it 
became more sad more i to as the work and 
staff increased. By 1955 the problem of accommoda- 
tion had become acute. It was then that the Lawes 
Agricultural Trust purchased and leased to the 
Ministry of Works a site of nearly six acres on which a 
new Laboratory could be built, and during the period 
of construction it provided temporary acoommoda- 
tion for a substantial part of the overcrowded staff. 
The new building lies on the periphery of the 
Rothamsted Experimental Station campus and ite 
design is well adapted to the functions of the Labora- 
tory, which are i still of a liaison, nature. 
For example, the Laboratory co-ordinates a system 
of intelligence, survey and forecasting work on plant 
dinasen and poste, a and this involves almost daily 
contact with the regional plant pathologists and 
entomologists of the National Agricultural Advisory 
Service. Ib provides the scientifio basis for the 
administration of regulatory work involved in the 
import and export of planta, m the mternal spread 
of dangerous plant diseases and pests, and in official 
crop certification schemes for potatoes, fruit and hops, 
all of which is done in the closest collaboration with 
the Ministry’s Plant Health Branch, the National 
Agricultural Advisory Service, and the Plant Health 
Inspectorate. It also works closely with the chemical 
industry in so far as it acte aa a clearing house for 
information on the toxicity of insecticides, fungicides 
and herbicides to man, animal and plant, and houses 
recently set up to grant official approval to biologically 
efficient proprietary chemicals used in crop protection, 
and to replace a somewhat similar scheme that had 


RPE agains efi The 
Laboratory also and. under regular 
revision the Mini s advisory leaflets and bulletins 


research on problems arising out of administration. 
Collaboration in the work of imter-governmental 
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General view of tha Plant Pathology Laboratory, Harpenden, from the reer. (Photo by R. 0. Large) 


organizations such as the European and Moditer- 
ranean Plant Protection tion, the Western 
European Union and the Food and Agriculture 
Organization has become an important feature of ite 
activities ta ca Se decade. bd 
The new building does little more than socom- 
modate the present staff of sixty, including thirty-five 
plant pathologists, entomologists and chemists ; but ite 
construction and L-shaped design are such as to allow 
for ready expansion. The spacious entrance hall gives 
access to two corridors along which the laboratories 
and PRGS for plant pathology and crop protection 
are arranged on either side. `The third 
at for agricultural entomology, and the 
ee a ee 
The chemistry wing has a flat re-inforced roof to 
allow foe feet Hoos extension: About thirty of the 
rooms are designed to serve the double purpose of 
office and laboratory. In addition, there are two 
chemistry research laboratories, three air-conditioned 
Tooms and a laboratory for experimental work on 
AIE E S p AE Isboratories for mycology, , 
bacteriology (including the housing 
PEA the pA Collection of Plant Pathogenic 
Bacteria), a combined conference and training room, 


The two chemistry laboratories aro identical in 
design, and are intended for the chemical evaluation of 
formulations in one, and of pesticide residues on crops 
in the other. To save wall space each is virtually 
divided into two by a central peninsula of four fume 
cupboards equipped with separate speed-controlled 
exhaust fans and external sir intake fans, thus 
avoiding warm air being sucked out of the room. 
Titration benches and laboratory soaffoldmg with 
lateral service occupy the ends of each labora- 
tory. Hot cold water, electricity, gas, vacuum, 
compreesed. air, distilled water, carbon dioxide and 
nitrogen supplies are fed to the working benches 
and unita from a service duct under the central corri- 
dor. Between the two laboratories are the balance 
and electrical equipment rooms housing s spectro- 
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methyl bromide fumigation of seeds and continuing 
ee ee eee 
plant species. A large general-purpose laboratory is 
intended to be used for gas analysis studies and for 
the biological aspectes of the work. In the three air- 
conditioned rooms temperatures can be controlled 
between 5° and 30° O., and high relative humidities 
can be maintained, in order to be able to simulate 
some of the conditions which obtain practical 
plant quarantine work. One room will house a 1.500- 
litre steel fumigation chamber for plant toxicity 
studies and for work on vacuum fumigation tech- 
niques, while the other two will be used for small-scalo 
studies on the sorption of fumiganta by seeds and for 
the rearing of insect pests. 

Ancillary buildings adjom the main laboratory. 
Tho glaashouse block includes insectaries, glasshouses 


Mr. H. W. Robinson 


H. W. Rosnvson, who died suddenly on April 22, 
was & familiar and much-consulted in the 
Library of the Royal Society, with which his sasocia- 
tion was so long, so close and go valuable that the 
logs seems irreparable. He was born on March 28, 
1888, in Wood Green, a part of London with which 
he was closely associated all his life, being in many 
ways & prominent local figure, held in affectionate 
regard by the residents: He joined the staff of the 
Royal Society in 1902, as a boy of fourtean, and soon 
became particularly sasociated with the Library, of 
which he was appointed assistant librarian in 1930 
and librarian in 1085. When, at the age of sixty, he 
retired from this post, his services were retained 
the Society to assist in editing the Newton correg- 
pondence, of which, happily, he was spared to see 
the a some months ago, of the first of the 
* seven volumes that are anticipated. With this work, 
to which his contributions were a model of olarity 
and scouracy, he was prominently agsociated until 
tho day of his death. 


a pelf-taught soholar of considerable attainmenta, 
whose specialised acquaintance with many branches 
of the history of science was remarkable. He was 


manuscripts other than those in the Society's pos- 
session, at the disposal of studenta of the history of 
science, inol many from abroed who made use 
of the Library, and frank acknowledgmenta of his 
generous and valuable aid are to be found in many 
important publications. With Prof. Harcourt Brown 
a D. M. MeKie he founded the Annals of 
otence and he took a prominent part in founding the 
British Society for the History of Science. 
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of a total area of 2,000 sq. fb. divided into a number of 
apa ee ee Cn aes pe ca at ot An a 
inoculations, and a working area with potting bench, 
ete. Ventilators are protected by removable metal 
gauze panels, so that any compartment can be made 
Enid pont The visus disease section has additional 
forced fan ventilation. The bench tope are concrete 
troughs so that the planta oan be watered by sub- 
Irrigation. The glasshouses are heated by smali-bore 
aoa Pipes and electric fan heaters, 
both thermostatically controlled; and there are 
facilities for supplementary lighting when required. 
The ancillary buildings also include a room specially 
designed for washing soil samples to determine pest 
ene of soils, and a pest asseasment sample 
Been O TOPE $0 deed Sennen Tee Bente 
of experimental yield samples a and fo 


Engineering, has been installed along with other 
equipment, including a semple dryer Aa aa dea 
with web samples before threshing as well as grain 
after threshing, and a modified small commercial grain. 
cleaner. 


OBITUARIES ; 


He was perticularly well acquainted with 
events of the early days of the Royal Sosisty. 
et bs cin ei eatin aes oe 
Hooke: he identified aa written by Hooke the diary 
in the British Museum that bad always bean attributed 
to James Petiver, and, in conjunction with Walter 
Fe oie Iho ieee saree eee , in 

ion of Guildhall Library, which waa 
Rabie noe Reference has already been made 
to his exceptional knowledge of tho correspondence 
of Newton and his contemporaries. 

Robinson was a most friendly man, who knew his 
own mind and inspired confidence. He was devoted 
to the Society, which he served for fifty-eight 
the repaid his devotion with a 


thus continuing the association 
which Robinson himself so me represented. 
pa O. ANDRADE 


Mr. J. R. MacCabe 
Jack R. MacCann, a familiar figure to the many 


Born at Edmonton, Canada, on May 4, 1914, he 
entered the University of Alberta in 1980. Two years 
later, he went to MoGill University, Montreal, where, 
by 1987, he had taken his degrees of bachelor of 
science and master of science (natural sciences), 
while working as a demonstrator and lecturer in 
physiology at the University’s Faculty of Medicine. 

ack MacCabe went to Europe soon after 
at Mo(ill end comtanod medical and biological studies 
and research at the University of Munich, up to the 
outbreak af the Second World War in 1089. When 
he arrived in Switzerland, he found,a position as a 
lecturer. at the International School and at the 
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Interpreters’ School of the University. of Geneva, 
where he remained. until 1044. In the meantime, in 
1942, he had joined the staff of the well-known 
aviation magazine Interavia and, m 1951, became 
executive editor of ita “Air Letter’. 

In September 1955, he joined CERN (European 
Organization for Nuclear Research) and eventually 
became senior information, officer. His considerable 
energy and inteligence were used to good purpose 
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in meeting the thirst of the informed public for more 
information about the Organization and in brmging 
CERN’S existence and achievementa to the notice 
of the lay press and public. He was extremely 
successful in putting across to visitors the philosophy, 
the technology and the science of CERN, and his 
broad outlook and his pleasant personality had won 
him countless friends among the many visitors to the 
Organization. 


NEWS and VIEWS. 


Wolfson Research Professorship of the Royal 
Soclety : Dr. Dorothy C. Hodgkin, F.R.S. 


Da. Donoray Hona has been appointed by 
the Council of the Royal Society as the first holder 
of the Wolfson research professorship, endowed by 
the Isaac Wolfson Foundation. Dr. Hodgkin gained 
recognition as an expert in X-ray orystall phy 
early in her career, while still working with Bernal, 

contributing frequently to the orystallography section 
of the Chemical Society’s Annual Reporte from 1933. 
Educated at Somerville College, Oxford, she returned. 
there as chemistry tutor; later she was appointed” 
as University reader in X-ray crystallography and 
became a Fellow of the College. Academic distinc- 
tions came quickly—honorary D.Sc. of the University 
of Leeds, election in 1947 ag one of the small handful of 
women, Fellows of the Royal Socisty, and a Royal 
Medal of the Society in 1056. Bhe is also a foreign 
member of both the Netherlands and the U.S. 
Academies of Sciences. Instead of choosmg between 
career and family, Dorothy Hodgkin has made a bril- 
liant success of both, with three children and one 
grandchild to her credit, besides being a charmingly 
* informal hostess. With the help of devoted groups of 

repearch students, she has contributed much new 
knowledge to her chosen fleld of X-ray crystallo- 
graphy. More significantly, however, she haa forged 
ahead in seemingly impoasible directions with the 
investigation of ever more complex biological mole- 
culee—caleiferol, cholesterol, penicillin, a virus, and 
finally vitamin B,,. With intuitive insight she can not 
merely extract the utmost information from & complex 
round of calculations, but can also make the next 
round uncannily informative by inspired predictiona. 
As repearch professor she will romain at Oxford to 
continue this work. 
Barnard Medal of Columbia University, New York : 
rof. |. 1. Rabi 


Psor. I. I. Ras, Higgins professor of physics at 
Columbia University, New York, has been awarded 
the Barnard Medal for 1960 for ‘meritorious service 
to science’. The award, every five years 
by the Trustees of Columbia University, is made on 
the recommendation of the U.8. National Academy 
of Sciences. Dr. Rabi was born in Rymanow (old 
Austria-Hungary) in 1898. He graduated from 
Cornell University in 1919 with a bachelor’s degree 
in chemistry; he received his Ph.D. m physics 
from Columbias in 1927. He has taught at Columbia 
University since 1929. In 1940 Dr. Rabi and a group 
of physicista organized the Radiation Laboratory at 
the Massachuastia Institute of Technology; the 
laboratory was devoted to the development of radar 


for military purposes. Hé was awarded the Nobel 
Prize for physica in 1944 for the general application 
of the resonance method to the magnetic i alias 
of atomic nuclei. During 1952-56 he was chairman 

of the general advisory committee to the U.8. Atomic 
Energy Commission. He is a member of the Presi- 
dent’s Science Advisory Committee and was chamrman 
in 1957. 

The Barnard Medal was ostabliahed by the will of 
the late Dr. Frederick A. P. Barnard, president of 
Oolumbia University during 1864-89. It i preria 
to “‘tho person, if any, whether a citizen of United 
States or any other country, who within the preceding 
five years has made such a discovery in physical or 
astronomical science, or such @ novel application of 
science to beneficial to the human race, as 
in the judgment of the National Academy of Sciences 
of the United States, se esteemed most worthy of 
such honor’. Former Barnard medallists inalude 
Albert Einstein, Niels Bohr, Enrico Fermi, Frédéric 
Joliot and Mme. Irène Joliot-Curie, and M. A. Tuve. 


United Kingdom Sclentlfic Mission In Washington : 
Dr. H. T. Hookway 
Ds. Harry T. Hooxway has been appointed 
director of the United Kingdom Scientific Mission m 
Washington, D.C., and scientiflc attaché at the 
Britiah Embassy there. He will succeed Mr. E. 8. 
Hiscocks, who is returning to Britain in the autumn 
on completion of a three-year tour of duty to become 
director of the Tropical Producte Institute. Dr. 
Hookway, who is thirty-eight, is the assistant 
director of the National Chemical Laboratory, where 
he has been, since joining the of Scientific 
and Industrial in 1949. He is well known 
for his work on polymers, ion-exchange resins and 
salme-water conversion, and was the United Kingdom 
representative on the International Steering Com- 
mittee for Co-operative Research in Hlectrodialysis 
(the purification of brackish water) i Gating 1953-58. 
Educated at the Trinity School of Jobn, 


additives, before Toti, in 1947, lecturer m 
organic chemistry in Battersea Polytechnic ee the 

Bean College of Advanced Technology), where 

he obtamed his Ph.D. in 1949. 


Selsmological Observatory, Wellington, N.Z. : 
Mr. R. C. Hayes 
On May 31, Mr. R. O. Hayes, supermtendent of 
the Seismological Observatory, Wellington, New 
Zealand, retired after forty years scientific work in 
the N.Z. Government service. He jomed the staff of 
what was then the Hector Observatory in 1920, and 
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worked under the late Dr. C. E. Adams until 1936, 
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Observatory ita name, and Mr. 
Hayes became director. title was changed to 
i when the O 


instruments 

Samoa to Scott Base in the Antarctic. He has 
pioneered many branches of_seismological work in 
the south-west Pacific, publishing papers on deep- 
focus earthquakes, crustal structure, ground tilting, 
end the general seismicity of the region, as well as 

ing the responsibility for a growing burden of 
edad wc aaa aed the staff to 
deal with them. He was the first to direct attention 
to the appearance of the SoS in seismograms, 
and to ite usefulness as an indicator of focal depth. 
The work of the Observatory also meluded the 


took the organization of the N.Z. latitude and 
longitude programmes. He made many of 
es ee a a 
as un programme in seis- 
mology. Observational astronomy has been an 
important spere-time interest, and for many years 
Mr. Hayes carried out regular sunspot o 

from his homo ab Karori. He also made a oòmplete 
sweep of the southern heavens with a 4-in. refractor, 
and compiled a catalogue of all the nebulw, clusters, 
and double and coloured stara visible through it. In 
addition to his scientific interests, Mr. Hayes is a 
keen musician and a church organist. 


Crystal Physics at Cambridge : 
Dr. W. A. Wooster 


A FAHHWHLL dinner was given on June 10 by Prof. 
C. E. Tilley, head of the Department of Mineralogy 
and Petrology at Cambridge, to mark the retirement 
of Dr. W. A. Wooster. Invited by the late Prof. A. 
Hutchinson to start courses for undergraduates in 


: have formed s good basis for the 


modern science of . Dr. Wooster has pub- 
lished two books, “A. Text-book of Orystal Physics” 
and “Experimental Crystal Physios”, the latter of 
which has been translated into four foreign 
ing the War, in collaboration with his wife, 

Wooster established a private laboratory where it 
was posible to make some contribution to the 
national needs in comnexion with diamonds and 


developed methods of determining the elastic oon- 
stants of orystals. Dr. Wooster intenda to do 
research work in his own laboratory and to continue 
his efforts for international co-operation im science 
through the -World Federation of Scientific Workers. 


N A T U R E 
. Mullard Cryomagnetics Laboratory at Oxford 
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of iron-free large 


magnotio faldo over funy Targo volumo as boen 


cooling in 1956. Ab present the magnets 
give fields up to 50 kilogause over a volume of 500 am.*, 
and are used at four ‘stations’, two of which, owing to 
the serious overcrowding of the Laboratory in all 

are housed in a lean-to shack. A much- 
needed extension of the Simon Buildmg has been 
Tara Dooble b7 o gatorna eae aC tis 
Mullard Oo., together with grants from the Oxford 
University Higher Studies Fund and other University 
sources. Two floors of this extension will be devoted 
to the high magnetic field work, and will be known 
aa the Mullard Oryomagnetics | ae eee Seven 
magnet stations are planned, with flelds up to about 
120 kilogauss. These will be used for further develop- 
ment of nuclear orientation and nuclear cooling under 
the direction of Dr. N. Kurti, reader in physica, 
together with work in the field of solid state physics 
antiferromagnetics and 


The Royal Society of Edinburgh 
To help visitors to the Library and Museum of the 


Walter Scott, who was the only dent 
ever to hold office; Sir James ‘Tait, se Davia 
Brewster, whose mathematical career was dogged by 
his ‘heretical’ religious views ; Lord Kelvin, president 
on three occasions; Sir Alfred Ewing, who built up 
the school of engineering at Oambridge; Thomas 
Stevenson, a member of the famous family of light- 
house engineers and father of Robert Louis Stevenson ; 
the famous botanist, Prof. F. O. Bower; Sir Edward 
er ee whose method of resuscitation 

Pa he ee e a 
adopted ; and Sir D’Arcy Wentworth oo 
“so versatile that he could speak acceptably on 
almost any subject, even in an age of specialiste”. 


Humphry Davy, Dawid Hamo G 
Berzelius, Lord Raleigh, Sir Joseph 7 
Thomson; they reveal the debt which the world 
owes to the Royal Socisty of Edinburgh. Portraits 
of the first four presidents illustrate the paper. 


- The European Federation of Corrosion 


Tus British Association of Corrosion Engineers has 
been elected a member of the Federation 
of Corrosion. The object of the Federation. which is 
a non-profit making union, is to ote European 
co-operation in the fleld of research on corrosion and 
methods of combating it for the benefit of the com- 
munity at large. Membership of the Federation is 
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restricted to EEA technical 
and scientific societies the activities: of which are 
connected with the field.of corrosion or the protection 


of materials. -The Federation seeks 'to -achieve its: 


objects by convening joint Europeazt meetings for the 
discussion -of subjecta of interest ; by con- 
vening meetings of working 
of specific problems; by the creation of working 
groups for investigating special problems; by the 
organization of study trips; and by other means. 
The General Secretariat of the Federation.is managed 
jomtly by the Dechema in Frankfurt a.M. and the 
Société de Chimie Industrielle in Paris. 
The British Association of Corrosion Engineers was 
formed last year (see Nature, 183, 1779; 1959) 
to promote the dissemmation of technical 
information about corrosion matters ; to develo 
free interchange of information am 
end to promote such educatianal and ollie faa facilities 
as may required for the establishment of corrosion 
ing as @& recognized profession. Individual 
membership (two guineas a year) is open to everyone 
interested and associated with corroaion engineering. 
The address of the Honorary Secretary is 97 Old 
Brompton Road, London, §.W.7. 


The British Hydromechanics Research Assoclation 
THe twelfth annual report of the British Hydro- 
mechanics Research Association covers the year 
October 195 1959, in which the member- 
ship increased by 14 to 89 ordinary and 104 associate 
members. Brief summaries are given of some of the 
research in progress, the construction of a 
. new apparatus for testmg mechanical and radial-face 
seals, an attempt to explain the sealmg mechanism 
of fabrio-rubber seals far reci shafta, and a 
study of the effects of internal leakage pre ee 
centrifugal pumpe through neck aara a 
with a modern design of u an showed an 
velocity measurementa in a poker discharge- 
duct at equidistant pointe in the cross-section gave 
resulte 2-7 per cant or more too high.” Work is also 
complete on model testa for the National Coal Board 
to study flow-conditions and determine pressure 
loages in. gallery-type fan drift junctions and shaft 
mets, and experimental work has been completed 
on the influence of size distribution on the flow- 
characteristios of liquid/solid mixtures, where the 
solid particles are larger than about 100 mesh. The 
National ical Laboratory electronic simulator 
has been to mvestigate surge problems associated 
with the design of the siphon draw-off tower for 


Tryweryn reservoir, and the ilities of de- 
priming a siphon while passmg & discharge were 
also examimed. Results have been obtaimed for the 


fatigue of four flexible high-pressure hoses, and work 
continued on a model valve for automatic control 

. As a regult of teste on a model of the four 
tidal gates and diversion channel, and on another 
large model of one pair of gates for a new tidal outfall 
Pr ae ae ie ca oe 
ir at Birkenhead, a silt deflector and other 
hydraulic improvements have been added to the 
original design and gates calibrated aa e means of 


measuring river flow. 

Mediea!l Research In France: the Parts Hospitals 
French Sotence News (No. 1, 1960, January-March) 

includes a special article on medical research in the 

Paris hospitals,’ covering both the more or less 

autonomous organizations such as the Pasteur 


ies for the diacussion . 
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‘Institute, the Cancer Tistitute, the National Blood 


Transfusion Centre, the Atomic Energy Commission 
at Saclay with the d'Orsay. Hospital and laboratory 
and the research centres set up within the Hospitals 


` of Pubho Assistance. These hospitals include about 


twenty research ‘organizations which héve the 
advantage of beitig in intimate contact with the 
patient any time’ it ig necessary. Bome of these 
cehtres have been grouped since 1955 into the Claud 
Bernard Association, founded in June 1953, to facil- 
itate the development of medical and biological 
research in these hospitals’ .The article outlines the ` 
organization and orientation of research in these 
various centres, mcluding: the leukemia and blood 
disease research centre, the research centre for the 
medical application of isotopes, the allergy and 
immunology research centre, the renal insufflciensy 
research centre, the centre of immruno-pathology, the 
biological research centre for new-born infante, the 
neurophysiology, the pharmacological, the experi- 
mental surgery, and the cardiological research centres, 
the gerontological centre, the medical bioch 
research laboratory, the laboratory for medical bio- 
chemical research, the neurorespiratory revival 
centre of the clinic for infectious diseases, the clinic for 
medical and social rheumatology, the dietetic and 
human nutrition research unit, and the gastro- 


*enterological research centres, Saint-Antoine and 


Bichat Hospitals. 


Darwin’s Notebooks on Transmutation of Specles 


In his ‘First Notebook”, on transmutation of e 
species, Darwin satisfied himself that it had occurred 
when populations were isolated and no longer able 
to prevent variation that resulted from sexual repro- 
a ia posi Tn ee ee et 

pe poe tion. In this way varietios 
pa gi split the species and eventually 
become species themselves, while old species become 
extinct, thereby mereasing the separation between 
surviving species, many of which after being split 
into daughter species become genera. In his “ d 
Notebook”, which representa his: train of thought 
from the beginning of February until the first half of 
July 1888, Darwin was already concerned with the 
problem of expressing his views on paper and gave 
himself instructions for presenting his theory. Like 
the “First Notebook” (see Nature, 185, 580; 1960), 
the “Second Notebook” has been edited by Sir Gavin 
de Beer and issued with explanatory notes (Bulletin ` 
of the British Museum (Natural History). Historical 
Series. 2, No. 3: Darwin’s Notebooks on Trans- 
mutation of Species. Part 2. (February to July 1838.) 
715-118. (London: British Museum (Natural 
), 1960.) 18s8.). The “Second Notebook” not 
akea DN A ansthods of cresenting He 
theory but, incidentally, gives his views on slavery, 
education, and “the improvement of women”. 


English Rural Life 


Tre report of the Museum of English Rural Life 
for 1959 is, as usual, far more than a formal state- 
ment (pp. 22, 5 plates. : Museum of English 
Rural Life, The University, 1960. Is.). This Museum 
in the University of is stil engaged in its 
threefold task of collecting aN joata Bock the sountey- 
side, accumulating a library of documentary informe- 
tion and carrying out research on the material 
acquired. The Museum is, however, concerned that, 
owing to lack of financial support, it is not possible 
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i aT a on oollecting and’, 
ons to optain informatio when so. 


recording’ axpediti 
much detail is being lost almost daily. A voluntary,‘ 


this century, oe te ee 
tion. with- milk and its producta, 
have 


eee, eee one eaters et 
and machines far rémo from the original 


New Principle In Weaving 


Tu first new basic principle in the weaving of 
woollen and worsted cloth to be introduced since the 
Middle Ages has recently bean announced the 
Wool Industries Research Association (Wool 
tries Research Associatiog. Report of the Director 
of Research for. 1959. . 89. Publication No. 214. 
Headingley, Leeds: ‘ool Industries Research 
Association, 1960). Since foot-power looms’ were 
first used, the warp threads have been raised and 
lowered ing to the required ; the weft 
haa been shot across and beaten into place by the 
‘reed’ and the selvedges of the cloth have been main- 

* tamed at their proper width by the ‘temple’. Ever 
since that since the introduction 
of power looms at the end of the eighteenth century— 
the stram on the warp threads due to beating-up of 
the reed has been a common cause of the threads 
breaking. The new imvention is the full-width 
temple of the Wool Industries Research Association, 
which not only maintains the width of the cloth 
during weaving, but also vi relieves the warp 
threads of all extra strain due to the beating of the 
reed. The new temple holds the oloth firmly scroas 
ite whole width about a quarter of an moh behind 
the place where each new pick is inserted. The 
essential principle ia that the weft is forced into its 
proper place by means of a reduction of the tension 
in the cloth rather than an increase of the tension in 
the warp threads. 


The Library Association 


Baez its reference to a made by the 
Library Association to the of Education, 
requesting the introduction of legislation to implement 
recommendations of the Roberta Report, the annual 
report of the Association for 1059 deals with several 
matters of mterest to the scientist and technologist 
London: Library Association, 1960). A 


a Jake ora ths A regarding 
the scope and organization of the National Lending 
Library for Science and Technology. It was 

that the professional staff of the Library should be 
chartered librarians 


iera ae A strong protest was 
Department r i 


suntan: Os dan eect A ee ba es ee 
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Jab sha tiea veto: cine mands et Hie avalon Ge 
the Department. Representations’ were made to the 
_ Publishers Association regarding 


an ‘increase in the 


rata of s 


report of 12,686, of which 
1,184 are institutional and 3,601 Associates and 1,601 
Fellows on the Register at December 31, 1959. 


Bibliographical Citation 


A SHOORD edition of the articles by O. C. Barnard, 
“Bibli i Citation”, first published in The 
Librarian in 1950, has now been isened to facilitate 
even wider circulation (Bibliographical Citation. By 
Cyril 0. Barnard. Second edition. Pp. ii+20. Re- 
printed, with revision, from The Isbrarian, May, 
July and 1950. London: James Clarke and 
Co., Lid., 1960. 2s. 6d. net). These notes embody 
the resulta of Mr. Barnard’s own long experience and 
of his critical study of what has been written on this 
subject. The purpose of lista of references, biblio- 
gzephies and of reading lista ia clearly distinguished, 

i ee a 

are likewise separately. On the 
subject of abbreviations for periodicals, Mr. Barnard 
writes cogently and logically, and for this section alone 
his pamphlet merits attention by every scientist who 
is concerned with the citation or location of such. 
references. Elementary as the four canons enunciated - 
by Mr. Barnard appear to be, they are not always 
observed even by learned and professional socicties, 
particularly those canons relating to ambiguity and 
to the order of words. These canons prescribe that 
the abbreviation should be: (1) readily intelligible 
without the use of a key ; (2) free from ambiguities ; 
(8) fall enough to enable a reader to find the fall title 
in an ical list of periodicals ; rie ia a 
the same order of words as the original titl 6. Finally, 
Mr. Barnard gives some guidance to authors on the 
Paaphot o of citations im liste. This scholarly 
could well be widely used in technical 
eges and universities to check the wi 

i eet Ga a a 
too many graduates appear to acquire as students 
and maintain uncorrected in their professional life. 


A Revised Geological Time-Scale 

THRoveHour the past year, in the “ahr ice of 
Nature and elsewhere, there has been keen discussion 
an the geochronology of the fossiliferous formations. 


full arguments favouring “A Revised inar toe: ses 
f. 


Holmes (Trans. Edinburgh Geol. eis 17, ica 1960 ; 
preprint, price 3s. 6d., published by Oliver and Boyd, 
Edinburgh). On this soale the geological periods 
open at the following dates: Cambrian, 600 + 20; 
Ordovician, 500 + 15; Silurian, 440 + 10; Devonian, 
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400 + 10; Oarboniferous, 350 4+. 10; Permian, 370 + 
5; Triasmo, 225 +°5; Jurassic, 180 + 5; Cretaceous, 
185 +5; Tertiary, 70 + 2 million years. | A con- 
temporary review of much the same data, on ‘ 

of Radiogeology”’, has been published by ee C. F. 
Davidson, (Liverpool and Moamohester Geol. J., 2, 
311; 1960); and another comparable analysis of 
“The Distribution of Mineral Dates in Space and 
Time” has been made in California by Dr. Gordon 
Castil (Amer. J. Sotenoe, 268, 1; 1960). Although 
in North America the various dated orogenies exhibit 
a crudely concentric pattern with the dates 
outwards, similar arrangements have not been found 
elsewhere. On the contrary, the age determinations 
from Africae, Australia and Eurasia are in direct 
conflict with the much canvassed hypothesis that the 
continents have accreted around nuclei of green- 
stones (see also p. 34 of this issue). 


Brain 


A Beomyr issue of Brasn (88, Pt. 1), a journal of 
neurology, inchides two communications on the 
muscular disease myasthenia gravis, one by E. R. 
Bickerstaff and A. L. Woolf and the other by Violet 
MacDermot. In both studies, biopsy specimens of 
muscle from patients were used and the nerve 
studied, followmg vital staining with methylene blue. 
Histochemical methods for demonstrating the distri- 
bution of cholinesterase were also used by the first 
authors. In both communications, photomicrographs 
or drawings show that in the muscle of patiente 
there is an abnormahty of the distal nerve fibres 
with an unusual pattern of nerve branching. Elonga- 

. tion of the motor end-plates was a regular findmg. 
These changes were found in muscles in which the 
classical staining methods showed no sbnormality 
of the non-neural tissues. The authors were unable 
to establish any definite correlation between the 
observed changes and the disorder of neuromuscular 
transmission, though they make a number of cautious 
suggestions regarding the possible nature of the 

defect in this disease. Another communica- 
tion (by R. A. Taylor) describes an unusual family 
in which, through five generations, certam members 
have shown attacks of acute neuritis, usually brachial 
in location. Of 119 individuals, 23 per cent of the 
males and 22 per cent of the females were affected 
by the oondition, which, the author considers, is 
transmitted by an autosomal dominant gene with s 


high degree of penetrance. 
Chromosome Numbers in Amaranthus 


Ix further studies of the genus Amaranthus, Prof. 
W. F. Grant (Canad. J. Genet. Oytol., 1, No. 4; 
1958) has reported on the chromosome numbers for 
30 species. These taxa represent approximately 
two-thirds of the described species. With the excep- 
tion of one tetraploid species (A. dubtus, 2n = 64), all 
the species are diploid, and somatic chromosome 
nambers of 32 (14 species) and 34 (15 species) are 
found in all sections of the genus. The genus is thus 
characterized by two besic chromosome numbers, 
namely, 16 and 17, which are found with equal 
frequency in the different taxa. In contrast to 
aneuploidy, euploidy has contributed very little to 

iation within the genus. Chromosome number 
E R for two natural hybrids of which one 
is considered to be the result of triple hybridization, 
namely, A. oruemtus (2n = 84) x A. hybridus (2n = 
32) = hybrid (2n = 32), and A. oruenius (2n = 34) 
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x A. powellsi (2n = 34) x A. retroflevus (Qn = B4) = 
hybrid (2n — 32) have indicated differences in chromo- 
some numbers between the putative parente and the 


` hybrids. A survey of the natural interspecific 


hybrids reported in the literature mdicates that at 
least half the species of the genus have been 
involved in hybridization. Natural interspecific 
hybridizatzon and aneuploidy are considered aa the 
major factors which have lead to species variation, 
speciation, and to the taxonomic complexity of the 
genus. 


Electronic Figure Reader 


Toa EMI Co., Ltd, has recently held a series of 
public demonstrations of ita ‘gure reading electronic 
device —Fred. This is a relative newcomer to the 
field of machimes which are able to read directly from 
printed characters; but, because it uses a specially 
designed type face, it is unlikely to provide a general 
solution to the preasmg problem of direct imput to 
data processing machines. Nevertheless, for the more 
limited objective of cheque sortmg for the banking 
industry, this new British development is likely to 
have a considerable future, particularly m view of the 
fact that an accurate arrangement of the doouments 
ig unnecessary. 


Sclence and Falth 


“Qumetions of Science and Faith” is one of a 
series, ‘Foundations for Faith”, likely to appeal to 
those who have reached the final stage of their school 
course or are in the early terms of their miveraity ° 
studies (pp. 68. London: The Tyndale Presa, 1960. 
2s.). A short bibliography is added for any who wish 
to pursue the subject further. Proa aa a Bn 
chemist, Dr. Hawthorne covers most of the points 
raised by studenta genuinely interested in the validity 
of the Christian faith. aro removed 

the so-called conflict between science and 
religion. The Bible, creation, the origin of life, and 
miracles, are some of the themes imoluded im this 
short survey. It is to be commended for ite olarity 
and is a weloome addition to the growing volume of 
literature which seeks to view the world of science in 
ita relation to the realm of the spirit. 


Royal Meteorological sa 

. F. Richardson Prize 

THe Council of the Royal Meteorological Society ` 
has decided to institute a new award, to be known 
aa the L. F. Richardson Prise, for the encouragement 
of research by young meteorologists. The Prize will 
consist of £25 together with a book, and will be 
awarded for meritorious papers contributed to the 
Society's Quarterly Journal by members who were 
under the age of twenty-sight at the time the papers 
wore submrbted for publication. It is mtended that 
the award shall be made annually, subject to the 
attainment of certam standards. The full regulations 
for the new award will be pri from time to time 
in the Society's Quarterly Journal and in ita monthly 
magazine, Weather. 


Training Grants In Plastics Technology 


APPLICATIONS are invited from young men and 
women now working in the plastics industry for a 
limited number of trainmg grants towards the cost 
of full-time study on an approved course leading to 
a degree, diploma or other equivalent qualification in 


-of Rochester during A 
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acionce or technology,’or in dustrial design. The 
granta are to be awarded by the trustees of the 
Plastics Industry Education Fund and will be made ` 
for periods of one year at a time. The value-of the ` 
Bee ae eTa Der ve eer ce OU Appli- 
ee Oe Secretary, 


- No, 4731 


International Conference on High-Energy Physics 


Taa tenth annual international conference on - 


eee Geek ee 


Pakistan, Israel, Mexioo, Turkey, Yugoslavia, Argen- 
tina, Poland and Greéce. „Tho U.S.S.R. has signified 
ite intention of sending a 40-man delegation. One 
of the most important aspecte of the Conference will 
be the first official reports on activities of the new, 


Blology of Space Travel 


Tan Institute of Biology is arranging & symposium 
to consider various biological problems connected 


with space travel. It will be held during September 
20-80, and the topios to be considered will include : 
tho possible existence of some farm of life on other 


ships ; Taal: 
with the choice of per- 
sonnel for oondibiong of solitude and oanfinemenb. 
Further information can be obtained from the 
General Secretary, Institute of Biology, 41 Quean’s 
Gate, London, 8.W.7. 


Announcements 


Ein ee ae 
year 1960-61 of the Balters’ Oo Mr. 
R.S. H. 
Todd ; Second Warden, Mr. T. G. Hicks. 


Ds. W. R. AYKROYD, senior lecturer in the 


“ment of Human Nutrition ab the London School of 


ene and Tropical Medicine, and recently director 

of s Nutrition Division of the Food and Agriculture 

Organization of the United Nations, has been made 

an honorary member of the American Institute of 
Nutrition. f 

Tas United Nations Se Scientific and 

tion Centre for Scientific Oo- 

in Latin America, Montevideo, has issued 

as Vol 4 of “Scientific Institutions and Scientists in 

Latin America” a lst of acientific institutions of 
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. Argentine (pp. vi +188. Montevideo: Unesco, Centro 
de Oo-operačion Cientifica para America Latina, 
1959). 5 

Tum seventeemth International Congress of Pure 
and Applied Chemistry is to be held in Munich during 
August 26-29. Further information can be obtained 
from the -general of the International Union 


of Pure and Applied Chemistry, Dr. R. Morf, o/o 
Sandoz, S.A., Basle 18. 


Tus fifth World Forestry Congress, 
the Government of the United States and 


of Forestry at Syracuse University, Syracuse 10, Na ; 

Duana August tember 9 the ‘Association 
des Cours Internstionaux de Lyophilization”’ will be 
holding the second international course on ‘“Lyophil- 
ization’ at the Institute National des Sciences 
Ppi im. Lydi. Further information can be 
obtained from Dr. Louis R. Rey, Laboratoire de 
Physiologie, Ecole Normale Supérieure, 24 rue 
Lhomond, Paris 5e. 


UNDE the auspices of the International Federation 
of Electron Microscope Societies, the Nederlandse 
Vereniging voor 


r. 


conference on 
This is to be held at Delft during August 
3. Farther information can be ob- 


Tra first International Pharmacological Moeting 
ig to be held in Stockholm August 22-25, 
1961. The meeting is to be held under the auspices 
of the Section of Pharmacology of the International 
Union of Physiological Sciences. Further information 
can, be obtained from the secretary- A. Wret- 
lind, First International Pharmacological Meeting, 
Karolinska Institutet, Stockholm 60. 


ce ee ee 

i St be bell Pee ere 
Angst 2% Deptan per 3. The Congreæ is organized 
under the auspices of the Société Française d'Flisto- 
chimie in, collaboration with histochemical societies 
in many other countries. Further information oen. 
be obtained from the secretary-general, Dr. R. 
Wegmann, First Trenat ouge oc Ha 
45 rue des Sainta- 


Tas Orechosiovak Academy of Science is to 
organize an international conference on ‘‘Semicon- 
ductor Physics” at Prague during August 20-Septem- 
ber 2, under the auspices of the Intemational Union 
for Pure and Applied Physics, and which will continue 
the series of conferences held in Reading (1950), 
Amsterdam Partenkirchen (1956) 
Further information oan be 


5, OakrovarnickA 10, Cxecho- 


ooetes” in Nature of June 18, p. 988, states that the 
symbols & and F should be reversed. 
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URING the past two years, commuttess appointed 
by the British Association and by the Associs- 
tion of British Chambers of Commerce have been 
examinmg the merits or demerits of the adoption by 
the United Kingdom of the decimal system of coinage 
and/or the metric system of weighta and measures. 
A joint report, to whioh Sir Alexander Fleck con- 
tributes a foreword, has now been issued*, based on 
inquiries made of pome 2,000 organizations, including 
trade associations, ohambers of Gommerce, individual 
companiéd, learned societies and profegzional ingtitu- 
tions. The report is in four parte, examining first the 
question of decimal coinage and then that of the 
metric system. In each of these perta, earlier 
inquiries in the United Kmgdom are reviewed, and 
then the implications and merite of a change are 
considered, the cost factors and, for the metric 
svetem, the international aspects. In the third part, 
the improvement of the Imperial system ig discussed, 
and in the fourth, pda ole cee 

problems for schools and adult education. 

On all the available evidence, the Committees 
consider that there is a strong cage for the adoption 
of a decimal system of coinage, and, as Sir Alexander 
Fleck pointa out, this is a policy that les wholly 
within our own control to determine: no inter- 
national complications are involved. The Committees 
found little disestiatabkian expressed with the present 
system of coinage in industry and commerce, but 
wide approval of the concept of decimal coinage. 
There wag some disagreement as to the preferred 
method of decimalization, but an overwhelming wish 
to retain the pound sterling as the major unit. If 


most popular. Decimalization of the coinage would 
be helpfal by amplifying money calculations, with 
particular advantages in the flelds of business 
machines and education. It is primarily a domestic 
question ; but any system which involved abandoning 
the pound as the major unit might lower the status 
of British currency. Decimalization of the coinage 
would give only shght advantage in international 
trade, and while, 60 far as the Committess could 
ascertain, the transitional costs of ESI 
would be heavy, they would not be unduly 
relation to the resources of the country ani the 
long-term benefite that would acorue. The cet 
should be considered on ita own merits i 

of tho ayrlam of woighta and mensuras but decima 
ization of the coinage should precede any future plan 
for the adoption of the metric system. 

Binoe the evidence before the Committees was 
received mainly from industry and commerce, it may 
not accurately reflect publio opinion either on the 
principle or the method of decimalization. General 
approval and on. the part of the public 
would be essential, and the report is intended in the 
first place to stimulate such informed discussion. 
The noone believe, however, that the time hag 
: Should Britain ? 
a ioin Jn report 


x Pp. x1i+107. (London: Butterworths 
Baten tific Publica Hons, 1960.) 79. Od. 
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THE DECIMAL SYSTEM IN BRITAIN 


come for a decision to be made in principle on this 
ion, and this decision can only be made by the 
Government. They recommend that the Government 
should aim at taking an early decision in principle 
for or against the adoption of a decimal coinage ; but 
that before taking such a decision further inquiries 
should be made, moluding a sounding of public 
opinion and efforts to inform the public on the issues 
involved. The Committees find that a minimum of 
three years notice would be required to make esential 
preparations for the adoption of decimal coinage, and 
thig period of notice should provide ample time to 
familiarize the public with the new system. ù 

Even more emphatically, so far as weighte and 
mMeagures are concerned, gradualnegs is the keynote 
of the Committees’ recommendations, although they 
do not recommend com: adoption of the metrio 
system by the United at the present time. 
The metric system is already legal for most purposes 
in the United Kingdom, and it would be possible for 
adoption to proceed piecemeal on s voluntary basis. 
For the of the inquiry the view was taken 
that ‘adoption’ of the metric system by the United 
Kingdom meant a general adoption over a limited 
term of years, at the end of which the metric system 
would become the generally system, and the 
Imperial system would fall into disuse. 

The Committees found that little use is made to-day 
of the metric system in the United Kingdom except 
for scientific and laboratory purposes and in a few 
specialist fields, Penara the pharmaceutical and 
optical industries and scientific instrumente. There 


exporte to metric countries by the retention of the 
system. Conversely, the same appears to 

be broadly true of manufacturers in metrio countries 
in their efforta to sell in non-metrio countries. The 


: Toe os ee opinion 
that the United Kingdom should keep in line with 
the Commonwealth and the United States. 

Although there is general agreament on the 
desirability of increasing standardization, there is 
some divergence of opmion as to how this should be 
achieved. At present, there still appears to be an 
inadequate body of agreed international standards as 
between the various metrié countries, and certain 
sections of the engineering industry hold that the 
United Kingdom would be ill-advised to abandon 
such standardization as already existe in the non- 
metric world. Moreover, non-metric usage exists in 
& few industries on a world-wide basis, for example, 
in the oil industry, shipping, and to a high degree in 
siroraft manufacture and air navigation. 

Generally, it is clear that transitional coste would 
be very heavy in some spheres, particularly engin- 
eering, but the financial beneftte are difficult to 
apong. Should the United Kingdom deside to adopt 
the metrio system, at leagt ten and sometimes 20-30 
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years would be regured-for t the Sh as eee É 
of change-over 


the lower 


feeling thas the metrio system will in course of time 
become more widely used in the rest of the world 
and the United Kingdom. They recommend, there- 
fore, a regular two-yearly review by the Board of 
Trade in consultation with industry and commerce, 
and im conjunction with corresponding bodies in the 
Commonwealth and the United States, and paying 
particular attention to trends in Japan and and 
the under-developed copntries of Asia and Afrioa. 
These reviews should indicate what stimulus might 
be given to more rapid change-over to the metric 
system in the United Kingdom and in what sections 
of industry and commerce metric usage could be 
introduced with most benefits and the least tran- 
sitional dislocations. , Ib is 

be a case for the British Stan 


and 
should be further studied. This is a specialist matter 


for each industry ; but they suggest that all Govern-- 
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practicability of eliminating inter- 
mediate unite of weight between the ton and the 
pound ia; alternatively, use of the cental 
(100 Ib.) be encouraged in place of the hundred- 
weight, and there should be a short ton of 2,000 Ib. 
in yaad ae eben a ae They also recom- 
mend that the ’ troy and pennyweight 
be removed from sohool curricula, and that 
rod, pole or perch of.54 yards and the correspondmg 
square measure of 80} square be officially 
abolished, and that use of the inch in 
place of fractions be increased. Waly, eae 
educational aspecte, they recommend that even if no 
action be taken on decimal coinage or the metrio 
system, much greater emphasis should: be placed 
forthwith on the teaching and use of decinials and 
the metric system in the educational curriculum of 
Britain from the earliest stages. This would not only 
promote ‘decimal thinking’ at an earlier age than at 
present, but would also be of value to entrante into 
industry and commerce, where the practical use of 
decimals is increasing. 

Appendixes to the report present extracts from 
evidence received on decimal i and the 
metrio system, and group the countries of the world 
accordmg to their adoption or not of the metric 
system. 


SELECTION OF EXECUTIVES 


URING the years immediately after the Becond 
World War, it was the fashion for amatour and 


great variety of phenomena, from 
choice of a wife, from remarks made during a group 
discussion to readiness to become angry at an inter- 
view, from i shapes geen in an ink-blot to 
the design created with a set of mosaics. That any 
one of these actions can be significant of itself was 
an assumption which has invalidated much of the 
psychology of personality testing during the past ten 
years, and such is the subject of a recent article in 
the Buropean Agenoy Bulletin (No. 34; 
ie etna 

The recent trend has been a healthy one. Amateur 


on. Recently, iat silanes Sains appointed solely 
on the judgment of the managing director's wife’s 
interpretation of the applioant’s handwritten sig- 
nature to a typewritten letter. A brilliant techno- 
logist was rejected in favour of a less-qualified man 
because he did not take a lead in a discussion with 
other candidates during a specially organized hotel 
dinner. A psychiatrist employed by a large organ- 
ization in London interviews candidates for the higher 
staff grades and deliberately sets out to anger them, 
judging from: the time it takes them to lose their 
tempers whether or not they have initiative. 

Warren Lamb that it is an imposition to 
subject a candidate to having his individual actions 
judged as to their significance and what they reveal 
without being able to defend himeelf. The existence 
of significance testing is due to two fallacies under- 


lying the most scrupulous of DE of pure peycho- 
logical reeearch within industry and commerce: 
(a) that a test situation can be so devised that the 
candidate’s response will be identical with what it 
would be an other occasions ; (b) that a quality once 
measured (for example, ae perseverance) 
will apply in all conditions. 

Validating procedures have so narrowed down the 
aims under (a) that the resulta of properly validated 
present-day performance testa are so prescribed as to 
make only minor contribution to industrial selection 
and a . The simplest of casual observation 
will dispose of (b). One would not have to search far 
to find the dominant business man and the sub- 


characteristic 
Is it posible to have any form of personality 
oe, re aoe Oe ee ee a EE 
to any one action or response ? 
ed fo a ee 
constant elements in & person’s movements. 


of objects, a way of walking on, there are 
distinct individual differences. It has been found 
that everyone has certain movement oo-ordinations 
which are constant to all hie activities. That is to 
say, there are certain elements in the total movement 
which remain constant whatever the person’s be- 
haviour or emotion. For example, these elements 
wil remain constant during an oocasion when the 
person is sitting relaxed enjoying & casual converssa- 
tion, and on another occasion when he is giving a 
demonstrative, angry, Bery political speech. Sete of 
observations taken on each occasion, and analysed 
separately, produce an identical result. 


ki 
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A person’s movements are different on varying 
occasions. It ig only part of his movement—a part 
even of each action—which remains constant. The 
full range of the constant elemente will never be 
Present in any one action. A large number of 
observations are needed, based on a statistical 
sampling method in order to have sufficient data to 
analyse. It has proved practicable to obtain this 
data in the course of a normal business interview. 

The development of this work needed a more 
penetrating investigation into the details of a move- 
ment than has usually been the case with other 
investigations. The present methods have been made 
posible by the work of Rudolph Laban. The oodi- 
fication of the elements of movement upon which 
Laban established his notation has made it possible 
to record.the process of variation of at least seven 
different movement components occurring simul- 
taneously in the course of one action. 

Movement analyms reveals those capabilities which 
can be expreased spontaneously. A person who can 
present himeelf or exercise authority spontaneously 
would not have to depend upon ‘props’ such as the 
correct dress or a conferred status. A distinction 
can be made between those whose authority is fixed, 
dependent upon æ statio set of circumstances, and 
who would have little range of the relevant move- 
ment variation, and those whose authority is spon- 
tansous and adaptable, and who would have a good 
range of variation. 

If a person is asked to perform a number of actions 
unsssociated with any particular and built 
up from within his range of constant elements, he 
enjoys the movement. If he is asked to perform 
actions built m outside the range, he invari- 
ably feels aed and unco-ordinated. Many 
experiments with people of many different vocations 
have shown thia to be true. The range of constant 
elements is the range within which a person ‘feels 
right’. 

That there is a relationship between mental fono- 
tioning and physical movement is implied in the 
development of paychosomatic medicine during the 
course of the present century. 
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The application of this work within industry has 
been on the basis that if a person is able to work 
within a set of conditions by meeting the needs from 
within his range of constant elements (that is to say, 
the range within which he ‘feels right’), then he has 
aptitude for that set of conditions. This gives a 
precise definition to what is meant by ‘aptitude’, a 
word which is often used loosely as a synonym 
for ability, potentiality, capacity or even intelli- 


gence. 

In order to make an ‘aptitude sesomsment', it is 
necessary to specify the particular set of con- 
ditions, and this is done according to current tech- 
niques of job evaluation, differentiating between 
those aspecte of the job which can be satisfled 
purely technical competence and those aspecte which 
can be met effectively only through the appropriate 
ES : Ib is obvinun, but often little considered, 

ba man of & oertain technical competence may 
be able to apply his skill effectively in one set of 
conditions and imeffectively in another. The aptitude 
assessment which derives from the analysis of constant 
elements in movement is a measure of æ person's 
readiness to apply his technical skills or knowledge 
within a specified set of cdnditions. 

Whereas much investigation of the ‘significant 
response’ type seeks to classify phenomena, reduces 
‘differences and generalizes, the methods of aptitude 
Sesessment based on movement observation follow a 
contrasting procedure. There is no classification of 
phenomena, differences are magnified, both within 
the individual and the conditions, and the resultant a 
assessment is a particular yardstick, applying only 
within specified conditions. The ee bene, 
forward the exceptional, distinctive ‘man of the 
moment’, ag against the average, conformist ‘type 
for the job’. 

The procedure is not iteelf exceptional and is akin 
to existing . An appreciation of the tech- 
niques is easily gained during practical study. A 
number of intensive two-week courses have succeas- 
fully been given to executives wishing to incorporate 
the techniques within their own company practices. 

T. H. Hawes 


SCOPE FOR EXPANDING PULP AND BOARD INDUSTRIES 
IN BRITAIN 


HE conchisions and recommendations of two 

reports prepared by Sandwell and Co., Ltd., on 

and boerd mills in Great Britain (see Nature, 

h 26, p. 894) were used as the basis of a discussion 
organized by the Society of Foresters of Great 
Britain and held during November of last year. This 
Society is concerned with ‘the knowledge of technical 
forestry in all ite aspects” and it waa fitting that on 
this, the first, of its ventures into special discussion 
meetings it decided to examine the implications of the 
Sandwell reporte. The proceedings of this meeting 
have now bean published as a supplement to the 
Society’s journal, Forestry, which is available to non- 
members*. The programme was designed to give a 
balanced picture of the oie involved in develop- 
ment and the indivi views of industrialists, 


* The Developmend and Board Industries and 
Tait feo ga Beret Management ip. Pp. 6&8. (Oxford University 


technologiste, and competitors for the wooden rew 
material. The growers’ pomt of view was discussed 
under forest management considerations and the 
whole idea was subjected to the economist’s ovalus- 
tion, and a careful summing up. 

As the Society of Foresters of Great Britain included 
few industrialiste in its membership, invitations were 
sent to leading personalities in the industries con- 
cerned. Dr. T. H. Frankel, of Sudbrook Pulp Mill, 
Ltd., a subsidiary of Wiggins Teepe and Co., Ltd., 
said that in his view the Sandwell reporte implied 
that the amaller the mill the less efficient rt would be. 
ee eee eee a a 
in the Scottish Highlands, he stressed the unlikelihood 
of a newsprint mill being sited m Britain. He 
examined some of the technical and economic 
problems of the industry and urged that the criterion 
for growers of timber should be to produce the 
maximum bone-dry weight, bark free, per acre per 
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annum. io developiione of tha chipbaaad miiy 
was reviewed by Mr. F. O. Lynam, of Airscrew Co. 
and Jigwood Ltd., who criticizéd the Sandwell Board 
Mill Survey bedéause it did not do justice to the poesi- 
bilities of development. Its most important conclu- 
sion, he believes, is that eve in a large plant the 
economic price would have to be about £11-£12 per 
ton of bone-dry wood. Mr. B. J. Rendle, of the 
Forest Producta Research Laboratory, and Dr. L. 
Chalk, of the Department of Forestry, University of 
Oxford, explained the anatomical criteria for indus- 
trial use and the problam‘of ‘juvenile’ wood, respec 
tively. Thit ware know what tha palp mille woold 
like to have, this could be taken into account in 
plans for improving trees by selection and breeding 
and by forest management. The problem of ‘juvenile 
wood’ is often over-simplified, especially by the 
assumption that rt is a matter of age. 

The requirements for the coal mining industry were 
reviewed by Mr. B. ©. Holli of the National 
Coal Board, who explai + the Board has 
followed a policy of purchasing home-grown timber, 
of which it has greatly increased ite consumption 
since 1947 and still has room for increased softwood 
demand. Rising production from may 
alent tho nosis of tha maip and of tha coe] tdi: 
tries, and the arrival of a new market for the raw 
material would solve problems and oonfer benefits on’ 
TERE beak) Sa eels The prospects 
of greater demand from the furniture industry were 
explored by Mr. J. P. Pritchard, of the Furniture 
Development Oounsil. In his opinion there are several 
ee ee ee a 
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i ee eee As & con- 
P O * eet a . Wilson, who is 
well placed to examine the needs for housing and 
packing, i 


for England, Mr. G. B. T. aE the view 
that in Britain we should be justified in running our 
foresta primarily for the pulp and board industries. 
Forest management, he said, implied three things in 
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this context: the right trees for the industry ; the 
optimum rate of growth and right specifications and 
operational efficiency. 

The evaluation of the economistes wes provided by 
Mr. G. W. Troup, of Albert E. Reed and Co., Lid. 
Ho eid that ho ootld not give the final answers on 

the prospects for small-scale pulping m Britain— 
about which the Sandwell reports had been rather 
discouraging—but he did suggest some of the questions 
which remained for investigation, for example, on such 
matters as roundwood yields and price and costs 


tariff protection will be gradually reduced 
over, at the most, ten years. This will almost oer- 
tainly lead to greater integration in the pulp and 
peper and board industries, for example, in the 
Scandinavian countries, and thus add to the competi- 
tive power of imported supplies. 

Many searching questions and observations were 
a feature of the seven discussions which followed the 
main papers, and many leading authorities among 
the members and guests of the Society of Foresters 
were asked to open the discussions in a formal and 
thorough fashion. It was held by Mr. K. N. Renkin, 
of the Economic Forestry Group, when he summed 
up what had emerged from the meeting, that there is 4 
clear need for all to see themselves as one industry— 
ee ee ara oe There is need 
or over-all planning as one industry and for the 
utmost efficiency in all sectors in order to be com- 
petitive by world standards. The objects of the- 

should be 100 per cent utilization of forest 
products and the return on the capital 
employed in the industry. With these objectives in 
mind, Mr. Rankin went on to suggest what kind of 
pattern production should follow. Pulp and paper 

is rising st 7 per cent per annum and if 
supplies cannot keep pece there is a fair prospect of 
rising prices. The directions in which growers could 
more satisfactorily produce what is wanted was aleo 
reviewed in some detail. Mr. Rankin ended with the 
challenging questions : Why should we not export 


ATOMIC ENERGY RESEARCH IN DENMARK 


HE third annual report of the Danish Atomic 
Energy Oommission describes the activities of 

during the period April 1, 195$- 
; 1959 (pp. 85. Copenhagen: Danish 
Energy Commission, 1959). It deals with the 
erection of the Rise Research Establishment; the 
reactors DR1, DR? and DR3; the work of the six 
departments ‘of the Establishment ; international 


European. ; 
includes the texte of the addremes delivered by Mr. 
Viggo Kampmann, Minister for Fmanoce, and by Prof. 
Neils Bohr, the president of the Commission, at the 
inauguration of the Establishment on June 6, 1958. 


During the period under review the Commission 
met seven times and ite executive committee thirty- 
three times. Prof. Neils Bobr continued as chairman 
of the Commission, with Dr. H. P. Christenson as 
vice-chairman, and H. H. Koch as chairman of the 
executive committee. The total staff on March 31, 
1959, numbered 385, of which 214 were employed in 
the technical and scientific division and distributed 

The sécretariat, headed 


secretariat, had a staff of 
twenty-six, i three law and one ecanomiocs 
graduates. The office of the Commiasion was at the 
Christi Palace, bub the secretariat had a 
subsidiary at Rise. 

The physics department of the Establishment 
consists of the physios laboratory, the meteorology 
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station and the reactor DR1. During the year a 
cooling system for the reactor was installed, and the 
power brought up to 1,100 W. Various technical 
measurements were carriod out on the reactor, and 
training procedures and instructions for courses were 
revised and improved. The solid-state group con- 
tmued work on instruments for the study of radiation 
damage to metals and graphite, and other groups 
were occupied with planning a new laboratory and 
rts equipment in connexion with the linear accelerator 
ordered from the United States and wrth the agsegs- 
ment of the energy and particle balance in a very 
hot hydrogen plasma. 

In the electronica department an analogue com- 
puter, the equipment for a ‘gas-flow’ proportional 
counter for use at the waste-water treatment plant 
at Riss, and a fluorimeter for the measurement of 
uranium content in samples with concentrations of 
about 10-*, in addition to a number of special pieces 
of apparatus, have been constructed. The work of 


AGE OF THE BASE 


ie & recent publication, Prof. Arthur Holmes has 
proposed a revision of his 1047 time-scale. This 
revision was necessitated by the wealth of new age 
measurements made since 1947, and it is a tribute to 
Prof. Holmes’s insight that his first time-scale, pro- 
posed in 191] when the science of geochronology was 
in its infancy, has required only relatively minor 
revisions since that time. In view of Prof. Holmes’s 
past successes in drawing correct conclusions from 
fragmentary data, it might seam unwise to question 
A t conclusions regarding the age of-the base 

o Cambrian system. Furthermore, it is true 
oa imaginative speculation frequently proves more 
fruitful than sterile soepticiam. Nevertheless, in this 
cage, I feel that a critical discussion of the grounds 
for fixing the age of the base of the Cambrian is m 
order in the hope that workers may recognize that a 
problem existe. Otherwise the figure 600 + 20 million 
years may prematurely find ite way into texta and 
into the minds of Earth scientists as an established 
fact of geology. 

At the outget, it must be realized that the concept 
of the base of Cambrian is different from that of the 
base of the other periods. The base of the Devonian, 
for example, is defined by the disappearance of 
characteristic Devonian fossils as one moves down 
the column and by the appearance of Silurian fossils. 
In contrast to this, the base of the Cambrian is either 
defined locally as an unconfi beneath strata 
containing Cambrian fossils or by the failure to 
discover lower Cambrian fossils in lower strate. In 
the first case, there is no reason at all for the local 
unconformity to have world-wide time significance, 
and in the latter case, the evidence is of necessity 
purely negative ; the apparent absence of a Cambrian 
Siena Pee a hei mete S For 

of discussion, it is more useful to fix some 
Yofinable horizon within the Cambrian, for example, 
the base of the Middle Cambrian and at least for 
some purposes mentally lump the Lower Cambrian 
with the Precambrian. This point of view does 
not significantly alter the discussion of the evidence 
cited by Holme; it meroly the definitions 
employed. This approach relegates to future research 
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the reactor engineermg department was largely con- 

Se an the study project for the heevy-water- 

reactor with an organic cooling 

lea known as DOR. The department has 

Bit eed e a oe aa ee 
problems related to reactor-powered ships. 

In addition to ita direct educational and training 
activities in technical and scientrflc subjects, the 
report states that the Commission tries to satusfy 
general public interest in nuclear energy and in the 
Research Establishment by publications, radio and 
television broadcasts and exhibitions. A documentary 
film about Rise is being prepared. Visita to the 
Establishment are limited to Saturdays, and during 
January J-March 31, 1959, about 1,200 persons 
visited Risø. 

The report concludes with a list of the publicationa 
by members of the staff of the Commission, and with 
a detailed map of the layout at the Research Estab- 
lishment. 


OF THE CAMBRIAN 


such difficult questions as the time of the first 
appearance of Olenelus and its simultaneity in 
various regions of the Earth. It will be shown that 
the data used by Holmes do not yield a firm upper 
limit to the age of the base of even the Middle Cam- 5 
brian, and ib therefore follows that they do not ® 
permit an upper limit to the age of any part of the 
Lower Cambrian, however it may be defined. (In 
order to avoid any ambiguity it should be pointed 
out the expreasion ‘an upper limit to the age’ is 
used to mean that the age is less than a certain 
number of years. In this expression the word ‘upper’ 
is therefore used in a numerical, not a stratigraphical, 
pense.) 

The principal data used by Holmes in placing an 
upper limit to the age of the bese of the Cambrian 
are those of Kulp ( by Campans*) and 
Greenhalgh and Jeffery? for abgite from pegmatites 
overlain by the Precambrian Adelaide System in 
South Australia. Since the Adelaide System lies 
below recognized Lower Cambrian strata, it is clearly 
pre-Middle Cambrian. 

These authors report ages in million years aa follows: 


See oa 


674 675 


J. L. Kulp 
Greenhalgh and 
Jeffery 


Following Greenhalgh and Jeffery, Holmes inter- 
prete these data as a “typical logs of radon pattern”, 
and in accordance with this a probable age of 674 
milhon years is assi to the sample analysed by 
Greenhalgh and Jeffery, with 915 million years con- 
sidered an improbably high upper limit. However, 
it should be pointed out that there is no age pattern 
for a single mineral which is diagnostic of loss of 
radon. There are two independent uranium—load 
ages, that calculated from the ratio lead-206 furanium- 
288 and that calculated from the ratio lead-207/ 
uranium-285. In the data under congideration, the 
former age is younger than the latter, and this 
pattern can ariso equally well from any of several 
mechanisma, namely, preferential loss of lead relative 
to uranium, additions of uranium, gain of radiogenic 
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lead of some isotopic compositions, or preferential 


No. 4731 


methods. I am not sware of any 
for absite, but.measurement of the radon-loss from 


radiogenic lead or, equivalently, gain of uranrum, is 
& common cause of discordance in uranium—lead 
ages. If this more common process is responsible for 
his diedan Gata on ihe annie Ii eetan, Ene 
limit of 915 million years is a lower limit to the age 
rather than an improbably high upper limit. The 
lead-208/thorium-2382 age contributes little to the 
Lae 


almost siwa 
Gresthnich aad Tea also NOT E polaina 


argon, age of 520 million years on a sample of biotite 
from the same rock. Even if one loss of 
radon as the cause of discordance, this result cannot 
be reconciled in any simple way with the absite data. 
Taken altogether, the absite and biotite deta indicate 


original crystallization and their apparent ages are 
scarcely suitable for fixing a critical point in the 
geological column. 


“results of measurements of Tilton ef al.* on igneous 


rocks in the Wig +a Mountains of Oklahoma. As 
pointed out by Ho ~s, the result of 500-650 million 
years places at best. imit on the age of a portion of 
the Upper Cambrian, since thare are no Middle or 
Lower Cambrian strata in the region. It ahould be 
further noted that the granitic samples which have 
been dated are not seen in actual contact with the 
Cambrian strata and the inference that they are 
pre-Upper Cambrian is based on the assumption that 
are the same age as the neighbouring Carlton 
rhyolite which is actually overlain by Reagan sand- 
stone of Upper Cambrian age, or on the correlation 
of these rocks with pre-Reagan granites found in 
drillings. 


remaining evidence cited by Holmes is that 


age of about 625 million years for the uranium 
mineralization. As quoted by Holmes, L. Oahen 
states that the uranium mineralization ie later than 


this is the best ovidenoo given by Holmes for saying 
that the age of the base of the Middle Cambrian is 
leas than 600 million years old, the evidence is 
obviously not clear-cut, in view of the dubious status 


not greatly post-date the Kundelunga ae 
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rocks. It would be of considerable interest if Dr. 
Cahen would discuss critically the reasons for his 
opinions quoted above and by Holmes. 
These remarks have been made with the hope of 
peri Saka boti i thata a o7 goor aa | 
tigraphy with this unsolved problem. A 
start might be made by demonstrating unequivocally 
that the base of the Middle Cambrian is leas than 
1,000 million years old. Rocks of this age are found 
in many parts of the world, but I do not know of 
any localities where the of dated rocks 
of this age to the Cambrian is clearly established. If 
the posibility that rocks of Grenville age (1,000 
million years) and their age equivalents in other 
regions are Upper or Middle Cambrian cen be 
definitely excluded in this way, then one may go to 
the rarer areas of rocks in the 600-900 million years 
age-range in arder to see if more strict limite can be 


G. W. WETHEBILL 


1 Holmes, A., Proc. Edin. Geol. Soc., 17, 183 (1980). 
$ Campana, B., AMMEN J. Sol., 10, 240 (1054). 

ai, D- and Jeffery, P. M., Geockim, o Cosmookim., Acis, 16, 
“oui 3. and Kulp, J. L., Amer. rr Nadi AA 


apana re 


ee R 
Dr. Wetherill, I feel that ho over-rates some of the 
difficutties to which he refers and exaggerates their 


ar ns laa ripe Sack see 
The “bese of the ” is not a natural 


phenomenon that can be discovered and objectively 
investigated. It is a mental concept noept, entirely do- 
pendent on definition and, until is reached, 
subject to argument and dispute. Geologists are 
whether the criteria- for 
(a) palmontological, for 


o stratigraphioal, for e tho first deposits of 
marine tranagrossion ; (c) palso- 
ilee for example, tillites and other evidence 
of the glaciations commonly regarded as ee 
occurred towards the close of the pre-Cambrian ; 
a) worthoroineiodl, e hope fee the: Taita wich 
may command widespread aasent’. Meen- 
while, most geologists consider (b) and (c) to be 
inappropriate because the events concerned are 
likely to have varied from place to place much more 
widely in time than the of the earliest 
Cambrian fauna. Fe ee a 
which the biozone of Olenellus or ita equivalent is 
ted” as the base of the Cambrian, I found 
800 + 20 million years to be “a reasonable estimate’ 
of the Cambrian Period in the light 


“Earth soientists’’, 

and in go far as there aro now many Earth sciantists 

ee es Tf so, his 
to them will serve a very peeful purpose. 

With to the age pattern for the South 

Australian absite (Greenhalgh and Jeffery’s data) it 


36 


is true, as Dr. Wetherill points ont, that it could 
arise from a variety of different among 
which he seems to favour loss of lead and/or gain of 
uranium. In this case, 895 million yeara would 
approximate to the real age, leqying the lead-208/ 
thorium-282 ago to be regarded aa wrong . In con- 
ipreased by the enit of the 
lead-208/tharium-282 and lead-207 /juranium-235 ages 
(675 and 674 million years, respectively), partioulasly 
because this coincidence means that all four ‘ages’ 
can be brought into concordance by’ the single 
aesumption of logs of radon. Greenhalgh and Jeffery* 
say: “One expect some radon loss in a mineral 
such ag this absite which has been situated in a 
porous shear sone since ite formation in Upper 
Proterozoic times”. If this be tho correct inter- 
pretation, lows of argon from biotite would be ex- 
pected to be even greater. The argon-40/potassium-40 
age of 520 million years found by Greenhalgh and 
Jeffery for biotite from the same rock is readily 
accounted for by los of argon and is therefore not 
so irreconcilable with tho absite data as Dr. Wetherill 


Bevers, this disagreement over the interpretation. 
of inconclusive data is of minor in the 


uconites summarized on 
Met r oe Working at the Massechusetta 
of Technology, Cormier obtained a rubidium/ 
strontium age of 584 + 80 million years for glauconite 
from a sandstone in the Murray Shale formation of 
Blount Co., Tennessee. It is notable that the first 
diagnostic Lower Cambrian fossila appear in ehales 
500 ft. highor up in the section. This result agrees 
closely with the argon-40 -40 ages of Lower 
Cambrian glauconites ch have been dated by 
Russian workers. | One particularly valuable set of 


2 and penetrates 
Precambrian formations of the Upper Simian, which 
ing. Here, in the central pert of the 
Russian. Platform, which has long remained undis- 
turbed by igneous or tectonic activities other than 
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gentle vertical movements, only a slight disconformity 

the Cambrian from the Sinian. There could 
scarcely be a better environment for the retention of 
radiogenic argon. The age determinations, sum- 
marized in Table 1, ice oa ey ee Ty 
Polevaya, Kazakov and Murina‘, using A, = 0-557 x 
10-39 yr. and Ag = 4:72 x 10 yr} for the age 


yr} to oo- 


ably be hoped that Dr. Wethorill’s doubta will be 
resolved during the next two or three years. Perha 

even better evidence mar ba forthoomine fork ihe 
dating of Lower Cambrian and Late Precambrian 
lavas. Hero 6 start has already been made, stimulated 


result of the discussions of the Cambrian 
problem which are scheduled for the forthcoming 


mnestings at Copenhagen of the International Geo- 


logical Congress. 
ARTHUE Hotes 
Grant ee of Geology, 
University of Edinburgh. 
1 “Les et Oambrien” ( 


Relations entre Précambrien inter 
etet Centro National de la Recherahe tifique, 
* Holmes, A., Trans, Edin. Geol. Soc., 17, 188 (1950). 


saa, af (hoes) en T KL, Geochim. æ Cosmochim. Acta, 


N. Kazakov, G. à., and Murina , Geochemistry 
Camin with Mngilah summary), No. L 1 (1960). 


IN THE EARLY HISTORY OF THE EARTH 


By Pro. P. K, KURODA 
Department of Chemistry, Untversity of Arkansas, Fayetteville, Arkansas 


T has long been speculated that at least part of the 
heavier isotopes of xenon in the EKarth’s atmosphere 
are flastogenic!-*; but is was not possible to treat 
this problem on a quantitative besis until Reynoldst 
showed that the abundance ratio of the stable xenon 
isotopes in the Richardtan meteorite was different 
from that in the Earth's atmosphere’. 

The difference indicates that at least 10 per cent 
of the atmospherio xenon-136 is fissiogenio. This is 
much greater than that expected from the uranium- 
288 spontaneous fission alone, but can be explained 
as due to the spontaneous fission of some of the 
extinct trans-uraniom elements and/or the induced 
fission of uranium-285 im the early history of the 
Earth. The contribution from the naturel fission 
processes is estimated to be at least 10* times 
that from the recent artificial nuclear explosions. 


Differences in the isotopic rations of xenon in 
the Earth’s atmosphere and in the meteorite may 
be written as : 


a = (ae a)y a) 


E EE T A E 
following reasons: (a) the abundance of this nuclide 
is fairly large, and hence the errors in the ma- 

o measurements are to be 
small; (5) it is shielded by tellurium-130 (the half- 
life for the double B-decay of tellurtam-130 was 
estimated by Inghram and Reynolds* to be 1-4 x 
104 years), and the amount produ produced by fission can 
be regarded as fas be Bie oF he eo 
duction of this n er nuclear reactions 
ces be Ny anes 
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Tabie 1. me nes OF THE Derr Oc errs OF XENON IE 
THE ATHOSPHEAN AND IN THE RICHARDTOK Murso 
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The values of à calculated from the data by 
Reynolds‘ and Nier* are shown in Table 1. 

The large negative value of 3; for xenon-129 is 
due to the decay : 


17x 10" yr. 
Tue Xet 


as pointed out by Reynoldsi. The small negative 
values of & for the lighter isotopes are probably due 
to mass fractionation or cosmic-ray-induced nuclear 
reactians. 

Sues” derived the Yollowing equation which 
correlates the ratio of the terrestrial abundance 
(Ntee,) aad the cosmic abundance (Ngo) of the rare 
gases with the mas (Affmn,) : 





08 —_10- (2) 
Differences (A;) in the isotopic ratios of xenon m the 
Earth’s here and the commic abundance 

Xo!” 


ratios (Xef/Xel)g ; 
Xoi 
A (<a J 
can be calculated from equation (2). 

The values of A; thus calculated are shown in 
oolumn 5 of Table 1. 

It is interesting to note in Table | that the values 
of & and A; vary in the same direction; but the 
absolute value of & is always much greater than that 
of Aj, suggesting that the effect of the mass fractions- 
tion is probably amall. 

A maximum contribution from the uranium-288 
spontaneous fission can be calculated from the 
terrestrial abundance ratio of uranium to xenon. The 
number of atoms of Ket produced by the uranium-2388 
one fission is: 


seg (OM ewe +AT) Ke (4) 


where A, and i; are the decay constants for the alpha 
decay and the flasion of uranium-388, 
respectively, (0™*) is the number of atoms of uranium- 
288 in the system, Y; is the fission yield for Xet, and 
T ia the age of the 

From equations (1) and (4) : 


.6 Mjm, + 7-1 


Xef (8) 





(Xef)y == 


Liem}, Ea] y 


[exp {Qa + às) P} —1]. Y; (6) 


Damon and Kulp* found that the present rate of 
escape of helrum-4 and argon-40 from the Earth's 
crust is far too small to account for the By 
of argon-40 in the atmosphere, and oo 
moet of the argon-40 was introduced into the Tran 
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sphere in the first billion years of Earth history from 
the mantle and orust. The positive values of 3; 
for the heavier isotopes of xenon indicate that the 
uranium/xenon ratio in the meteorite system is 
smaller than that in the terrestrial, system end 


hence : 
a<{ he zy [exp{(Aa +A) (4:5 X 10*)} — 
exp{(Ae + Ay)(3-5 X 10*)}}. Y; (8) 


From the total amount of uranium in the orust 
and in the mantle (1-3 p.p.m. uranium in the crust 
and 0-01 p.p.m. uranium in the mantle; ma of 
crust = 38-7 x 10“ gm. ; mas of mantle =. 4,060 x 
10** gm.) and the number of atoms of xenon in the 
a here = 8-14 x 10%, given by Damon and 
Kulp, we have from equation (6), & < 0-004 for 
xenon-186. (Damon and Kulp gave a range of 0:01- 
0-1 p.p.m. for uranium in the mantle; but in view 
of the recent data obtained by Hamaguchi, Reed and 
Turkevich*, which indicate that older analyses for 
uranium were generally too high, the lower value 
0-01 p.p.m. uranium was accepted.) 

The observed value of %& = 0:19 + 0-04 for 
xenon-1386 is much greater than the calculated 
maximum contribution from the uranium-388 spon- 
taneous fission, thus indicating that the uraniam-238 
spontaneous fission alone could not have caused, such 
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a large difference in the xenon-136/xenon-130 ratio 
between that in the atmosphere and in the meteorite. 
The values of & are plotted in Fig. 1, together with 
the mass-yield curves for the spontaneous fission of 
uranium-388 and curium-242, and also for the 
neutron-induced flesion of uraniure-285. 

The maass-yield curve thus obtained from the values 
of à differs from that for the urantam-238 spontaneous 
fission in that the flasion yield at mass 182 seeme to 
be abnormally high. The presence of a peak at mase 
number 182 in the maas-yield curve for uranium-238 
spontaneous fission was found by Kuroda e alu, 
It is interesting to note a similar peak in the curium-242 
spontaneous flasion mags-yield curve. This leads 
to a speculation that the abnormally high yield at 
the mass 182 might be due to the spontaneous fission 
of some of the extinct trans-uranium elementa. 

The only known trans-uranium element, which 
might have been present in an appreciable quantity 
in the early history of the Earth is plutonium-244. 
The half-life of plutonium-244 (8 x 10’ years) is 
not too short as compared with the time-interval 
between the formation of the element and that of the 
Earth. 

If it is assumed that plutonium-244 and uranium- 
238 were formed in equal abundance at the time of 
formation of the element, then the plutonium-244/ 
uranium-338 ratio at the time of the formation of 
the Earth would have been approximately 0-05. 

The ratio of the a-decay half-life and the spon- 
taneous fission half-life of plutonium-244 is 8 x 107/ 
25 x 10 =» 8-2 x 10-*, while that of uranium-288 
is 4-5 x 10°/8-0 x 101 = 5-6 x 10-7. Thus, the 
ratio of the contributions from plutonium-244 and 
uranium-238 is calculated to be : 

0-05 x 3 x 3-2 x 10-* 
5-6 x 10-7 
or the contribution from the plutonium-244 spon- 
taneous fission would have been several hundred times 
greater than that from the uranium-288 spontaneous 
flasion. 

Another important source of contribution to the 
atmospherio inventory of xenon is the neutron- 
induced fission of uranium-?85. It has been pointed 
out by Kuroda" that an assemblage of uranium and 
water could have easily become a self-supporting 
chain-reacting system in the early history of the 
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Earth. The ratio of induced fission versus spontane- , 
ous fission in some of the pitchblende ores is known 
to be as high as 30-50 per cent}*15, Kenna and 
Kuroda! have recently- estimated fram the radio- 
chlorine data that the ratio m Belgian Congo pitch- 
blende is 50 + 5 per cent. Considering the fact that 
the age of the pitchblende is only about 500 million 
years, it is quite reasonable that the ratio in such 
uranium ore deposits could have been much greater 
than unity in the early history of the Earth. 

In oonnexion with the contribution of uranium- 
235 induced fission, it is of some interest to compute 
the oontribution from the recent nuclear bomb tests. 
According to Libby’’, the estimated total strato- 
spherio injection of strontium-90 since 1952 is 66 
megaton-equivalents, which correspond to an addition 
of about 0:5 ton of xenon-136. The total inventory 
of fissiogenic xenon-186 im the atmosphere is cal- 
culated to be of the order of 10° ton, or at least one 
million times greater than the contribution from 
nuclear bomb teste, 

This work was supported by the U.8. Atomio 
Energy Commission. I am grateful to Prof. Edward 
Anders of the University of Chicago for his valuable 
suggestiong and encouragement, 
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GLUCOSAMINE VALUES OF MURAMIC ACID AND OTHER AMINO- 
SUGARS BY THE ELSON AND MORGAN METHOD 


By R. E. STRANGE 
Microblological Research Establishment, Porton, Wiltshire 


HEN muramic acid is determined by the Elson 

and Morgan method as described by Rondle and 
Morgan!, ite glucosamine value on an equal weight 
basis (light absorption at 530 mu of the coloured 
derivative divided by that of the derivative formed 
from an equal weight of glucosamine multiplied by 
100) is about 30 per cent’. If 0-5 N sodium carbonate 
used in this method is replaced by a buffer containing 

volumes of M sodium carbonate and M sodium 
bicarbonate pH 98, other conditions being the same, 
a glucosamine value of about 50 per cent is obtained'. 


Crumpton" has pointed out that glucosamine values 
for mannosamine and galactosamme reported by 
different laboratories vary significantly, presumably 
due to variations in the method of estimation. In my 
experience such values are reproducible within the 
limrta of error of the method, and the use of & pre- 
determined value is not likely to introduce serious 
errors when conditions of analysis are kept constant. 
However, pure samples of certain amino-sugars are 
not always available and this leads to the use of 


independently reported: figures. Errors will arise if 
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the concentration of an amino-sugar as glucosamine 
determined using one set of conditions is converted 
to concentration of specific amino-sugar by means of a 
factor determined using different condrtions. 


Solutions containing weighed quantities of crystal- i 


line muramic acid, peppe oride and 
glucosamine-6-phosp were determined by three 
modifications of the original Elson and Morgan 
method. The methods were : (1) according to Rondle 
and Morgan’; (2) as for (1), but a buffer containing 
equal volumes of M sodium carbonate and M sodium 
® bicarbonate, pH 0:6" was used in place of 0:5 N 
sodium carbonate; (3) as described by Boas* (2 ml. of 
sample heated with 1 mL N sodium carbonate 
containing 2 per cent (v/v) acetylacetone for 45 min. 
at 90° C.). Each amino-sugar was tested in triplicate 
by these methods, the average of the oto- 
metrio readings at 530 mu being compared with that 
given by an equimolar solution of glucosamine 
hydrochloride. With the exception of muramio acid‘, 
the coloured derivatives absorbed most strongly when 
light with a wave-length near 530 my was used. In all 
cases the glucosamine value varied with the method 

used, results for muramic acid being 48, 75 and 34 

per oent with (1), (2) and (3) respectively (Table 1). 

The difference in resulta obtained with methods (1) 

and (2) was not due to difference in the pH value of 

the reaction mixtures containing acetylacetone for 
_ this was nearly the same (pH 9-5-9-6). Nor was 
there a significant change in pH in either case during 
heating for 20 min. at 100°O. Therefore, the only 
difference was the composition and concentration of 
the alkaline salts present. When the final conoen- 
tration each of sodium carbonate and sodium bi- 
carbonate waa varied fram 0-042 to 0-25 M, acetyl- 
acetone concentration i kept constant, the 
amount of coloured derivative formed with Ehrlich’s 
reagent moreased with i i buffer concen- 
tration, particularly in the case of muramic acid 

(Fig. 1). The pH values of the reaction mixtures 

decreased as the buffer salte ware reduced, but this 
was probably significent only in the case of the lowest 
concentration. 

The lowest result for muramic acid, obtained using 
the Boas method, could not be due to the alkaline 
salt concentration, for this was twice that used in 
method (1). Here the pH value of the solution 
during reaction with the same concentration of 
acetylacetane as used in (1) and (2) was near 10, and it 
was shown that pH is an important factor by the 
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following experiment : buffers of pH 8:8, 9-1, 9-8 and 
9-8 were prepared by mring appropriate volumes of 
M sodium carbonate and M sodium bicarbonate. 
Acetylacetane (2 per cent v/v) was added to each 
buffer (which reduced the pH values in all cases) and 
the resulting solutiens were used in the determimation 
of equimolar amino-sugar solutions according to 
method (1). Figs. 2 and 8 show how the amount of 
chromogen produced and the glucosamine values for 
each amino-sugar depended on the pH of the buffer 
used. Glucosamine values for muramio acid were 160 
and 64 per cent when buffera with initial pH values 


0-4 


0-3 


—log T at 530 me 


02 


8:8 9-0 92 D 96 9-8 
H of buffer containing a to volmmes of Af Na.CO 
7 and M NEHOO, : 
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Table 1. GLUCOSAMINE VALUES FOR Bquimatak SOLUTIONS OF 
AMINO-SUGA25 DETERMINED BY THRIN MODIFICATIONS OF THA EIMON 
AND Moraw METHOD 








Per cent (at 530 ma) 


Method 
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carbonate buffer 
(ref. 8) 
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of 8-8 and 9-8 respectively were used, whereas under 
these conditions values for glucosamine-6-phosphate 
showed the opposite trend (70 and 100 per cent 
respectively). Galactosamme gave significantly more 
oolour when a buffer of pH 9:6 was used and thus 
showed an intermediate response. 

The amount of coloured derivative formed fram an 
amino-sugar in the Elson and Morgan reaction 
depends on both the pH and concentration of the 
alkaline salts present during the reaction with 
acetylacetone. Aimino-sugara vary with respect to 
their stabilty in alkaline solutions, for example when 
muramio acid and copamine were incubated in 
0-1.N sodium hydroxide for 1 hr. at 38° O. losses of 
hexosamine-reacting substance were 90 and 18 per 
cent respectively. The solution of alkali-treated 
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muramio acid contained ammonia, and after acidifying 
the mixture with hydrochloric acid, a significant 
amount of substance was extracted with ether which 
gave a postive reaction for hydroxy fatty acid. After 
treatment with copper lime, the ether-extracted 
material gave a positive reaction for lactic acid*. 
About 10 per cent of the weight of original ammo- 
sugar was recovered as lactic acid, and since significant 
amounta of this product were not obtained when 
either glucose or glucosamine was similarly treated 
it seams probable that the side chain on carbon atom 3 
of the hexosamine moiety of 3.0-a-carboxyethy]l- 
hexosamine" is released as lactic acid on treatment 
with alkali under relatively mild conditions. Durmg 
this process the hexogamine moiety is destroyed. 

From the resulta reported here it is clear that, 
particularly in the case of muramio acid, the con- 
ditions used for the determination of amino- 
by the Elson and Morgan reaction should be rigidly 
controlled. Whenever possible, a pure sample of the 
amino-sugar being determined should be included as 
the standard, and the use of independently reported 
glucosamine values is not recommended. 

I am grateful to Prof. W. T. J. Morgan for a sample 
of galactogamine hydrochloride and to Mr. A. G. Ness 
for some analyses. 
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PHYSICAL INCOMPLETENESS OF INFLUENZA VIRUS PROPAGATED 
IN DE-EMBRYONATED EGGS 


By MARTIN HANIG and JOSEPH M. STEIM 
Department of Biophysics, University of Pittsburgh, Pittsburgh 13, Pennsyivania 


AST’ and ‘slow’ sedimentable components of the 

PR8 strain of type A influenza virus may be 
selectively propagated in de-embryonated eggs1.’. 
Because the ‘slow’ form lacks several of the biological 
characteristios of the ‘fast’ form, it has been called 
‘incomplete’ virust. Hanig and Bernkopf* obsarved 
that the two forms exhibrt ‘fast’ and ‘slow’ claases of 
sedimentation ooefficients with overlapping dis- 
tributions. These authors considered, nevertheless, 
that the ‘fast’ and ‘slow’ classes were distinctly 
different, and the overlappmg was interpreted as 
resulting from differences im viscosrty caused by 
differences in dilution of the various preparations. 
‘Incomplete’ virus correspondmg to slowly Bedi- 
menting overlapping components can also be prope- 
This effect has 


‘incompleteness’ in a physical sense, a most attractive 
interpretation implying a parallelism in the develop- 
ment of the phymcal particle and rta biological 
oharacteristioa®. This may be the proper explanation 
for the overlapping observed in ‘incomplete’ virus 
propagated in embryonated eggs. Haere, a gradual 
transition from ‘complete’ to ‘incomplete’ virus 
- geeringly takes*place during the several successive 
passages which appear to be necessary when using 


embryonated eggs for propagation’. In de- 
embryonated eggs, however, erther component may 
be obtained directly in a single passage and alone, 
within the eee of the optical system of the 


Other derana between the two hosts are also 
GE, at The infectivity to agglutination ratios 

(I/A), after 24 hr., employed to characterize the 
viruses from the successive passages in embryonated 
eggs, seam to be appreciably lower than the ratios 
obtained from the ‘moomplete’ virus directly prope- 
gated in de-embryonated eggs. Thus, the mean 
infectivity to agglutination ratio reported*-!* is 2-7 
for virus from the third passage, the form which 
typifies the ‘incomplete’ virus from embryonated 
eggs. The mean, however, of the infectivity to 
agglutination ratios reported for the ‘incomplete’ 
virus propagated m de-embryonated eggs for the 
present investigation and elsewhere"? is 5-0. Another, 
more obvious, difference is that virus grown in de- 
embryonated eggs is propagated only m the allantoic 
membrane while that from embryonsted eggs may 
also be formed in other tissues, notably the yolk sao’. 

These differences suggested that, for influenza 
viruses, extrapolation of interpretations based upon 
observations in one host to another, even very 
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similar, host may not be a valid procedure without 
well-considered justification. It then follows that 
the interpretation of Hanig and Bernkopf™ that the 
‘fast’ Oe ee E 
embryonated eggs are distinctly physical 
entities may be correct. Should this be so, it is 
evident that if there is a physical transition from one 
form of the virus to another, it must take place in 


munication is concerned with a more rigorous 
investigation than the earlier one* cancerning the 

‘fast’ and ‘slow’ forms of PR8 virus selectively 
propagated in de-embryonated egga. 

Variations from tion to se pesca tint in the 
sedimentation coefiicients of influensa virus may be 
caused by the intrinsio viscosity of the virus solutions 
per se dotermined at different concentrations. 
Concomitantly, variations may be caused also by the 
presence of extremely viscous contaminants such as 
the normal 80 S component!3,19, It is to be 
then, that the sedimentation coefficients determined 
at a number of decreasing concentrations for a single 
Preparation and extrapolated to infinite dilution 
would eliminate both viscous effecta and would yield 
values more representative of the ‘fast’ and ‘slow’ 
classes of virus. 

‘Fast’ and ‘slow’ forms of the PR8 strain of type A 
influensa virus were propagated in 17-day de- 
embryonated eggs for 24 hr. by the method of 
Bernkopf* employing inocula diluted to 10~ and 
10-1, respectively. Each of four preparations of eight 
dozen eggs yielded about 1,600 ml. of the ‘fast’ 
component. A similar four preparations of the ‘slow’ 
component were Purifloation and con- 
centration were accomplished by (a) two, three or 
four alternate high- and low-speed centrifugations 
at 4° C., or (b) a combination of these preceded by 
adsorption and elution fram chicken 
One preparation of the ‘fast’ component was divided 
in half and each portion was purified by (a) and (b). 
The sedimentation coefficients at infinite dilution 
(Sy 00) were not significantly different for the two 
halves, 688 and 695 (Table 1, 6, 6a) indicating that 
the method of preparation probably had little effect 
on the sedimentation coefficient at infinite dilution. 
All operations were carried out in pH 7-4, a 
phosphate, buffer as follows: (a) 
ataa ts sei yonated ogge aid caldalated asated: 
ing to the Reed and Muench method; (b) hæm- 
agglutinating activity was measured by a modi- 
floation of Salk’s method’. 

Each preperation of virus of 6-8 mgm./ml. was 
diluted into five aliquota of decreasing concentrations 
in pH 7-4, 4/15 phosphate buffer. The uncorrected 
sedimentation coefficiente, S, were determined at 
20° O. in a Spinco model Æ analytical ultra-centrifuge 
employing a Philpot—Svensen optical system. Ex- 
posures were made at 4-min. intervals for 10 seo. at 
12,590 r.p.m. Bar angles varied from 80°-45° de- 

upon the concentration of the sample in a 
2°, 12 mm: cell. Both ‘fast’ and ‘slow’ components 
exhibited typical influenza virus boundaries in that 
there was considerable fisttening of the schlieren 

during & determination. No diffloulty was 
encountered, however, in locating the maxima of the 
patterns. For each preparation S was plotted against 
C and extrapolated to infinite dilution by the method 
of least equares. In the range of concentrations 
employed, the curves were essentially linear whether 
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plotted as 1/S versus O, or S versus O. The extre- 
polated values of S were corrected to the viscosity 
and density of water at 20° C. using py, = 1:0081 
and hao = 1:0467 centipoise for the stock pH 7-4, 
44/15 phosphate ; 

In caloulating & for the ‘fast’ and ‘slow’ forms the 
apparent partial specific volume, V, employed was 
0-80 for both forms. This is the mean value of V 
reported by Lauffer and Stanley for the ‘fast’ oom- 
ponent propagated in ambryonated eggs and the ‘slow’ 
form propagated by us in de-embryanated eggs. 
We were compelled to resort to this device because 
of insufficient ‘fast’ material from de-embryonated 
eggs on which to complete a determination. The 
value reported by Lauffer and Stanley was V — 0-79 
and that determined by us employing identical pro- 
cedures was V = 0-806. Because of the intrinaio _ 
experimental uncertainties in the determination of 
V, we have considered these two values to be not 
significantly different from each other or from the 
‘fast’ form in de-embryonated eggs, and have 
arbitrarily sasigned Y «= 0-80 to both our ‘fast’ and 
‘slow’ components. Calculations of the sedimentation 
coefficient at infinite dilution using the separate values 
of V in no way affects the interpretation of the 
resulta. 

The results of the extrapolatians of the sedimenta- 
tion, coefficients to infinite dilution (Table 1, Fig. 1) 
show that the two forma of virus fall into two discrete 
distributions. That produced from the 10~* inoculum 
has a mean of 697 svedbergs, and that from the 107 
inoculum a mean of 541 with standard 
errors of the mean, SEa, of 4-3 and 4-1, respecti 
This difference in sedimentation behaviour is quive 
unambiguous. Statistical analysis for the 
of the difference between means shows that ¢ == 14-97. 
Indeed, even when the extreme values of the two 
distributions that most closely approach one another, 
rather than the means, are chosen to calculate t, the 
result is still clear, ¢ = 12-60. Both these values 
of t are beyond the limite of conventional tables of 
probability and correspond to P <€ 0-001 so that the 
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Table L 


BEDIANNTATION OONFFIOLNNTS EITRAPOLATED TO INTINTIE 
DUTON FOR ‘Fast’ awp ‘SLOW OompPos mrss 
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* Adjusted from 0-125 to 0-25 per oont ORBO. + Moan valus of pool. 
two distributions could be from the same population. 
In view of these resulta, the hypothesis',",." that 
overlapping continuous values of sedimentation 
coefficients for the two forms of virus are indicative 
of Pvlegicel transitions of | Bip spa a is un- 
tenable 


‘slow forme of viua woro corectly interpreted. hy 
Hanig and Bernkopf*. They arise simply from the 
dependence of S upon concentration m the ultra- 
centrifuge cell. 

Tt is still possible that virus with many inter- 


sedimentation could be produced 

inocula of dilutions between 10-1 
and 10+. This has not been performed 
in de-embryona eggs. In embryonated eggs, 


onated. 416, In an extensive study, 
Gard et al. have for ‘ ete’ PR8 virus 
obteined onsted eggs that the sedi- 


polated to infinite dilution. They do not, however, 
report details of their extrapolation procedures, so 
that a Soe ee 
, is not 
Daa of hs dati availible, it is valid only 
to pete that for embryonated 


from 757 to 810 
ranged from 480 to 679. For the two forms of virus 
propagated in de-embryonated eggs, however, it is 
clear that they are oompletely disparate with 
So = 697 + 4°38 and 541 44-1. It is also clear 
that any hypothesis which attempts to expla 4 
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physical transition of one form of, virus into the 


would be simply that, in the de-ambryonated allantoic 
membrane, concurrent biological and -physical de- 
veloproents proceed up to a certain point in the cell 
and then stop before release. The inoculum diluted 
10+ results m the physically ‘slow’ and biologically 
‘incomplete’ form. The inoculum diluted 10~ goes a 
discrete step further resulting in release of the 
ie cates ‘fast’ and biologically ‘ ” virus. 

embryonated eggs an inoculum diluted 10 resulta 


Thus sedimentation coefficients extra lated to 
infinite dilution have clearly dem: that there 
is no detectable gradual transition in Sy, œ from 
one component to the other. Rather, the probability 
is much less than 1 m 1,000 that the two distributions, 
541 + 4-1 and 697 + 4-3, could’ be from the same 
population. It follows, from this that any hypothesis 
attempting to explaih a physical transition of one 
form of virus to the other when propagated in the 
allantois must consider the evidence that the trans- 
Hane eee Obey woul ea pee une eae, 
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BIOLOGICAL FUNCTION OF FRUIT 


By Er. |. GINDEL 
_ Agricultural Research Station, Rehovot, israel 


ESEAROH work carried out by me has 

rrevealed the accepted conceptions concerning 
the biological function of fruit, What edhe eacaaie 
of the fruit on seed germination, to be misleading. 
It should be kept in mind that many cultivated fruite 
have changed entirely from their original form. 
This is particularly true of fruite having a pulpy 
pericarp, hloh; through selection, hybridization and 
cultivation, has steadily increased in sire, for example, 


: Oe en ae ee 


Ses iee in olor othe frat (3) the period 
of final fruit ripening during which a oorky layer is 
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Fig. 1. Three developmental stages of the oarob bean germ 


formed botwoon tho podioal of tho fruit and the 
branch of the mother-tree ; (4) the of chemical 
changes in the fruit when f its natural 
litter. 


While relatively sufficient information is available 
on the first three periods, data are scarce with regard 
to the fourth one. Research has bean confined to the 
period when the fruit is best suited for consumption, 
.or in determining storage conditions most suitable 
for preserving the fruit. 

ee aa 

ies were collected soon after they had 
Se ties Ader ne etn 
One hundred fruita from each tree sample were sown 
in sandy seed-beds on the grounds of the Agricultural 
Reasearch Station, Rehovot. 


bm a aa 


Tig & 4 germ breaking through the split stony coat of a mango 
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-Only healthy whole fruits were used, since my 
assumption is that the fruit representa a vital organ- 
ism which, like the seed, continues to live after 


gripes DAT 

were supported by observations 
gear ae as ee 
for example, apple, anona, avocado, melon, tomato, 
pumpkin, sane de! AE lemons, Artocarpus integrifolia 

These fruits were left in various storage 
ice Gute Gaal a 
their seeds had meanwhile germinated. 

Table 1 shows percentage germination of various 
forest seeds when left within their fruite. Only the 
seeds of fruits not attacked by fungi or insects 
germinated. The low percentage obtained is not 
representative for the various species aa the fruits 
were sown in poor sand; on natural litter 
age of germination would obviously have been greater. 


Table 1. GERNIATION OF SEEDS WITHIN TAWR FRUITS 


32 
78 

9 
14 
19 
ed 
40 
a 





Fig. 1 shows the developmental stages of the carob 
bean Fig. ee eee 
tho split stony coat of a large mango 

I a pela iy coh Ry Ooratonia 
sthqua and Mangifera indioa, the seeds of which 
germinated in the sown beds, we found that, before 
E E ah dnc ig 4°85 and 4-2, respectively. 
After germination within the fruite thoir pH increased 
to 5-88, 6-34 and 5-5, respectively. Even the germina- 
tion of the seed of the avocado in its fruit is no rare 
occurrence. In this fruit there is a pH change after 
harvesting from 6- 8 to 7-05 at the time of germination 
of the seed. 

Germination of seeds withm the fruit itself 
was obgerved in tomato, apple, Cuourbita maxima, 
avocado, anona, grapefruit and lemon. Within the 
last two fruita green cotyledons developed from the 
germinating seeds when the fleshy pericarp was still 
entirely closed. The roots of the germs were in all 
cases tightly attached and had partly penetrated 
into the body.of the fruit. 

From our experiments and observations it seems 
therefore clear that the so-called inhibiting substances 
which prevent the seed from germmating change, in 
the course of the metabolism of the fruit, into new 
compounds which favour seed germination. The 
biochemical composition of the fruit reaches a stage 
whereby the radicle of the germ is enabled to come 
in touch with the pulpy content of the fruit and thus 
provide it with its first food before it reaches the 
mineral soil in the forest litter. 

It appears, therefore, that the fruit is naturally 

a disseminating organ the structure of which is 
adjusted to the ecologicel conditions of ite habitat. 
The better results obtained by extracting the seeds 
artificially should not diminish the positive function 
of the fruit in Nature as a disseminating organ. | 

The supposition that flavour and taste of fruit 
attract the senses of animal and man to eat and dis- 
serninate the fruit is therefore not flecesaarily justified, 
and it is only a happy socident in Nature that man 
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or animal consumes the fruit at a stage suitable to 
his taste. The conclusion drawn by different workers 
that the fruit in Nature 1s an inhibitor to the germina- 
tion of its seeds or should be destroyed by insecta or 
fungi and freed for germimation also does not seem 
warranted. e 

Examining the sown fruite from time to time 
showed that seed germination occurred wherever the 
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fruit was froh. On the other hand, wherever 
germination did not take place, the fruit was found 
to have been destroyed by fungi or insects. Within 
the inating fruit the roota steadily increased in 
size by making use of the food in the pulpy pericarp, 
many of these roots branching within, the frurte rather 
than penetrating the soil through the perforated 
coat, 


AUSTRALIAN BIVALVE GASTROPODS 
By ROBERT BURN* 


8 already mtimated by me (Nature, April 9, 

p. 179), Bdenttellsna typica Gatliff and Gabriel! 
has been collected alive.at Torquay, Victoria, and it 
is ic with the J Tamanovalva limar 
Kawaguti and Baba*. us the latter genus is a 
synonym of the former. Furthermore, I suggest that 
the Victorian and Japanese species are conspecific 
with Rdentiellina corallensts Hedley? from Queensland 
and Soinilla ? chloris Dall‘ from California, but not 
with Bdentislina typica as described and figured fram 
South Australia by Veroo' ‘and Hedley*. My reasons 
for suggesting this synonymy are given in the discus- 
sion following the description of the Victorian species. 

Overseas correspondents inform me that the 
Eocene Paris Basin fossil genus Berthelinia Crosse’ is 
se to the present species, and with this I 

olly agree. This means that the two synonymous 
recent genera must themselves become 
of this earlier name. It is then under this genus that 
I thus describe the anmmal and shell of the Victorian 
species: Berthelénta typica (Gatliff and Gabriel). 

Notice of a second species from the same habitat 
was also given in my communication in Nature 
of April 9. This species presents a new problem 
within the order Sacoglossa, for the protocanch, 
although always present on the umbo of the left 
valve, shows lateral torsion away from the vertical 
plane of the initial whorl. Together with other shell 
characteristics and the very different animal, the 

ies deserves generic separation, and to this end 

propose the name Midorigas australis gen. ef sp. nov. 

for it. Midorigai is chosen to perpetuate the Japanese 
ordinal name for the sacoglossan opisthobranahs. 

A specimen of each species has been presented to 
the Japanese authors in exchange for topotypea of 
their own find. The remainder of the material, inolud- 
ing the exchanges, has been presented to the National 
Museum of Victoria, Melbourne. 

I wish to thank Mr. C. J. Gabriel of Melbourne for 
allowing me to examine cotypes and types of 
both Bdentsllina typica and Ð. alle fan his 
collection. To Tom Iredale of Sydney go my special 
thanks for directing my attention to this matter in 
tho first place and for urging me to try to resolve the 
Edentisllina-Tamanovalea problem. 


Berthelinia typica- (Gatliff and Gabriel) 
The animal (Figs. 1-7) does not differ casentially 
from that described for Tamanovaloa limar Kawaguti 
and Baba (ref. 2, 179-180, Fig. 1, 4-5). The few 
* Present address: 3# Autumn Street, Geelong West, Vitode, 


points of difference are: (1) the smaller size of the 
whole animal; (2) the more elevated rounded pro- 
tuberance upon the neck containing the eyes; and 
(3) the slightly larger and broadly pointed oral 
tentacles. The length of my largest specimen is 
6 mm. The body colour is leaf-green; the neok, 


$ edges of the foot and the manile inside | 


the shell are minutely speckled with cream pigment. 
The rhinophores have larger denser patches of creamy 
yellow towards the tips, while the lateral slit is 
similarly pigmented. The mantle in each valve 





Borthelieis typica (Gatltif and Gabriel). 
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contains red pigment ocells in patahes of varying ares ; 
in some specimens the whole mantle is thus red 
pigmented. The adductor muscle shows as & grey- 
blue circular patch on each valve. i 
The radula contains 41 or more teeth similar to 
those of 7'. limaz (loo. oi., Fig. 8). Tho spiral series 
of foeth is broken into three sections, 6 large teeth 
in the lower series, 3 similarly aixed teeth in the 
ascending series, and 82 or more evanescent teeth in 
the descending series. . 
The shall is as figured by each of the authors cited 
and I add figures of the.presant specimens (Figs. 1—4). 
protoconch is elevated, erect, of l} whorls in the 
vertical’. plang. ; The valves are smooth with fine 
. growth lines visible. . The adductor muscle is firmly 
attached to the left valve and easily detached from 
the right, the soar is. ciroular, nacreous inside the 
valves and visible externally. There are no teeth in 
the hinge line. There is a strong leathery transparent 


strength i the ligament upon 

which the valves hinge at the umbones. The largest 

. shell measures 5 mm. long, 2-5,mm. high and over 

. the paired valves 1-5 mm. The shell is pale tranalu- 
-oent_olive-green, the ch white, the ligament 

’ brown and the periostracum colourless or pale horn 
colour. 

Material examined: 1 specimen, Torquay, Feb- 
rusry 2, 1960; 3 specimens, Torquay, March 5, 
1960. 3 

The species lives on the green alga Oaulerpa 
scalpeliformis (R. Brn.) O. Ag. which grows either in 
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isolated colonies of a few leaves in the narrow crevices 
between rocks or as aingle stipes some little distance 
apart among the denser brown algae on the top of 
rooks, in the channels at the outer edge of the reef 
where there is tidal influence. The small 
speconens live upgn the pale green stalks and roots 
of the alga; consequently these specrmens are paler 
in colour. The adult specimens feed on the sharp 
fiat sword-like edges of the alga; a minute hole is 
pierced by the redula and the surface juices are 
sucked out, leaving a narrow band easily discernible 
by ite yellowish colouring. The animal when irritated 
exudes great quantities of white viscous fluid from the 
hyperbranchial ducts opening on the posterio-ventral 
margins of the mantle. At rest, the species retracts 
the head within the shell, which takes up a vertical 
ition on the alga, as though attached by a strong 
; in this attitude it reseamblea most closely a 

small green species of Pelecypoda. 

Crosse‘, originally described Berthelinia from a 
single juvenile valve ; later, together with Fischer’, 
he described the complete shell, clearly indicating 
the position, shape and mre of the adductor muscle 
scar, and most important, the erect protoconch in the 
vertical plane of the valve. There can be no doubt 
that this genus is applicable to the present specice. 
The comparison of the Vistotinn and Japarices species 
clearly indicates that they are congeneric and, 
except for a few mmor points, conspecific. I have 
dissected out and examined the radula of each 
species, and I find that both contain a similar number 
of teeth, 41 or more, which is more than indicated by 
Kawaguti and Baba. That the teeth are in three 
series in both radulæ is poasibly due to the contraction 
of the body during preservation, but as Midorigat 
australis preserved in the same manner exhibited only 
two series, I feel that the three series may be a generic 

Although the Japanese authors do not mention it, 
I find that there is a thin transparent periostracum 
present on each of the valves of T'amanovalra limax, 
and that it is thickened in the same way as in my 
specimens, thus providing the ‘invisible’ ligament. 
It is quite poasible that Verco’s South Australian 
specimens are not this species, bub instead are some 
new species with teeth m the hinge line and a large 
vertical protoconch of about two whorls; the shell 
is also more attenuated posteriorly, and the adductor 
musoale soar and the animal are unknown. ‘The 
South Australian specimens described first by Verco 
and later by Hedley cannot be traced at the present 
time. 

My specimens and the Japanese topo resemble 
most closely Edenttellina oorallensis ey; the 
topotypes of this species in Mr. Gabriel's collection 
cannot be separated in any real way from Berthelinia 
typica cotypes in the same collection. Thus I must 
reduce E. corallensis and also T. imax to synonyms 
of B. typica. The Californian Soinia ? chloris 
Dell is larger, length 9 mm., but is still remarkably 
similar to the present species, and I think should be 
added to the synonymy of it. 


Midorigal gen. nov. 


This new genus is proposed for those sacoglosean. 
slugs similar to Berthelinia, but with the following 
differences. Tho shell is more obese, the shape more 

the protoconch very smaller and in 
a nearly horizontal plane across hinge line of 
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the two valves. There are two adductor muscles; 
the lower, larger one is horizontally oval, with an 
anterior flange rising up towards the upper, much 
smaller, muscle just below the anterior hinge line. 
The foot is narrower than the neck. The rhmophores 
are stout and at mid-length swollen ; the oral tente- 
clea are large and pointed. The vaginal pore is m 
front of the lower adductor muscle. Radula is as 
usual in the Bacogloasa, teeth more coarsely denti- 
culate laterally than in Berthelinia. Body-colour is 
dark green, the mantle within the shell is spotted 
with large cream spots, the neck and rhinop 

with a few paler cream patches. 


Midorigal australis sp. nov. 

In the type species (Figs. 8-14) the body is stout 
and the foot is nearly as wide as the neck The 
neck is high and rises up towards the shell from 
i iately behind the eye i . The eye 
prominence is broadly elevated and close to the 
rhinophore basee. The suriculate rhinophores are 
stout, swollen at mid-length with the con- 
stricted ; the tips are rounded and not square as in 
the previous species. The oral tentacles are large, 
equare-lobate with the anterio-lateral corners sharply 
pointed. The anterior edge of Rare is bilabiate, 
the lip medianly elit, ower continuous 
nad Pe onded tn abate: The sole is medianly grooved 
for ite whole length ; on each side of this groove there 
are six faint grooves originating near the anterior end 
of the foot, and these carry the mucus or pedal fluids 
from the within the bilabiation of the anterior 
part of the foot. The foot is flattened anteriorly and 
folded along the median groove posteriorly. The f 
aperture is behind the right rhi base, + in 
front of the level of the eyes; the vaginal pore is 
small and in front of the lower adductor muscle. 
The tail of the foot is very little shorter than the 
posterior of the shell. The length of the largest 
animal was 5-5 mm. The anus opens above the 
posterior ridge of the foot within the shell. The ducts 
from the hyperbranchial glands open in the margins 
of the mantle behind the anus. The gill is bluish, 
i than in B. typica, and situated between the 
anus and the adductor muscles. The lower larger 
adductor muscle is placed in the anterior part of the 
shell, but rather far back from the anterior margin ; 


it is horizontally oval with an anterior flange of muscle ' 


running forward and curving to the much 
gmaller elongate-oval adductor muscle near the hinge 
line. This latter muscle can be obeerved by careful 


being angled towards the cutting edge 
The colour is dark green, the rhinophores 
have large yellowish patches spread sparsely over 


them, and patches of the same size extend over 
the body. The mantle within the valves is densely 
spotted with large rounded spots of yellow-cream ; 
some of these form wavy series which origmate in the 
squarish yellow petches unequally spread along the 
mantle The sole is pale green, the anterior 
edge of the foot whitish. The eye promimence is 
white, the eyes black. Be 2s 
The shell of the largest specimen measures £-4 mm. 
long, 3 mm. umboventrally and 1-75 mm. broad. 
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The left valve is the more convex of the two and is a 
little higher at the hinge line than the right, which 
fits under this higher upper edge ; the ligament thus . 
takes a vertical position, not a horizontal position ds 
in B. typica. The protoconch is small and flatly 
coiled in its horizontal position an top of the umbo 
of the left valve ; it encroaches upon the right valve 
for half its diameter. There is a strong translucent 

i over the thin valves, which is strength- 
ened and is coloured dark brown where it forms the 
ligament. The ligament extends twice as far in front 
of the umbo as behind it. There are no teeth m the 
hinge line. The valves are pale translucent olive- 
green with darker rays of green radiating out from the 
umboes. The protoconch is yellowish and thus 
inconspicuous. The interior of the valves is nacreous, 
particularly the lower adductor muscle scar. 

Material examined: 1 specimen (holotype) Tor- 
quay, February 21, 1960; 5 specimens (paratypes) 
Flinders, Victoria, March 20, 1960; 1 specimen 
Torquay, April 2, 1960. à 

At Torquay this species lives upon the green alga 
Caulerpa scalpelliformis along with Berthelinia typica 
and the oxynoid sacoglossan Oxynoe viridis (Pease): 
At Flinders it lives the tender tips and needle- 
like leaves of the tail’ green algae Caxlerpa 
brownit (O. Ag.) Endl. and O. simpliosusoula (Turn.) 
O. Ag. Both these algae grow outwards from the 
vertical walls of deep rock pools and channels at the 
extreme edge of the reef at Flinders. The animal 
exudes copious quantities of white viscous fluid from 
the posterior gape of the shell. The ventral margin e 
of the closed valves gapes a little to allow the foot to 
protrude. In motion, the foot is thrust forward and 
the shell drawn towards the head in two or three 
jerky movements. The right valve contains none of 
the vidoers.* ` 

This speties can be separated from Borthelénia 
by the following criteria: (1) the small protoconch 
placed half on the right valve; (2) the right valve 
smaller than the left; (8) the foot narrower than the 
neck; (4) the swollen rhinophores; (5) the two 
adductor muscles ; (6) the two series of teeth in the 
radula ; and (7) the darker colouring and the spotting 
within the shell. Perhaps the shell both Veroo and 
Hedley called Hdenttellina typica is more cloael 
related to this species than to Borthelinia: - 

That a second genus and species should occur along 
with one known for fifty years is truly- remarkable, 
but no more so than the plentiful occurrence of 
Borthelinia typica (= Tamanovalva limax) ip Japanese 
waters. Wider researches in similar habitate will 
probably reveal more forms of the same types as those 
described here. ~ = 

Note added in proof. Dr. K. Baba, of Osaka (in 
liit., received May 25, 1960) considers B. typica to 
differ ifically from B. kmaz because of ita different 
shell and somewhat differently formed apices 
of the radular teeth. I regard these two species as 
the known extremes of hical variation 
within a single species, with B. corallensis and B.- 
chloris as intermediate intergrading forms. Further 
material of all forms will perhaps allay the present 
differences of opinion. 
1 Proc, Roy. Soe, Viat., N.S., M, 190, pl. 46, Figa. 5-6 (1911). 
* Dhol. J. Okayama Univ., B, 177-184 (1059). 
* Proc, Malse. Soo. Lond., 14, 74-76 (1020). 
+ Proe. Biol, Soa, Washington, 3L, 5-6 (1918). 
1 Trans. Roy. Seo. 5. Aust, 40, 506-507 (1016). 


` +J, Gonckyblol., $8, 70-81, pL 3, Fig. 3 (1875). 


1J. Comokylol., 35, 305-311, pl. 10 (1887). 
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ASTRONOMY 


Origin of the Solar System 


Tamnn is a considerable degree of order in the 
solar system which current theories seem capable of 
explaining only in part. The present communication, 

describes a new approach which has led to a proposed 
model for its formation which seems to be much more 
successful in explaining the regularities observed. 

This model, m common with some others which 
have been advanced, envisages the passage of a star 
into the neighbourhood of the Sun. The order of 

itudes under consideration at present envisages 

a star of one hundred Sun masses moving with a 
velocity of 100 km./sec. and approaching the Sun to 
Within: a dilan of tag? times the. sale Tadh, The 
-Sun is imagined as initially spinning about an axis 
not in the plane of the arbit of the star. A tide is 
raised on the surface of the Sun which increases in 
height as the star approaches. Eventually a position 
Ge coackind where a Gor aon af din tip ut the WAAI Bala 
facing the Sun is under a greater gravitational pull 
from the star than from the Sun iteelf, and this 
portion then breaks away and, moving under the 
combined gravitational attractions of the star and the 
Sun, forms the planet Pluto. 

This loas of material at the solar surface seta up 
waves which will travel around the Sun from the 
unaffected obverse tidal bulge towards that part of 
the Sun facing the ing star. The wave-orest 
approaiheathe star which everitually draws 

another portion of the solar material to form the 
planet Neptune. A new wave is initiated to give the 

ee ee ee e 

‘ormed in & similar way. At this stage the star is 
approaching most closely and is able to draw material 
out from the Sun almost continuously, a great deal of 
which material it may even capture. Indeed a large 
planet could have been formed ab this stage and 
captured .by the star. The residue of the ejected 
material forme the belt of asteroids, which lie for the 
most part between the orbits of Jupiter and Mars. 
Finally, as the star recedes, the four smaller planete— 
Mare, Earth, Venus and Moroury—are formed. 

Fig. 1 shows the possible scheme of operation. It 
is hoped that the regular time-intervals between the 
production of each planet will account for the well- 
known but hitherto unexplained Bode’s law., In 
support of this idea it may be noted that the simo 
law, with different constants, also applies to the 
innermost satellites of those planeta possesaing 
appreciable satellite systems (Table 1). Tua propose! 
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1. B scheme for the origin of the solar system. 
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H =e game 
mechanism for their formation is similar to that given — 
above, but with the planet iteelf acting as the parent 
body. However, the agreement with Bode’s law 18 
not so precise because of the perturbing mfluence of 
the 8un. 

An interesting point concerns the time taken by 
the whole process. If the waves on the surface of 
the Sun are considered as gravity waves on a deep 
liquid of wave-length equal to the ciroumference of 
the Sun, travelling a distance equal to one half the 
circumference, it is found that the time for the 
journey of each wave is about 80 min. Thus the 
material for the formation of the planets will have 
been removed from the Sun in a total time of -12 hr. 
Of course, many hundreds of years will have elapsed 
after the passage of the star before Pluto, the outer- 
most planet, had completed ita first orbit. 

consideration of the model gives reasonable 
qualitative explanations for the following observed 


Man 
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phenomena end physical properties of the solar 
: (i) The ocourrence of a law (it is hoped 
Bode’s law) for the radii of the planetary and satellite 
orbits. This is a result of the regular trme-sequence of 
their production. The departure fram the law for the 
came. of th pianeta aod 3 (ii) The relative 
masseg of the planetas (inc Te ane, and of the 
satellites in each system. (iti) The large eccentricities 
of the orbits of Mercury and Pluto. (iv) The inclina- 
tions of the planetary orbita to the ecliptic. (v) The 
periods of rotations of the planetas about their axes. 


(vi) The inclination of the planetary to their 
orbits. (vii) The inclination of the solar tor to 
the ecliptic and the variation of ita period of rotation 
with latitude. (viii) The spin of Uranus 
and the orbits of ite, satellites. (ix) The 


retrograde orbit of Triton, the mner satellite of 
Neptune, and the large eccentricity of its other 
satellite, Nereid. (x) The origin of the satellites Titan 
and the Moon. 

It is hoped to carry out calculations on the Univer- 
aity of Manchester Mercury computer to see whether 
the basic ideas behind such a system are feasible, and, 
if so, to find values of the constants that would give 
an approximation to the system as it exists at present. 

I wish to acknowledge the many helpful discussions 
I have had with Prof. H. Lipeon during the period in 
which these ideas were being formulated. 

Nots. After this short communication had been 

it was found that a cammunication on a 

simular topic had appeared in Nature of May 21, p. 631, 
Egyed. The presented here would seem 
to have the advantage that it explams the origin of 
the solar system in terms of readily understood 
physical principles without invoking rather exotic 
phenomena, such as the variation of @ with time. 
Other observations, for example, the distribution of 
angular momentum in the solar system, also seem 
more readily explained by the mechaniam proposed 


here. 
f M. M. WooLrson 
Physics ent, 
College of Science and Technology, 
Manchester 1. * 


PHYSICS 


Photo-Injection of Charge Into Dielectric 
Liquids 
ALTHOUGH many workers have studied the eleo- 
trical breakdown of‘ pure higbiy ingulating liquids, 
few have been concerned with the fundamental 
processes of charge production end movement. This 
a henes ee ee a 
extremely low natural oonductivity. Biei applying 
high electric flelds or high-energy ation 
conductivity of very pure dielectric liquids ay ie 
enhanced; but in both cases it remains difficult to 
devine te to study the mechanism. The 
ieie yee 
of inereasing the conductivity. This is by ultre- 
violet illumination of the electrodes: some prelim- 
inary experiments on this effect are reported in this 


the only early worker to 
poo) Oe ee ee 

on, violet radiation. More recently, Le 
Blanc used the effect to measure the charge mobility 
in liquid n-hexane, but neither of them investigated 
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it further. It has probably been overlooked by other 
workers because of their use of glass test oells or of 


here this was achieved by 
final distillation at a pressure of leas than 10* mm. 
mercury. Similarly, dissolved oxygen has been 
te ee 


power -mercury AEE a on to the cathode. 
The. photocurrent varies markedly with voltage as 
shown by the typical result of Fig. 1. 
for this work was completely sealed off at a preasure 
of 10-* mm. after filling with the degassed liquid. By 
freezing out the hexane in a side bulb with liquid 
nitrogen the photoelectric emission from the same 
cathode could be studied in a good vacuum. As 

the photocurrent m vacuum shows good 
saturation with voltage, and with a field of 170 V Jom. 
the currents are between 200 and: 2,000 times greater 
than in the liquid for the same illumination. 

By using optical filters it has been -possible to 
obtain a rough measure of the speciral response for 
the in both cases. For an aluminium 
cathode im vacuum the photoelectric threshold 
corresponded to a work Pason of about 4-1 eV. 
Approximately the same long-wave threshold was 
obtained for the photocurrent induced in hexane with 
a low applied field. There is no doubt that photo- 
currents are produced in the liquid by radiation of 
wave-lengths up to 8000 À., that is, far beyond the 
absorption limit (~2000 A.) for the liquid itself. 
This indicates that the current originates at the 
cathode, but the lack of saturation, and other features 
to be described, show that the process is very different 
from photoelectric emission into a vacuum. For this 
reason the release of charge from the cathode into 
the liquid ig better described by the term ‘photo- 
injection’. 

Further investigation of the spectral response of 
the liquid photocurrent has indicated that the 
threshold wave-length increases slightly ag the applied 
voltage is increased, although the effect contributes 
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only very little to the lack of saturation shown in 
Fig. 1. It has also been found that the form of the 
> dependence upon voltage varies with wave-length. 
For example, the curve of Fig. 1 was obteined using 
the unfiltered radiation from @ mercury lamp, but & 
more nearly ohmic characteristic is obtained by 
isolating wave-lengths neer the threshold. 

The transient response of the photocurrent on 
suddenly illummating the cathode has also been 
studied, and thig can be related to the charge mobility 
ag measured by Le Blanc’. With the equipment 
used 80 far it has only been possible to record transit 
times of the order of seconds for the movement of the 
injected charge between the electrodes. This has 
indicated a mobility of about 5 x 10+ cm."/volt seo. at 
room temperature, that is, slightly lower than found 
by Le Blanc. However, it is disturbing to find that 
ee T E a 

to depend on the wave-length of the ultra-violet 
iltumination. The transients are further complicated 
by slow variations with time. 

From these measurements there appears to be no 
doubt that photo-injection of charge into a dielectric 
liquid is pomible. The dependence upon voltage 
shows, however, that it is not justified to assume, as is 
commonly done‘, that electron emiasion into a liquid 
is similar to that into vacuum. The injection of 
charge through a space charge barrier at the interface 
Se ee 
but many before it is 
possible to wor cut the details: The ability to inject 
charge into a dielectric liquid opens up several 


will be reported in more detail elsewhere. - 

This weck was made possible by the award of the 
Henley Research Fellowship and bythe loan of 
apparatus from the Central Research Fund of the 
University of London. 


M. J. Monanr 
Queen Mary College, 
Mile End Road, 
London, E.1 
May 26 
Donte, B. W., Indust, and ng. Chem., 38, 1529 (1040) 
H., J. Chom. Phys., 30, 1443 (1950). 


. An lonization Detector for 
Permanent Gases- 

Trews highly sensitive gas ionization methods for 
the detection of volatile substances have been 
reported: the flame ionization detector!, 
the ‘argon’ detector’, and the electron affinity 
ionization detector’. These devices are practical and 
efficient in the measurement of low concentrations of 
organic vapours ; they suffer, however, the disadvan- 
tage of a slight or negligible response to most per- 
manent gases. This communication _ describes 6 
sensitive ionization method of the con- 
centration of all permanent gases, except the noble 
cecal in an argon carrier-gas stream. 

The physical basis of the method is as follows. 
When argon containing free electrons is exposed to 
an electrical field, the temperature of the free eleo- 
trons is rapidly raised to a level far above that of the 
argon atoms. This is because only a amall proportion 
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of the energy gained by the electrons from the fleld 
is lost during ther elastic collisions with the 
atoms. Collisions between free electrons and the 
molecules of other gases, exoept the noble gases, are 
by contrast non-clastic and result in the loss of a 
large proportion of the energy of the oollidmg electron. 
The addition of a small quantity of some other gas to 
argon causes, therefore, a reduction of the free-electron 
temperature at a given fleld intensity. There are 
several poasible methods for observing variations of 
the free-electron temperature in argon when it is 
contaminated with other gases. The quenching of 
the normal response of an ‘argon’ detector has been 
suggested’ ; a more direct method is described here. 

An ionization chamber of plane-parallel geometry 
is filled with and contains a source of free 
electrons. The chamber is connected directly across 
the input of a d.c. amplifier, and the anode of the 
chamber fed through a condenser with itive 
pulses of short duration (between 1 and 10 psec.). 
‘When the chamber contains only pure argon, little 
or no current is observed to flow; this is because 
during the short period of the pulse there is insufficient 
time to permit the deflexion and collection of the 
fast-moving free electrons. With contaminated 
argon, however, the electron tem is lower 
and they are moving slowly enough to permit their 
collection during the application of the pulse. The 
chamber therefore provides a signal current related 
to the concentration of the contaminant gas. ` 





Q 1 
a 
om 


ee Construction of the detector. (A) Gas inlet and anode 
from 100-meah wire 


gaurs; euse: (0) rallye soaron: (D) (D) gas outlet and cathode con- 
ilon. Baek, ; stippled, polytetraftuoroethylens 

<13. 1 shows the construction of a practical detector ; 
ita dimensions and the materials of its construction 
are indicated with the figure. The most convenient 
shape of electrical pulse to apply to the chamber is a 
half-wave rectified sme-wave. With a detector of the 
type illustrated, the frequency of the sine-waves used 
to generate the pulses should be between 0:3 and 
0-7 Mo./s. and the amplitude of the pulses between 
50 and 100 volts. Electrons are set free from the 
argon within the chamber by irradiation with soft 
f-particles from a sheet of metal foil tritium 
as the active element. The quantity of tritium should. 
be sufficient to provide a do. saturation current of 
between 8 and 10 x 10-* amp. 

Fig. 2 shows the variation of current-flow in the 
detector with the frequency of the applied pulses. 
In pure argon no current flows when the frequency 
is higher than 0-27 Mo./s. When other gases are 
present at a concentration of 0-1 pgr cent by volume, 
there is an extension of the range of frequensy over 





Fig. 2 


Response of ths detector 
cent by volume concentration of 
Abeciana, Me ne ct te motel 

current drawn from the deteotar x 10° amp. 


Yeswoos, oihar games tn argon, 


sioe- waves. 


which a current flows in the chamber. In general, 
the more oamplex the molecule of the contaminant 
gas the higher the frequency ab which á current oan 
still be observed. In-practice it is possible to dis- 
i a between such gases as nitrogen, oxygen, 

dioxide and organic vapours simply by 
S eine the Sreaueney’ of tha pales applied: toine 


Mees Spee) ots oaao ol 027 Mafi, the 
detector illustrated is capable of responding to to all but 
tho noble gases. The background current in pure 
argon, is leas than 10-!* amp. and the noise-level at a 
total time constant of 1 seo. les than 10-4 amp. 
The least detectable concentration of diatomic and of 
polyatomic gases in argon is approximately ane in 10" 
and one in 10* by volume ly. Helium or 


of the detector is lineer with gas 
concentration up to 1 per cent by volume of the 
diatomic gases. Using the detector illustrated in 
Fig. 1 the response to polyatomic gases is somewhat 
non-lmear, especially at high frequencies. Recent 
experiments have shown, however, that the response 
Ae dae ee pee ipdan 
on the dimensions of the chamber and the mag- 
primary 


nitude of the electron, current. There is 
reason for believing that with a modified design a 
linear response e concentration of all gases can 
be achieved. 


Oe re eer ee ae bi boro proni 
as 4 transducer for the concentration of permanent 
gases and of vapours such as water vapour which are 
otherwise difficult to measure. 

I am indebted to Dr. 8. R. Lipaky, of Yale Unive- 
aity, for his advice and suggestions, and to Mr. P. 
Simmonds for expert technical assistance. 


J. E. Lovaroox 


National Institute for Medical Research, 
Mill Hill, London, N.W.7. 


L G., and Dewar, E. A, “Gas Ghromatogrephy’’, odit. 
Pr (iat eaoin London, 1062): 
; Lovelock, J. . L, J. Chromatography, 1, 35 (1958). 

* Lovaloak, J. H, and Lipeky, & BR, T les: Chem. Seo., 82, 431 


‘Townsend, J. 8., “Hileetrons in Gases” (Hutehinson, London, 1947). 


"Wilts, V., Waters, 188, 1754 (1959). 
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Yiald Stress exerted on a Bo 
in a Bingham Flui 


Ir is well known that finely divided, flocculated,, - 
aqueous suspensions of clay behave as Bingham 
fluids at concentrations less than about 25 per cent 
by volume. That is, therr equation of flow is: 


Sum=mS,+7D- 


where S = shear stress applied, S, == minimum shear 
stress which will cause shearing, D = rate of deforma- 
tion of the suspension, 7 = plastic viscosity. 

Because such suspensions can resist stresses below 
a maximum value (often called the: yield stress) 
without shearing, they should be able to hold bodice, 
in a oertain range of density and size, stationary 
within themselves. A body should move only when 
the difference between ita density and that of the 
ee a ee 


immersed 


force, which we will 


For a cube falling with ite faces horizontal and 
vertical, Yanoey, Geer and Sokaski have assumed 


yield stress S, acting over the bottom face only of 
the cube. Meerman! suggested that S, would act at 
least over the total vertical area of the cube, and 
Whitmore? that it would act over the whole surface 
area of the cube. We have so far been unable to find 
any reference to experimental meagurementa having 
been made on bodies, and, in order to test the various 
ideas, we have made some ourselves. 


zontal wire, the other end being clamped to a bracket 
which can be raised or lowered on a screw thread. 
The body is of such & density as to sink in the sus- 
pension. When the body is in position in the suspen- 
sion the free end of the wire is raised slightly then 
very carefully allowed to fall until the body comes 
into equilibrium, with F, acting upwards on it. The 
braaket ia then lowered about lġ in, and carefully 
raised to its previous position. F, is now acting 
downwards on the body, and the free end of the wire 
Se eee ee below ite original position. Thus 


F, = 0, where o is the ‘proportionality constant of 


the wire. 

If S, acta uniformly over a body, tho magnitudo of 
F, should be independent of the orientation'of the 
body. However, measurements on two glasg blocks, 
sized 6-2 x 1-9 x 0-8 om. and 4:1 x 1-9 x 0:8 om. 
in & 20 per cent by weight suspension of ‘Supreme’ 
kaolinite clay supplied by ish Clays Lovering 
Pochin and Oo., Ltd, showed that the orientation 
had a big effect on the value of F, (Table 1). The 
reproducibility of F, was in all cases better than 
+8 per cent. 


Table 1 





Horizontal face (om.") 
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If it is assumed that different yield stresses prevail 

on, the horizontal and vertical surfaces it can easily 

be shown that the best values to suit both of the 
are: 

Horizontal-face yield stress 145 + 15 dyne em.-* 

Vertioal-face yield stress 29 + 3 dyno cm.-*. 

The yield stress as obtained from viscosity measure- 
ments made with a Ferranti rotating-cylinder 
viscometer at 5 rates of shear was 52 dyne om.~*, 

‘Thus it is clear that for suspensions of this type 
yield streases obtained from viscometer measure- 
mente may not be of much use in predicting instability 
towards bodies immersed in them. A more detailed 
examination of this phenomenon is at present being 
made. 

G. BOARDMAN 
R. L. WHETHORH 


Department of Mining and Fuels, 
University of Nottingham. 
May 30. 
y » Gear, M. E., and Sokaskt, M., Paper 71, Thtrd Inter- 
a a Coal Preparation Conference, Tage (1088). 
eee p: G., Second Sympostim on Coal Leeds, 253 


057). 
“Whitmore, E. L, Second Sympostim on Coal Preperation, Leeds 
282 (1957). 


Effect of Electric Helds on Hydroger-like 
Excitons 
Some substances such as cadmium sulphide show 
® long-range photo-effects; that is, if light falls on a 


crystal at some point then photo-conductivity can be 


observed in regions which may be several millimetres 
away from this point. Toae ee bean ene aoi 
ae to whether excitons play any part in this 
of energy transfert. Recently, Nikitin 

have shown that the change of energy of an exciton 
in s magnetic fleld due to its diamagnetism may be 
appreciable compared .with the thermal energy ET, 
at least if the field is high and the temperature low. 
They suggest that if exciton migration occurs then an 
inhomogeneous magnetio fleld should have a detect- 
able effect on it. 

‘We wish to point out that the interaction of an 
exciton with an electric field may be more easily 
observed. Suppose the exciton is desoribable in 
ents ‘of a ipdiogen-liks -fonsor Then it can be 
shown that in an electric field F its energy is decreased 
to a first approximation by : 


AB inap (1) 


where x is the dielectrio constant of the crystal and 
a, is the effective exciton radius. Since both these 
quantities can be large, AH oan be very large. For 
example, if x is 10 and a, is 50 A. then in a field of 
3x104 V./om. the value of AW will be equal to the 
exciton binding energy of 0-014 eV. This means 
that the perturbation energy is po large that we are 
already beyond the limit of validity of equation 1 and 
fleld ionization of the exciton oan occur. The theory 
of this process for a hydrogen atom has been given 


oo dee of potential energy soroan tho exaton 


due to the applied fleld is equal to the binding energy 
By, or: 

0a, F; — By (2) 
With the used above the threshold fleld 


for ionization F; is 2x 104 V./om. 


e a ace 
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Fields of such magnitude oan be applied to a crystal 
by using external electrodes, bub they also arise 
naturally within the crystal in the potential barriers 
at grain boundaries. If the density of centres 
contributing to the space charge in the berrier is 
5x 10'* om.-* then £ barrier height of only 0-1 V. will 
produce a field of 2x10% V./am. Clearly much higher 
fields can be produced by applying an external voltage 


them by the ionization 

of equation 2. It will therefore be opaque 
oe bee a and we have & 
means of distinguishing between the two. 

As an example,- we have observed long-range 
photo-effects in high-resistivity gallium arsenide and 
have shown that they are entirely unaffected by the 
presence of a grain boundary. We conclude that m 
this material the effects are not due to exciton 
migration. A full account of these experiments will 

lished elsewhere. 
is made to the Admiralty for 
permission to publish this communication.. 
J. W. ALLEN 
Services Electronics Research Laboratory, 


* Niktiine, 8., and Haken, H., O.R. Acad. Soi., Paris, £50, 607 (1900). 
3 Oppenheimer, J. E., Phys. Rev., JL, 66 (1928). 


Electron Microscope Images of Dislocations 


Hirsch e al.! and Bollmann® observed dark and 
white spots in the electron microscopic image of thin 
metallic film, and suggested that the contrast is 
caused by the Bragg reflexion due to the distorted 
lattice around a dislocation. We oall this, for con- 
venience, H.-B. dislocation contrast. Menter? first 
observed an extra terminating half-line in the electron 
microscope image of platinum phthalocyanine, and 
suggested that the extra line is the image of the extra 
terminating half-plane associated with an edge 
dislocation in the crystal. We call this Menter's 
dislocation contrast. In Menter’s dislocation, no 
contrast such as H.-B. dislocation can be observed. 

A plane grating of 66u spacing was irradiated by an 
almost parallel light-beam of wave-length 4900 A. 
This corresponds to the electron optical system 
where a thin orystal is irradiated by electrons. Fig. 
la is an image of the grating with an extra terminating 
half-line near its centre which is photographed by 
allowing the diffracted beams of the order n = 0, 
+1, + 2 to contribute to the image. is oorre- 
sponds to Menter’s dislocation contrast. The diffrac- 
tion pattern of the grating is illustrated in Fig. 2. Ina 
metal the spacing of the lattice is about a 
tenth of that of platinum phthalocyanine, and the 
Bragg angle of the di electron beam is about 
ten times larger than that of phthalocyanine. In 
the image of a metal oryatal, therefore, only one 
diffracted beam is permitted to contribute to the 
image by the amall aperture in the objective lens. 
Fig. 16 shows an image of the same grating which is 
imaged under the conditions where only one part of a 
diffracted beam n = + 1 contributes to the image. 
This oorresponds to a dark-fleld? image showing 
H.-B. dislocation contrast. Thus we are able to 
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Fg. 2% Diffraction pattern of the grating shown in Fig. 1 


produce images similar to those taken by Menter and 
H.-B. from the same grating‘. 

In the experiment recorded in Fig. 1b, if the whole 
of a diffracted beam contributes to the image, the 
contrast shown in Fig. 1b will never be observed. 
However, it may be explained that the contrast of 
dislocation in plane grating is stmilar to that of 
H.-B. dislocation contrast of a crystal. The intensity 
of a diffracted beam from a crystal with sufficient 
thickness changes by the deviation from the Bragg 
angle. Therefore, the order of deviation can be de- 
tected by the variation of intensity of the diffracted 
beam, that is, brightness of the electron microscopic 
image. Ina very thm crystal, which may be replaced 
by a plane grating, deviation from the Bragg angle will 
not produce the variation of intensity use of 
uniform intensity cross-section of reciprocal lattice 
point elongated normal to the orystal surface. In 
a very thin film, the amount of deviation from the 
Bragg angle can be detected only by the angular 
deviation, of the diffracted beam from the Bragg angle. 
Therefore, in order to detect the amount of deviation 
by the variation ôf intensity of beam, it is necessary 
to use the very small aperture so that one part only of 
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the diffracted beam can contribute to the intensity of 
the image. 


on the crystal lattice potential and crystal thickness 
m addition to the deviation from the Bragg angle, and 
for a complete interpretation, these quantities must 
be taken mto account. The experiment desorbed 
here does, however, give a useful qualitative inter- 
pretation of how these two types of dislocation 
contrast arise. 

We wish to express our sincere thanks to Prof. K. 
Tanaka for his kind discussion and to Dr. J. Menter 
for his helpful discussion and for correcting the 
English. 

Harsosmo Hasemmoro 
Kazuo Fuss 
Kyoto Technical University, 
Mateugasaki, Sakyo-ku, Kyoto. 


a P. B; Borde, R: Wod- Blan sd dee AS 1,.077, 
(1956). 


* Bollmann, W. Phys. Rev., 108, 1588 (1986). 
; Menter, J. W., Proc. Roy. Soc., A, 888, 119 (1056). 
Menter, J. W., Phil. Mag., Sapp. Adv. Phys., 7, No. 27, Figs. 18 
and’ 62 (1988). 


METALLURGY 


Work-Hardening and Ductility of Rhenium 
and their Relation to the Behaviours of 
Other Metals having a Hexagonal 
Structure 


POLYORYSTALLINE rhenium work-hardeng rapidly 
when tested in tengion at room temperature (the 
proportional limit is 26,000 p.s.i. and the ultimate 
tensile strength is 164,000 p.s.i.1), and hag an elonga- 
tion of 24 per cent. The fracture is intergranular’. 
In the present communicetion an extension of the 
study of the mechanical properties of rhenium to 
pa crystals is reported. The behaviour of rhenium 
ia then compared with other metals having a hexs- 
gonal structure. 

Crystals grown by the electron bombardment 
technique” were deformed in tension, and the depend- 
ence of their behaviour on orientation was studied. Sli 
occurred on the (0001) basal plane and on the {1010 
pnamatio planes in agreement with earlier work in 
this laboratory on polyorystals*; the slip direction 
was <1120> as with other clopse-packed-hexagonal 
metals which alip on these planes (beryllium, magne- 
sium, titanium and zirconium). For each crystal, the 
first slip system which became operative was noted ; : 
this depends on orientation as shown in Fig. I. 
From the position of the boundary AB it 18 seen that 
the critical resolved shear stress for (0001) slyp is 
about half the critical resolved shear stroga for 


aolo 





(11%0) 
Fig. 1. Inhially operattre silp system as a fonction of orientation 
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ee slip, the actual values being approximately 

300 p.s.i. and 2,400 p.s.i. respectively. 

All crystals were very ductile with elongations 
greater than 40 per cent. Specimang oriented with 
either a <1010> or a <1120> direction 1 to 
the tensile axis deformed by duplex {1010} slip and 
necked down to æ chisel-edge type fracture. In 
crystals oriented so that alip occurred initially on 
only one {1010} plane the lattice rotated mto an 
orientation which gave duplex {1010} slip, leading to 
a similar fracture. The work- rato was 
more rapid for slip on a {1010} plane on the 
(0001) plane, ee {1 10} alin diwri he 
rate was greater still. 

In contrast with this behaviour of rhenium crystals 
oriented with a <1120> direction parallel to the 
tensile axis, ane oriented beryllium crystels‘ 
deform by single (10 0} slip leading to fracture on a 
{1130} plane elongations of about 10 per cent. 


Table 1 

















08 


4-5 (ref. 5) 


> 8-7 (ref. 7) 








When the behaviours of oroen hexagonal 
metals which slip on the { 1010} planes are compared , 
it appears that the ecreases as prism slip 
becomes more difficult (Table 1). Hauser, Landon 
and Dorn’ reached a similar conclusion on oo: i 

magnesium with .magnesium bese alloys. Such a 
correlation is compatible with current ideas on 
fracture ; ` for it is generally believed that for brittle 
fracture to occur, energy must not be dispersed by 
plastic flow, and when multiple Sip is possible, this 


caba, op Te Craighead, O. AL, and Jaffee, E. I. J. Afetels, 7, 108 


3 Qburehman, A. T., (to be published). 

s mee , A. Davis, M., and Lever, B. F., J. Sol. Insir., 34, 142 

‘Tuer, G. L, and Kanfmenn, A. R., “The Metal Berylitum”, 372 
(A.B2AL, 1955). 

*Churehman, A. T., Proe. Roy. Sos., A, 986, 216 (1054). 

*M A Da Moguen, M, E “Tttantum” (Butterworths, 

' Rapperport, B. J., das Met., 7, 254 (1050). 

r Taniman Da ana F., “The Metallurgy of Zireonium” GloGraw- 

ow York, 1 


Hamer E E Landon, P. E, and Dorn, J. E. Treas. Amer. Soc. 
ei, $0, 56 (1058). 
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Borrmann Effect observed in an Aluminium 
Single Crystal 


In X-ray diffraction studies of a neerly perfect 
single crystal, Borrmann e al.’ observed, anomalous 
increases in the intensities not only of the diffracted 
but also of the transmitted ray. This phenomenon 
was interpreted by Laue* from the dynamical theory 
of X-ray diffraction. Such a dynamical effect on 
X-ray diffraction, however, haa hitherto been observed 
only on some kinds of natural crystals of good quality. 
Fortunately, recent techniques are makmg it possible 
to obtain substances of high purity, and consequently 
experimental studies of the dynamical effect are 
possible without serious difficulty. 

In general the orystal structure of a metal single 
crystal is imperfect, and accordingly the dynamical 
affect will be negligible. Lately, however, the change 
in the integrated intensity of X-rays due to cold-work- 
ing hae been examined with aluminium single crystals 
and a large affect of extinction was observed’. This 
Sei Se ee ee a 
was of good quality, and so the abnormal transmission 
described here might be observable in such cases. 
Hence the present experiment was carried out to 
ascertain whether it is possible to see the Borrmann 
effect in the aluminium single arystal also. 

The crystal specimens were made by the following ` 
process: aluminium 99-885 per cent in purity, was 
cold-rolled into strips, mL pneartard 4 mm. in thick- 
noss, and after and washing, the stripa were 
annealed preliminarily at 500° O. for 2 hr., and after 
subjecting to 2 per cant elongation they were heated 
at 600° O. for 150 hr. PE O ene eine ea 
In the X-ray examination s copper 
at 15 kV. and 7 mamp., Se ae aaa: 
in thicknees was inserted, and the beam aperture 
was of the order of 6°. Tho irradiatod area of the 
specimen, was about 5 mm. in diameter, and the 
X-ray source was of the order of 1 mm. in diameter. 
The specimen was mounted on 6 goniometer and 
adjusted so as to obtain a (200) reflexion. The 
glancing angle of the incident ray was about 75° 
when set at the Bragg angle. An X-ray film, which 
was masked with a black peper, was placed so as 
nearly to touch the back surface of the specimen. 

In some cases the Borrmann effect could be 


mision Laue 
surface of which was ground carefully with emery 
tranemitted ray 


(ben Aletear 7 an edge of the specimen 
4 } 





Tg. L Xray image of an aluminium single arysiaLl {x 10) 
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Wig. 2 Xray photograph of an almtatum emg eral showing 
paper. pits Slee eee ty eee anii 
into two These correspond to an intense 
reflexion from the thin layer of either surface of the 
specimen’. The observation indicates a large 
extinction effect. Therefore it may be concluded 
that the Borrmann effect is also observable in an 


melting, 
structure of the crystal will become observable more 
clearly with such materials of high purity. 
Korom NAKAJIMA 
Sraesyvasu KODA 
Research Institute for Iron, Steel and Other Metals, 


Tohoku University, 
Sendai, 
Japan. 
1 Wa 
Pone ae , Time, £- oan Fadl er Peri ~ Hartwig, 


‘yon Lane, M., a ee 
* Sa SADa E e Rea. I Tohoku Unis., 
ko, r doan DA S 


CHEMISTRY . 


The Silicon-Borón ‘System 
Raecawriy the synthesis pf a Gompound of the 
composition SiB, has been reported in two articlea!.*. 
Concurrent with this work we have been investigating 
this compound as a part of our programme for study- 


i typo 
furnace ; Gy be ans k EENE OE EOE (ES 
10 per oent) and gilioon (about 80 per oent) in a high- 

induction furnace in an argon atmosphere. 
The last method 


usually gives very beautiful 
of the new silioon boride (BiB,) cutbodiied in the alison 
phase. The expess silicon was dissolved in a nitric 
acid-fiuoric acid mixture. 
Be ee A E E 
we were able to study the behaviour of silioon- 


July 2, 1960 Vou 187 


boron mixtures under various conditions. We have ` 
found that at temperatures between 1,200 and 
1,880° O., the new compound is formed at first, 
but is then slowly deco into SiB, and silicon. 
At nage hentia below 1,200° C. ib is stable for long 
Sere eens pure compound, apparently free from 
iB said alleat, kea been prepared frora tieretoinhic- 
metrio mixture heated at 1,200° O. for about three 
weeks in an argon atmosphere. 
Several of our chemical analyses and density 
measurements indicate the formula’ BiB, petal 
per cent mlicon). Some of cur analyses, however. 
gave higher values of the silicon percentage (up to 
48 wt. per cent silicon) and some density measure- 
ments also gave considerably higher values ( 
2-55 gm.jam.") than the one caloulated foe BiB, 
from our unit cell data: a = 6-319 + 0-008 A. 
b = 12-713 + 0-010 A. (2-48 gm./om.*). (Compare 
the result of Moissan’s investigation’ of apparently 


the same compound : formula SiB, density 2-52.) 
-Thig 


intensities from different samples. 

From Weissenberg data a two-dimensional Patter- 
son. projection along the hexagonal c-axis was carried 
out.. The result bears a close resemblance to the 


gai a oal bs tetiba do believe that the (ref. 4), 
and it would be reasonable to believe that the two 


shows that in the 0,0 Sates cay ee uae 
tasted, aboub 940A, apart The other atomic 
positions form icosahedrons in approximately the 
same manner 48 in OB,. The atoms of an icosahedron 
are of two different sizes, the atoms forming the top 
and bottom of the icosahedron having higher electron 
density than the others. 

A reasonable way to interpret these facts is the 
following. Consider the space ‘group Rëm, formule 
8iB, with 9 molecules in the hexagonal cell. 6 of the 
9 silicon atoms are placed in a 8o position, the other 
alison ayoa and 4 Boon atana are Gly 
distributed over an 18h, position (x av 0-11,% aw 0-87), 
and 18 boron atoms are placed in an 18h, position 
(> = 1/6, s w 0-02). The remaining three boron 
atoms may be placed in interstitial positions or 
the composition may not be SiB,. The presumed 
substitution of boron atoms by silicon atoms in 18h, 
naturally gives room for a large variation of the 


composition. 

In addition to the work on SiB, we have made 
some preliminary measurements on & part of the 
liquidus curve of the asilicon—boron system. The 
result is given in Table 1. It is evident that there 
is a eutectic at about 8 per cent boron. 


Table 1. LAQUIDUS TEMPERATURES OF BILICON-BORON Nirrvas 








Weight per coent boron | Temperature of final of 
the solid phase 


1,420 
1,415 
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The work on this liquidus curve and on the struc- 
ture of BiB, will be continued. A three-dimensional 
Fourier synthesis is being carried out at the moment 
and the exact parameters will be published later. 


CYRILL Brosarr 
Barer Maagwosson 


No. 4731 


Institution of Inorganic Chemistry, 
Chalmers University of Technology, 
Gothenburg. 


1 Colton, N., J. Amer, Chem. Soc., 38, 1002 (1960). 

* (ine, O. F., and Sands, D. H., Natures, 185, 456 (1900). 
a EA Po, Aal T Ae nA Paris, 181, 139 (1000), 
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, N. Q., O.R. Acad, Soi., URSS., 
ae dia old Tae eat at the parameter 
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Some New Hydrides of Iron and Osmium 
Stantu hydrido-complexes of the type irans- 


first stable derivatives cantaining = metal (ire) from 
the first transition series. Theso sre interesting 
because the halo-hydrides (1) and (IV) show enor- 


was 
metal and gaseous h: They have the trans- 
octahedral structure shown below and their properties 
are summarized in Table 1. 


Table Í. PROPERTOS oF THE OONFLNIX IROX Hypmpm 


Oom Chapa water 
3 ( mp. ) FoJE Mas Srey O- ) 
Beene doo. LÉGI) 716{m) 1.2504) B35m) +18-4 (O) 

i, eo) 1,8861) = +301 (GH) 

R des, a. 220° 1 RY = — — +360 (O,H,) 
Trane-{PeE{o-OsH(PHts)s}x] (0) i8 propared by 
disso. finely divi iron in the diphosphine, 
o-0,H,(PEt,),, at 100" Nea hydrogen at atmo- 
spheric pressure, i trans-[FeOl, 
pa -0H (PEts)s}a] or LOO H, Eta)a}a[Ee01] 
exoeas lithium salumimium hydride. It is an 

substance, easily soluble in organic 


remarkably stable but very sensitive to air. shi 
crystalline hhydrido-chlorides (H) and (Hd) 
obtained by lithium aluminium hydride reduction of 
trons-[FeCl,(diphosphine),], while (IV) is made by the 
reaction of trans- [eH o-O.H (PEt,) with one 
equivalent of hydrochloric acid in dry ether. 


X = H, P—P = 0-0,H. (Pah 
X = 0, P—P = OHP Ihh 
X = 0, P—P = CGH (Peh 
X = 0, P—P ~ o0,HE P Ehh 





Pere ‘[OsHCKO,H (PEt) s}a} which completes the 
of phosphino- 


first eutropic series hydrides, has also 


been and a comparison of properties is 
made in Table 2. 
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Table % Som PROFMETIMS oF trene-{MH OOH (PBt)h] 
(M = F3, RU, O8) 
x t CHa D: tæ 
mp. ujal’ M., Wa! 
(+02 D) y Mandard) 
Fe 1545-1555 dee. red 425 1,848 +301 
Ru 176-8176  eobouis 40 1% tent » 
Os 1708-1715 colours 46-4 2,081 ee 


increasing 
The chemical shift of the proton resonance in 
compound (II) is the largest ever recorded. It is 
even greater than tha shift of the proton resonance 
in water relative to the unshielded proton (27 


p-p). 
We are indebted to Dr. N. Sheppard of the Univer- 
sity of Cambridge for the nuclear otic resonance 


spectra, to Dr. D. M. Adams for the infra-red spectra 
and to Mise L Bates for the dipole moment determ- 
instions, 


J. Onarr 
F. A. Harr 
R. G. Hayrun 
Imperia] Chemical Industries, Ltd., 
Akers Research Laboratories, 
‘Lhe Frythe, 
Welwyn, Herts. 


e A yin Proc. Cham. Soc., 153 (1959). 
Se and Bhan, Pros. Obim, 308, 343 (1957); Chem. 
and Indust., 850 (1958). 
* Green, Street and Wilkinson, %. Weturforsak., 788 (1059). 


Gas Liquid aaah ra be oid of Conjugated 
Fatty ds 


Tus heating of polyunsaturated fatty soida in 
alkali is known to cause re-arrangement of the 
double bonds to form a conjugated system’. The 
effect of this isomerization on the behaviour of 
polyunsaturated fatty acids in gas liquid chromato- 
graphy has been studied in relation to Imoleic and 
Imolenic acids as found in wheat flour oil. 

Oil was extracted by shaking the flour continuously 
for 2 hr. with carbon tetrachloride under nitrogen. 
The extract was filtered to remove flour particles and 
the solvent removed under vacuum in a rotary ova- 


porator. Unconjugated fatty acids were prepared by 
saponification of the oil under ni with 0-5 N 
methanolic potassiam hydroxide, uxing for 2 hr. 


Following acidification and ether extraction, the free 
fatty acids were methylated by reaction with 
diazomethane*, 


Conjugated fatty acids were prepared by an 
tion of the alkaline isomerization method" for 
of unsaturated fatty acids. The oil was heated in a 
solution of 6-6 per cent potassium hydroxide in 
ethylene glycol at 180° O. for 25 min. under a stream 
of oxygen-free nitrogen. The mixture was cooled, 
diluted with water and acidified, when the isomerized 
free fatty acids were extracted with ether. The 
er ee ee ea aE otra ES TEn 

with diazomethane. 


ta- 


The mired methyl esters were analysed with a 


my. 





18 16 Uu R 10 8 6 4 32 
' Time (mh.) 


liquid chromatograms of rogram of fatty acid methyl estara from 
Orie es otek Mica 


den tifice tion : plore palmitate mothyl stearate ; 
R ; mothy] oleate ; (9) m mothy! Hnoleate ;- iss methyl Unolenate : 
6) methyl lmoleate, d isomer ; (7) methyl linolenate, 


methyl esters of the unisomerized and isomerized fatty 
acids (Figs. la and b) show that following isomerization 
there is a change in the position occupied by the esters 
of linoleic and linolenic acids, the conjugated isomers 
being retained by the stationary to a greater 
extent than the unconjugated aci 

.. ‘The retention volumes for individual esters, and the 
. percentage composition ofthe two mixtures are given 
in Table 1. These results show that isomerization 
increased the retention of 
cent, and of methyl lmolenate 24 per cent. The 
excessive of the ria cape fatty acid 
ester peaks in Fig. 1b maybe due to-the presence of 
Such isomerism in a conjugated system has been 
Table 1. 


1 linoleate by 36 per 


Gas Liqurp QmmomarognaTEY AWALYSIs OF IsOMmRTEND 
AND UNISORORAED FLOUR OM 
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shown by Hoffmann and Keppler to affect the 
position of 2,4 decadienals in gas liquid chromato- 
oraphy on a gilicone-oil column. 
presence of 2-9 per oent of unconjugated 
methyl linoleate in the isomerized sample indicated 
incomplete isomerization of the oil by the method? 
used. This was reflected in the low figure of 60-1 per 
cent for conjugated methyl linoleate as compared 
with the presence of 65-9 per cent methyl linoleate 
in the unisomerized sample. However, the total 
poon eee Oera eide an the bee 
samples agreed well (unisomerixed 70-9 per cant, 
isomerized 69 - 6 per cent) and was within the expected 
error of a aingle-ran determination. 
The effect of isomerization on the position of these 


oor polymer stationary phase mentioned above ; 
that is, moreasing unsaturation shortens the reten- 
tion time of acids having equal carbon chain- 
lengths. 

As previ found, the retention time of the 
polyunsatura: acids was increased after isomerixa- 
tion. Lapel eae retention time for methyl linoleate 

P r re nee, 
prance change was particularly striking 
since before isomerization the unsaturated acids were 
not seperated by this colamn, whereas after isomeriza- 
tion methyl linoleate was completely separated from 
methyl oleate, although ita position was now coin- ° 
cidént with that occupied by methyl stearate. 

The marked change in retention time of poly- 
unsaturated acide following isomerization demon- 
strates the i of using mild conditions for 
= _Saponification of lipids containing such acids 

the preparation of the free fatty acid esters 
oe gas liquid chromatography. Thus, inadvertent 
formation of conjugated acids during the saponifica- 
tion procedure is likely to give rise to anomalous 
peaks on the chromatograms which will affect both 
Sense rana analyses of the acids 


, an alternative method of preparing 
lpid material for gas liquid chromatography analynis 
is perhaps to be preferred. Inter-esteriflcation with 
dry methanol in the presence of an acid, followed by 
extraction and: high-vacuum distillation of the 
methyl esters formed’, is one such method, and is now 
being .used exclusively in this laboratory. 

We wish to thank Mr. R. J. Davies for technical 
assistance in this work. 
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“Hoffmann, G., and Keppler, J. G., Natures, 188, 310 (1060). 
air Oha, F., and Ahrens, fun, N. H., Anal. Chom., Si, 307 
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RADIOCHEMISTR% 


Radiolysis of Highly Enriched 18 
Water Solutions containing Hydrogen 
Peroxide-16,16 


ee ae oe ee ee 


Prenon Af Guyeed- 1618 Hew 

Gordon and Hutchison! were able to obtain informa- 
tion regarding some of the reactions of molecular 
oxygen. Beckhurst, Johnson, Scholes and Weiss', 
using water enriched 1-5 mol. per oent in oxygen-18 

at pt 1-3, were able to investigate the incorporation 
of oxygen-18 into the peroxide formed. 
Recently, highly enriched (923-95 atom per cent 

le 


the hydrogen peroxide formed by various mechan- 
isms, while serving as a eoavenger of radicals at the 
same time. 

We investigated the action of 200-kVp. K-rays 
and 2-9-MeV. protons on solutions of approximately 
1 M hydrogen peroxide-16,16 in water, which con-~ 
tained 92-95 atom per cent oxygen-18. 


‘were oarried out in the and 


presence 
absence of initially added oxygen-16,16 or oxygen- ` 


18,18 (84 per cent) and in the presence or absence 
of added 1M bromide. The reaction products im- 

vestigated were ed anna oxygen-16,18 and 
oxygen-18,18 formed during radiolysis as well as the 
same species formed from the decomposition of the 


H; ide was d platinum- 
black, which has been shown ( , M, unpublished 
work) not to produse during decomposition any 
induced between the various isotopic 
species of peroxide. Hydrogen peroxide 
algo does not appreciably ite with 
water. presence of a high concentration of 
h: peroxide protects the hydrogen peroxide 
formed during the isotopio composition 


It was found that in the case of X-rays the 
yield of hydrogen peroxide-18,18 is relatively un- 
affected by added bromide ions; the yield is pro- 
portional to dose up to total doses of 2 Mrads, the 
G value being approximately 0-4. On the other hand, 
in the oase of proton irradiation, the yield of hydrogen 
peroxide-18,18 is reduced by a factor of nearly 10 
when. bromide is present d 


solution irradiated with X-rays is reduced to 

half in the presence of bromide, and to one- 

tenth when irradiation is used. For 

X-rays, the yield of hydrogen peroxide-16,18 

remains ly constant in the pH range 

0-3-1]. b of hydrogen peroxide-18,18 decreases 
ae ly 
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addition to the radical intermediates H and OH 
formed fram the water by the radiations’, it is assumed 
that molecular Poca, E; and H,0,, may be pro- 
duced from watert. 

Our results show that Toda peroxide-18, 18 can 


peroxide-16,16, according to ` 
40H + H“O — “OH + HO — “Om + “OH 


Full details of this work are being prepared for 
publication. 


? Hart, B Gordon, 8., and Hutchison, D, A., J. Ohim. Phys., 58, 
(losa). 
G. B. A., Bohoks, G. and Wols, J., 


* Bankhurst, J. Johnson, 
Nature, is 176 (1959). 

* Wols, J. Fan, Poy 748 ae. 

SAn, A. O. 


A., Proo, Second Int. Conf. Peaceful 
of lenie Hooray, “$0, 30 188). 


Nor-destructive Analysis of Microgram 
Quantities of Silver by Radloactivation 


A wox-pusrrvorivs method of i ugm. 
quantities of silver by use of the nuclear reactor 
JER-1 and an ROL-256-channe] pulse-height analyser 
has been in 

In the present work, a sample (0-1-10 gm.) is 
placed m the reactor for 30 seo. to be irradiated with 
neutrons at a flux of 8 x 104 neutrons per sq.cm./sec., 
cooled for 10 sec., counted for 20 seo., further cooled 
for 10 sec., and counted for 20 sec. The scmtillator 
used is a 2-in. thick, well-type sodium iodide oryatal. 
An alminium veel (3-5-mm. thick) is inserted in 
the well as an absorber for B-rays. At the first oount- 
ing 128 channels in the analyser are used, and in the 
second counting the rest are used. The resultant 
y-spectram shown on the monitor (Braun tube) is 

hed and. the height of photopeak due to 
0:66 MeV. y-rays with silver-110 (Tis = 24-2 poo.) 
is measured. By thé co method the 
amount of silver is i 

An example of the.coefficient of variation of single 
analyses has been obtained by the use of six standard 
samples which include 1:25 ugm. of silver each. . 
The coefficient estimated from six values is only 
2-8 per cent, the average. aree under photopeak 
being 8-4 x 10° counts: Results of analysis are shown 
in Table 1. 

In the case of lead, interference is negligible. In the 
case of bismuth, slight interference due to Bremsstrahl- 
ung is found. In the coase of zino sulphide, though two 


Fig-]1. y-fpectram. Sample: 0'8% of aftver-added sino 
-> galphid Sgm, 


photopeaks due to 0:488 MeV. y-ray with zino-69 m 
and 0:513 MeV. y-ray with zino-71, respectively, are 
found, the extent of interference is small (Fug. 1). From 
this the lower limit of the detection of silver in zino 
sulphide is estimated at about 1 p.p.m. Further, it 
can be deduced that, if the matrix of a sample is 
made of an element which 18 less activated than xino 
under the conditions described above, the detection, 
limit of silver is lees than 1 p.p.m. Such elements 
have been found in the literature on tho basis of 
activation crosa-section, half-life of nuclide formed, 
abundance of unconverted y-photans of nuclide 
formed, and of neutron absorption oross-section, 
and are shown in Table 2. 


Tablo 2 HOMON IN WHICH THN Loar or Byar 1 


THAN 1 PPM 
(Arranged by Inoreamng y-actrvity to bo induood under conditions in 
H He Be 0 N Pb 
Re o tr 8 Bul Y & 


I hope to publish a full account of this work in the 
Nippon Kagaku Zasshi (Journal of the Chemral 
Sootety of Japan). 

I am indebted to Prof. Shoji Makishima for en- 
couragement, and to Dr.-Toshio Nakai for permission 
to use laboratory facilities. My thanks are also due 
to Dr. Seishi Yajima, Dr. Yuichiro Kamemoto, Mr. 
Koreyuki Shiba and Mr.,Teratomi Moki for their 
help with the y-spectra. ; ' 3 


Radiolytic Oxidation of Ferrous Solutions 
with Standardized Internal Sources of 
Phosphorus-32 

Tua ‘Fricke’ solution is the most common chemical 
dosimeter in use at present, but the G-value of the 
oxidation is still not universally . We have 
redetermimed this value by radiolysis with 100- 
250 roo. phosphorus-82 dissolved in asir-saturated 
0-8 N sulphuric acid containing 10> M ferrous ions 
(as ferrous ammonium sulphate) and 10-3 M chloride 
(as sodium chloride). The energy dissipated by the 
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radioactive decay was determined from standardiza- 
tion of the radioactivity by 4x-proportional countmg 
as well as 4r-liquid scintillation counting, and an 
acceptance of the calculated value! of 0-69 MeV. for 
the average energy per disintegration of phos- 
phorus-33. 

The standardization values as obtained by the 
4r-liquid scintillation method are about 1-1 per cent 
higher than those from 4x-proportional counting. 
This discrepancy is consistent and quite reproducible*. 
For some years now it has been believed that the 
proportional counting method was very nearly 100 per 
cant efficient for high-energy beta emitters such as 
phosphorus-32*, but recent work‘ using sodium-24 
and phosphorus-32 incorporated in the same oom- 
pound, *“NaH,"PO,, in which each radionuclide was 
separately standardized, the former by f-y ooinoi- 
dence and the latter by 4n-proporti counting, 
showed that the self-absorption correction for phos- 
phorus-32 amounted to about J per cent. Tt is thus 
possible that the newer 4r-liquid somtillation method 
may be more accurate than 4x-proportional counting. 

Carrier-free phosphorus-32, produced by neutron 
irradiation of sulphur, contains some phosphorus-83. 
The relative amounts of the two isotopes were 
determined by measuring the radioactivities of the 
lines corresponding +o mass-charge ratios between 47 
and 51 as obtamed by the isotope separator of the 
National Physical Research Laboratory, Pretoria. 
The pbosphorus-38 content was 1-6 +0:16 per 
cent of the total activity. 
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Fig. 1. Variation of apparent G-valus with radius-t 


Corrections for the lose of energy through the walls 
of the containers were made by measuring the appar- 
ent yield, G,, for each of 22 spherical glase containers 
of radius r and extrapolating the plot of G, against 
lf to sero. Fig. 1 shows the results obtained 
(standardization by proportional counting). The 
errors marked are standard errors for each flesk, and 
the straight line is that calculated by the method 
of least squares, each point being given a statistical 
weight in accordance with the number of replicate 
determinations made with the corresponding flask. 
The same data were used to determine the ‘95 per 
cent error’ of the G-value at infinite radius. The results 
obtained were : 


for 4n-propartional 


counting — i 
for 4n-liquid sointil- 
lation counting 


15-39 + 0-04 ions/100 eV. 
15-21 + 0-04 ions/100 eV. 


- The assumption of linearity of G, with 1/r is justified 


by the fact that the discrepancies between values 
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obtained from thé’ “straight Hine: and those caloulated 
from data published by Hine and Brownell? lie within 
the experimental errors. 
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Oxidative Phosphorylation: Synthesis of 
Adenosine Diphos by the Oxidation 
of Quinol Phosphates 


Taa importance of oxidative phosphorylation in 


reported the formation of morganic pyrophosph: 
during the oxidation of 2-methyl naphtha-1 : 4-quinol 

in aqueous solution in the presence of 
hate, and this work has now been extended 


phosphate has been transferred to adenylic acid as 
substrate, and in the other the nucleotide hag been 
transferred to morganic phosphate as substrate. 

In the first of these two syntheses of adenosine 


presence 
adenosine-5’-phosphate 
conditions in N,N-dimethyl formamide. 
of excess bromine by cyclohexene and evaporation of 
the solvent, the residue was dissolved in water and 
TET down a cation-exchange column (‘Amberlite 
hea fells The eluate and washings were 

the residual gum dissolved in ethanol, and 
peer ione nucleotide fraction precipitated with ether’. Re- 
petition of this procedure removed ortho- and pyro- 
ph The nucleotide fraction was chromato- 
graphed on an anion 
Ct form) and the adenosine diphosphate isolated as 
the free acid (yield estimated 
25 per cent). The product the correct analysis, 
& phosphorus to nitrogen ratio of 1: 2-51, and ran as 


horesis. An enzymic estimation (on & sample 
which had been kept for a week) using phospho-enol 
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of 87 
pes 


cent adenosine diphosphate and 13 per omnt 
E Ses 
the, second synthesis, a ae 74 quinol 
estat of BARE MLL wan ogidixed bx tho presence of 
inorganic pHosphate. Adenosine diphosphate was 
again isolated as ths free acid and-areayed as before. 
The resulta obtained in the two ‘synthoses were 
virtually identical. 

Further dotaila of this work will appear elsewhere. 
We are indebted to Dr. K. J. M. Andrews 
Products, Ltd.) for helpful discyssion and the provi- 
sion of certain materials, and to Dr. J.. B. Chappell 
(Department, of Biochemistry, .Cambridge) for the 
entymic sassys. š 
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N-Terminal Amino-Acids of Bovine 
- Antibody 
obulin has been shown to be a mixture 
of molecules ing N-terminal amino-acids, aspartic 
acid, glutamic acid, serine, alanine and valine with 
a total of lesas.than 1 mole/mole of y-globulin'. A 
partial fractionation was achieved by ee 
Soy of y-globulin; the molecules with 
terminal aspartio acid, serine and alanine were 
prec eee im the faster running fractions, but 
valine, the principal N-terminal acid, was present 
in all the fractions’. Glutamic acid was present in 
only trace amounts in all the fractions. 

In view of these results, we that there 
were two types of y-globulin: (1) with N-terminal 
valine, and that partial Er (2) with N-terminal 

and that a partial fractionation of these 


Bovsa y- 


two types had been obtained. MoFadden and 
Smith} analysed y-globulin from & oow which had ` 
been. with mixed antigens and ` 
found a much higher’ odntent of N-terminal valine 
and only traces of other amino-acids. 

This led us to, suggest that antibody y-globulin had 
only N-terminal vdline, and that the molecules with 
the other N-terminal amino-acids were really B-type 
globulins which have~an electrophoretic EIE 
similar to that of antibody. We also found that 
true B-globulin had N-terminal aspartio acid, ghitamic 
acid, serine, alanine, threonine, but no N-terminal 


The gift of bovine antibody to a well-characterized 
antigen (rabbit serum albumin) by Drs. F. J. Dixon 
and W. O. Weigle enabled us to test our suggestion. 
The bovine antibody was received as a freeze-dried 
specific precipitate prepared from the colostrum of 
an immune cow. It contained 19 per cent of rabbit 
serum albumin. Rabbit albumin was found to have 
glutamic soid as N-terminal amino-acid, present in 
0-6 molefmole albumin. The N¢éerminal amino- 
acids of the specific precipitate, after allowance for 
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Table 1. N-Tuewimat AMKO-ACIDS IN BOYONE y-GLOBULIA 

















the N-terminal glutamic acid present in the antigen, 
are given in Table 1 together with a parallel determin- 
ation of the N-terminal acids of bovine y-globulin 
(Armour Laboratories preparation). 

The results for the commercial preparation of 
bovine y-globulin agree well with previous results’ 
and it oan be seen that the N-terminal amino-acid 
content of the antibody is almost equally complex. 
Glutamio acid is apparently absent, after allowing 
for the contribution of the rabbit albumin present in 
the specific precipitate, but the other four terminal 
acids are present, all in somewhat lower amounta. 

These results do not support the previous suggestion 
that the complexity of N-terminal amino-acids of 
bovine y-globulin arise from contamimation with 
biologically unrelated 8-type globulin. The low total 
yield suggeste that in half the molecules the tide 
Eae are Gydlios on at dene EE 
prevent the reaction of the fluor-dmitrobenzene with 

We wish to thank Drs. Dixon and Weigle for their 
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Action of Nucleic Acids on the Inhibition 
of Growth by Actinomycin of 
Neurospora crassa 


Acrinoscyons is well known to possess cytostatic 

ies in mammalian tissues’. Foley e al." 

ve shown the inhibitory effect of actinomycin on 

the oell-growth of 12 microbiological systems under 

various i conditions. In our work on the 

mode of action of actinomyom, Neurospora orassa 
was used as teat o iam. : 

Recently, Beers? has shown the inhibitory affect of 
dyestuffs on the synthesis of polyadenylic acid in 
M. lysodeiktious. The mechanism of inhibition is 
supposed. to be due to the formation of dye—polymer 


complexes. Steiner and Beers‘ were able to demon- 


strate formation of dye—polymer camplexes between 
dyestuff, polynucleotides and yeast ribonucleic acid 
and deoxyribonucleic acid. An interaction between 
dyestaff and deoxyribonucleic acid was also shown by 
Lawley’. These findings suggest that actinomycin 
may act in the same way. It therefore seemed to be 
of interest to us to study the action of deoxyribo- 
nuoleio acid, ribonucleic acid and polynucleotides on 
the growth inhibitory effect of actinomycin on N. 
crassa. 


NATURE 


July 2, 1960 VoL. 187 


The materials used were: actinomycin O from 
Bayer, Leverkusen; actnomyom D from Merck, 
Sharp and Dohme; deoxyribonucleic acid of low 
molecular weight from Th. Schuchardt, Munich = 
deoxyribonucleic acid I; deoxyribonucleic acid of low 
molecular weight fram O. Roth, Karlsruhe = deoxy- 
ribonucleic acid IT; deoxyribonucleic acid of high 
molecular weight from O. Roth, Karlerohe = deoxy- 
ribonucleic acid IH ; ribonucleic acid from C. Roth, 
Karlsruhe, Th. Schuchardt, Munich, and C. F. 
Boehringer, Mannheim. 

Growth of N. orassa was followed in horizontal 
tubes according to Ryan, Beadle and Tatum* (for 


“farther details see Rauen’). The test-medium was: ` 


Fries minimal, pH 6-3 ; concentration of actinomycin 
5 pgm. ~0-0025 umolj/ml.; growth inhibition at 
96 br. 90 per cent hydrolysis of deoxyribonucleic 
acid and ribonucleic acid was performed as described 
by Schmidt*. 

Table 1. REYMRSL O oy AcriNoMyYom sy DEOXY- 


7? Dror 
RIBONUCLEIO ACID ae Rusowvanmio AoD (RA A) amp Som or 
THEIR ATION PRODUCTS 





peibbae ofa asa 
00 per cant, 








60 per œnt 
50 200 
80 80 
25 00 
50 200 
80 100 
25 60 
25 tt) 
no offpet 
60 200 
no effect 
600 
ia | 
1,400 | 
no effeot 











As shown in Table 1, deoxyribonucleic acid and 
ribonucleic acid and some of their degradation 
products, presumably oligonucleotides, counteract 
the growth-inhibitory action of actinomycin on N. 
crassa. There are some differences between deoxy- 
ribonucleic acid of various origins and of various 
molecular weights. Obviously ribonucleic acid is far 
lees effective than deoxyribonucleic acid. The 
degradation products of deaxyribonuoleic acid and 
ribonucleic acid, after alkaline and weak acid hydroly- 
sis, are of about the same activity as deoxyribonucleic 
acid and ribonucleic acid themselves. Degradation 
products of nucleic acids of low molecular weights, as 
are found by extensive hydrolysis, are ineffective. 
It is, however, of interest to note that commercially 
available purines and pyrimidines in high conocen- 
trations (referring to actinomycm) abolish more or 
leas the cytostatio jes of actinomycin. Adenine, 
adenosine and adenoame mono-, di- and tri-phosphates 
at concentrations of 1 pmol./ml. reverse the effect of 
actinomycin to about 50 per cent, 4—5 pmol./ml. to 
about 100 per cent. Guanine, xanthine and hypoxan- 
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their weak solubility. Guanosine and inosine were a8 
effective as adenosine. At a concentration of 4- 
5 pmol./ml., certain apiye ngin purino deriva- 
tives, for example, 8-asaxanthine and 8-chloroxan- 
thine, also counteract the actinomycin effect in this 
organism to an extent of 50 per cent. The 
were found to be not very effective. With 10 umol. jml. 
of thymine, cytosine and uracil each, only 80 per cant 
release of actinomynin inhibition was attained. It was 
further barred, E enough, that some 
Lacie ee fae parting Laney derivatives, for example, 
methylpyrimidine, which 


suggestion directly 
deoxyribonucleio acid, Ar A of deoxy- 
ribonucleic acid and to a much lesser extent with 
ribonucleic acid perhaps by formation of dye-polymer 
complexes. The effect of purines and pyrimidines is 
supposed to be a kind of lacement of actinomysi 
from ites site of action in living cell. The high 
concentrations required of these substances is evidence 
in favour of this view: 

How far this interpretation of experimental resulte 
Be es PURE eRe era boy nuns en E 
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Blogenesis of Ascorbigen, 3-Indolylace- 

tonitrile and Indole-3-carboxylic Acid 

from D,L-Tryptophan-3-'4C in Brassica 
oleracea L. 

Durme earlier work we found that ascorbigen (the 
bound form of ascorbic acid) is an indole derivative. 
In view of the fact that the indole moiety of ascor- 
bigen possesses as carbon skeleton identical with that 


may be the 
ascorbigen. a pene experiments we found 
that the level agsoorbigen in kohlrabi was raised 
after the injection of tryptophan into the bulb’. 
Jones and co-workers* have advanced the theory 
that 3-indolylacetonitrile, the plant growth stimulator 
(auxin) in the genus Brassica, may also be synthe- 
sized in vivo from han. 
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Brassica oleracea L., var: sabauda (Bavoy cab ). 
Tryptoptian was administered in the form o 
aoaaa ee oi DORO ealitiens which was taken up 
by the plants in the course of 3 hr. The plants were 
then, transferred: to a container with distilled water, 
where they were 1éf for 48 hr. in light, and at a 
temperature of 25°. The plant juice (20 ml.) was 
extracted with 10 ml. of light petroleum, in order to 
eliminate paraffins and waxes’, and four times with 
10 ml. of ethyl acetate. - The ethyl acetate extract 
` chromato- 


chromatogram on a flow counter with automatic 
registration showed that the Ry-value*of the most 
active zone corresponded to the By-value of ascor- 
bigen (0-5). Another zone of activity was found in 
the range of Rp-values from 0-7 to 1-0 (Fig. 1). 





with an 
(methane fow oounter). 


mat acetate 
extract. O} Crean ato ee pape 


The zone of maximum radioactivity (Ry 0-5) was 
eluted, and the eluate treated with 1 per cent sodium 
hydroxide solution. The solution was re-chromato- 

in the same solvent system as before. It was 
ound that the eluted active substance behaved in 
Hib connie at eis nana ke ca 
into a number of degradation 
in the 0-5 Ry-zrone (ascorbigen) od, but 
eL Gee he gen oe ey feline 
Ry-values: 0-9, 0-15 (substance O, see refs. 5, 9, 10) 
and on the starting-line (substance S, refs. 10, 12). 

The eluate of the zone Ry 0-7-1-0 from the first 
chromatogram was ré-chromatographed in the system ` 
carbon ne acid/water", and iso- 

other 


acid. Some other non-identified active products were 
found in the extract as well. 

From these experiments, the conclusion may be 
drawn that tryptophan can be utilized in the genus 
Brassica oleracea L. for the synthesis of a series of 
ee e T 

ascorbigen, 3-indolylacetonitrile, mdole-8-carboxylic 
acid and other derivatives. 

Pu garg apelin enc Alot aie be aes 
approach to the preparation of labelled ascorbigen 
that could be of considerable use in the study of ite 
fate and role in plans and animal 

details 
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Electrophoretic Pattern during Amphibian 
Development 


PAPER became a suitable technique 
for embryological purposes when Kohn! proposed the 
use of pure cellulose acetate as a supporting 
instead of filter paper. This . 


phibian embryo yields enough 
protein to give a clear electro- : 
Individual embryos of Triturus oe 
alpestris of every stage from the 
uncleaved egg to stage Glaser 26 
were sucked up into a capillary 
tube, frozen, thawed and centri- 
fuged at 7,000g for 20 min. The ze 
clear supernatant minus the fat 
layer was applied as a thin lme 
across 4 oelluloge sacetate strip 
(100m. x 50m.). The same yerdnal 
buffer pH 8-6 (0-05 M) wag usèd for 
ing and 
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uncleaved egg. Ab the tail-bud stage, two of the 
strongest bands (the third and the fourth from the 

rednoed and 
same place, two very 
narrow bands make their appearance and remain to 
the last stage examined (stage 26). These resulta are 


' summarized in Fig. 1, which shows the fate of the 


different protein bands during develop ment. 
Spiegel", using paper electrophoresis followed by 
wie, h Toa ai] blue, could detect six - 
cathodic and one or two anodic bands in Rana pipiens 
embryos. All the fractions were detectable from the 
unfertilized egg to stage 17 and no new band appears 
ing development. The with our results 
explained by the superiority of cellulose 
acetate over filter paper as a supporting medium. 
Chemical testa have been made to determine the 
nature of the proteins separated by 
The periodic acid—-Schiff reaction of Kéiw and Gron- 


flow. 
(Fig. 1, a, b, o and d) are strongly basophilic : 
ene blue stains them dark blue at pH 3. 
Attempts are now being made to characterize the 
chemical nature of all the bands of the embryonic® 
pattern more precisely and to study the distribution 
of the proteins within different tiasuea. I wish to 


acc Ae A tet ; 


eee i 


Ji 





potential 
applied for 45-80 mm. 
run, the proteins were stained with 
very dilute (1/10,000) nigrosine in 
3 per cent trichloracetic acid. 
The uncleaved egg yields eleven distinct nigrosine- 
positive bands. Five of them are on the positive side 
of the pattern and six on the negative aide. This 
distribution is, however, artificial because of the 
alectro-endosmosis which shifts the starting line 
towards the negative pole. After correction, it is 


During gastrulation and neurulation, the electro- 
phoretio pattern is practically the same as in the 





tovnestropiorat in veronai butter sft B8 fe T i ei 10 yen. en 


electrodes, 8 om. The starting 
endosmosis. A ion a a ii 4 aha, o oa peram in: paatai 
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PHYSIOLOGY 


Electrophyslological Observations on a 
nd-producing Fish 


Soxutransous sound and action potential records 
have been made from a New Zealand marine teleost, 
Oongiopodua lsucopacoilus (Perciformes), the pigfish, 
which produces noises in the water by resonance of 
the swimbladder. The muscles responsible for the 
sound are a pair of delta-shaped intracostal striated 
muscles running obliquely between the vertebral 
intercentra and back border of the pectoral girdle 
of either side of the body, and lying against the 
side walls of the swimbladder. In a fish 24 om. long 
the swimbladder is 4-5 am. and the muscles 3 am. 

The records were made on the two beams of a 
double-beam oscilloscope, the top beam recording the 
action potentials from a platinum electrode touching 
the surface of the exposed muscle, and the bottom 
beam recording the wave form of the sounds in air 
from a orystel microphone (of the type used in hearing 
aids) placed against the opposite side of the body. 
The fish was mounted on a block of wood and per- 
fused through the mouth with aerated seawater. 

The records show the expected correlation between 
the moment of muscle contraction and the onset of 
the sound produced. They were obtained without 
artificial electrical stimulation of any kind, and from 
behaviour observations and tape recordings of the 
fish in aquarium tanks can be taken as representing 
the normal pattern of sound production in this fish. 
Each sound may be thought of as a single drum beat, 
and they occur singly or at intervals of more than a 
second, or as a train of beats at rates of 4-10 per sec. 
when their function probably includes that of threat. 
These repetitive sounds are accompanied by raising 
of the dorsal fin armed with stout spines, and disseo- 
tion reveals that the ipitospinal nerve supplying 
a itap E Ga hae RE A 
to the spine-raising trunk musculature. 

The muscle spike is of extremely short duration and 
consists of a number of summed muscle action 
potentials. Fig. 1 shows the recruitment of fibres 
during the first 6 beata in a train; the synchrony of 
firing of the different motor unita is such that the 
total duration of the summed spike is increased by 
lees than 25 per cent of the imitial one. 


74 a noo 38 1$ 
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Fig. 1. Muscle action potentials ( fruce) and sound vibraidons 
Gower trace) recorded by camera d the start 
of a train soana at Te tek cae ok The two were 
staggered fn posttion: the corresponds to the first 
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Fg. 2. Typical summed musas action potentiel preceded b 
ia moming nervo voliey (soale m tee.) i, roooci nmilar ty 
g arumming 
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The electrical events associated with each oontrac- 
tion (Fig. 2a) last 9 msec. The initial deflexion in 
Fig. 2a is the incoming motor nerve volley recorded 
in volume. The muscle spike, arising after a neuro- 
muscular delay of 1-4 msec., has the following charac- 
teristics : rising phase, 2-1 maeo.; rapid downward 
phase, 0-5 msec., and relatively alow (6 msec.) return 
to resting level from the positive side of the base-line. 
The end-plate potential appears as a shallow slope 
(1-1 msec.) at the beginning of the rising phase. 
Recorded summed spike values are of the order of 
6 mV. 

There is synchrony of contraction between the 
drumming muscles of either side. Oocasionally during 
recording ane of the two muscles would fail to oon- 
tract ; when this occurred with the exposed muscle, 
the action potential of the other could still be seen 
on the recording side and the sound was still main- 
tained (in Fig. 1, the third, fourth, tenth, fourteenth 

_ and sixteenth drum-beets are of this kind); in these 
instances the sound vibrations showed a leas-compli- 
cated and more-consistent wave-form than when the 
muscles of both sides contracted. Analysis of the 
wave-form of the sounds indicates that a 35-cm. 
fish produces a frequency of about 200 cycles per 
880 


It has thus been posible to investigate an overt 
piece of fish behaviour at a basic physiological level, 
and it is to be Hoped that further feetures of the 
behaviour on one hand and its nervous basis on 
the other will be studied in this ion. The 
intracostal muscles of Congtopodua and the pattern 
of impulses they receive from the central nervous 
system are highly specialized for sound production. 
The rapidity and constancy of the twitch contraction 
ensure the production of a specific sound of fairly 
regular wave-form, though the constancy and loud- 
ness of the signal must be limited by the restricted 
properties of the swimbladder as a resonator. Within 
these limitations it would seam, both from the steady 
maximum recruitment-level recorded (Fig. 26) and 
the fact that the observed rate of drumming is many 
times slower than the refractory period of the musole. 
that the system achieves a near optimal and consistent 
signal relatively free from interf & preceding 
drum-beat. In each of the pat, EA illustrated, 
exoept the aixth in Fig. 1, the vibrations of the swim- 
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bladder recorded in sir have almost completely 
dine porci fro. tha kowar trace bafore the Snit ot 
the next beat. Interference is clearly seen in the 
seventh drum-beat. 

Finally, the cerebellum is notably much larger 
proportionately in Congiopoduss than in Trigla—a 
related fish the sounds of which are restricted to the 
breeding season—and in the absence of information 
about the role of fish sounds in orientation and 
communication it is worth speculating that the 
cerebellum is being used in the integration of the 
drumming response possibly in relation to ion 
of its own sounds or those of other members of the 
school. 

This work was done while at the Portobello Marine 
Biologi Station, supported by the Nuffield 
F i I am indebted to Dr. G. H. Satchell for 


in the 
Otago Medical School, New Zealand. 
A. PAOKARD 
Zoological Station, 
Naples, 
Italy. 


Immunoelectrophoretic Studies on 
Purified Human Growth Hormone 


bear asian E Ta gsc plane 
growth hormone have been demonstrated means 


yaad 

and mixed with Freund’s adjuvant’. The injections 
were given once a week for three weeks, each rabbit 
obtaining 2 mgm. each time, and one 
month later 1 mgm. of hormone without 
adjuvant intravenously. One week later the animals 
were bled and the sera tested in hamaggintination 
experiments and immunoelectrophoresis. The hæm- 
agglutination titres of these sera were 1 : 30,000- 
1 : 80,000. 

The immune sera were tested in immunoelectro- 
phoresis against the purified hormone pre- 
paration in a concentration of |] mgm./ml. and against 
undiluted’ human serum from an’ evidently normal 
blood donor. 

All immune sera gave a single precipitate in the 
alow a-globulm region against the growth hormone 
preparation. This precipitate presented an extended 
slightly asymmetric shape against four of the immune 
sera, and when immune serum D was used to develop 
the pattern s two-peaked symmetrical precipitate 
was obtained (Fig. 1). 

The shape of the precipitate is among other factors 

on the relative distribution of serologically 
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1. _ Immmnoelectrophoreiio pattern of 
ects ea ands nonnai sarun om enn) Se £ 
revealed inmune serum O (upper 
and D Gower pla 


. To the far left the albumin precipitato 
soon in the lower basins 


Against one of the immune sera (immune serum B) 
a further precipitate was obtained in the fast a- 
globulin 


evidence of enother erage 
ee Serene 
to represent the Pind iced sige oietg 
tate was found to be i peaked, 
indicating that it consists of two e 


y-globulin in an evidently normal serum. Some of 
the immune sera also reacted with other com: 

as, for example, the a«,-glykoprotein (TBP)* and 

1-2 a,globulins. The y-globulin precipitate in all 
instances more extended than when devel- 
oped with a homologous immune serum. 

In the normal serum, no precipitate was found 
which agreed with the presumed growth hormone 
precipitate as regards electrophoretic position, site 
between diffusion centres or shape of the precipitate. 

An anti-human immune serum did not phi 


mininiy of albumin and vglobalin axe present in the 
purified growth hormone preparation in amounts 
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sufficient to elicit antibody formation although not 
sufficient to give precipitate formation in the present 
experimental 
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tion with a normal human seram by meens of intra- 

besin -abeorption® did not, however, absorb the 

an ies against the growth hormone preparation. 
' Jaw Hresonranp 


Department of Bacteriology, 
Karolinska Institutet, 


Stockholm, 60. 
OABL-ÁAXEL GEMZELL 
Lar Wor 


Konung Gustav V : s Forskningsinstitat, 
Stockholm, 60. 
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* Hayashide, T., ME OH Endoortmol., 06, 044 (1959). 
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Increase of Esterase Activity during 
Intracellular Digesten in a Histophagous 
Ciliate 


` Tum macrophages of vertebrates and invertebrates! 
as well as some Protozoa’ exhibit esterase and 
lipase activity demonstrable by histochemical and 
biochemical methods. Considermg the prominent 
position of the hydrolytic enzymes in digestive 
processes, it seems probable that they have also same 
significance in the Intracelhilar breakdown of par- 
ticles, a common characteristio of both cell-types in 
question. In the course of our recent work on the 
problems of feeding and digestion in a histophagous 
ciliate, Tetrahymena coriisss Thompson, stram W, we 
obtamed some results that may oonfirm this 
assumption. 

Cells of T. corkésst, grown axenically on a tryptone 
(1 per cent) and yeast extract (0-085 per cent) broth, 
were washed twice in Prescott solution and kept 


during the experiments in the same solution. Fresh. 


frozen sections of rat spleen served as food. The 
animals readily i the spleen ocells. Smears of 
unfed and fed (for 1 hr.) animals, and those of animals 
starved (2-24 hr.) in Prescott solution after fi 
were fixed in cold 10 per cant formalin (1 hr.). 
ure of 


Unfed animals exhibited e slight or moderate 
activity on the substrates «-naphthyl acetate, ‘Tween 
60’ and ‘80’. Parallel with the formation of food 
vacuoles a great Increase in esterase activity has been 
observed. Using a-naphthyl acetate, which gives a 

localized reaction product, the food vacuoles 
ae be demonstrated as the site of the increased 
activity (Fig. 1). The ‘Tween’ procedure revealed 
only a general increase in the activity, but did not 
show ite intracellular localisation. In animals 


NATURE 85 





Fig. 1. One fed and two unfed cells of T. corhesi. The food 
vacuoles of the fed mdtvidnal exhibit a strong esterase activity. 


starved after feeding there is a drop in the activity 
to the initial level withm 24 hr. The digestion is 
already completed at this time and the animals 
contain only empty vacuoles as revealed by the 
control slides stamed with hamatoxylin. 

These changes are probably due to an activation of 
the enzymes and may indicate an intimate correlation 
of the esterases with the intracellular digestion. Our 
recent findmgs do not enable us to determine the 
type of the enzymes responsible for the morease 
observed. The splitting of both substrates, «-naphthyl 
acetate and the unsaturated ‘Tween 80’, seems to 
indicate that at least a non-specific esterase and 4 
lipase may be at work. Further studies aiming at a 
more detailed characterization of the enzymes are in 


progress. , 

We wish to thank Dr. J. O. Corliss for the strain of 
T. corliest and the Difco Co., Ltd., for supplying us 
with a sample of tryptone and yeast extract. 


Mixi6s MOLLER 


Jézsur TÓTH 
Lenn Toró 
Department of Histology, 
Medical University, 
Budapest, IX 
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A High-Energy Phosphate Requirement 
for Succinate Oxidation In Uncoupled 
Rat Liver Mitochondria 

Tr has been reported by Borst and Slater." that 
rat liver mitochondria, depleted of endogenous phos- 
phate by pre-incubation with hexokinase and glucose, 
showed & marked phosphate requirement for the 
oxidation of glutamate im the presence of 3,4-dini- 
trophenol. This phosphate irement was attri- 
buted to the substrate-level phosphorylation linked. 
to the oxidation of a-ketoglutarate which is not 
uncoupled by dini enol, Evidemoe has been, given 
that other Krebs-cycle metabolites, such as succinate, 
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citrate, and malate, did not show the same 


this Laborstary* has shown that whan mitochondria 
for 2 mm. at 30° O. with 10+ M 

dinitrophenol or with 10+ M dinittophenol + 10 M 
adenoame-5’-phosphate, in both cases in 0:25 M 
afterwards washed twice with sucrose, 


requirement very 
and Slater in, the case of glutamate and a-ketoglu- 
tarato. In such systems succmmate was the only 
Krebs-cycle substrate the aerobic oxidation of which 
proceeded without any apparent phosphate require- 
ment when the respiration was measured using the 
conventional Warburg technique 

However, a more detailed analysis of the succinate 
oxidation in mitochondria pretreated with dimitro- 
phenol, pesfiamned by iessiriag the ind phase of 
oxygen u with the oxygen electrode, has shown 
that the requirement for phosphate in thia system is 
even more strikmg than that observed with other 
Krebs-cycle metabolites. Moreover, succinate nob 
only required imorganic phosphate for maximum 
oxidation but also the inorganic phosphate had to 
be added to the mitochondris together with the 
succinate, prior to the addition of the uncoupler, sinoe 
inorganic phosphate added after the addition of dini- 
trophenol or of dicoumarol was no longer able to 
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ig. 2 Buiataon of suceinate oxidation adenosine tri- 
eritadions Q peggy a anata O aan OT Oon- 


=) at crs eer ase R Pe A 0 MH arsenate 


(ATP) were 
fo of scocinate is 
parva tits scone DATOR be min, 
stimulate succinate oxidation. Evidence for this effect 
is demonstrated in Fig. 1 by showing the different 
rates of succinate oxidation in mitochondria pre- 
treated with dinitrophenol according to the different 
order of addition of succinate, morganio phosphate 
and dicoumarol. The above effect that the 
presence of both morganic phosphate and succinate, 
prior to the addition of the uncoupler, was needed for 
It therefore 


als em reba a ede oxidizing succinate 

ab Maximum rate 

The validity of this hypothesis was tested with rat 
liver mitochondria depleted of phosphate by pre- 
moubation in the presence of arsenate and dicoumarol, 
since it has been observed’ that incubation with 
arsenate is the most efficient means tried to deplete 
the mitochondria of both i rA 
endogenous phosphate. As shown im 2, the 
Dilton Gf eae neo AE ee es 
pre-incubated for 3 min. in the presence of 2 mM 
arsenate and 6.x 10-* Mf dicoumarol resulted in a 
very low respiration. The addition of 1 mM adenos- 
me triphosphate to this inhibited system was cre 
to stimulate the respiration 4-6-fold, bringing th 
oxidation rate of succinate to about 50-60 ner ost 
of the level obtainable by the addition of dicoumarol 
to rat liver mitochondria in the presence of succinate. 

The possible imterference of repeats aa 


inhibitor of the succmate oxidation in our system, 
although very improbable because of the fact that 
succinate was added last to the umarol- 


inhibited system, was ruled out by the addition of 
oysteine-sulphinio acid, which was not able to 
stimulate the inhibited iration although ib was 
able to remove oxaloacetate by way of a transaminase 
reaction’, Moreover, the oxidation of sunocmate with 
phenazine metosulphate as electron acceptor was not 
inhibited in this 

Another aspect of the inhibition of the succinate 
oxidation, described above, was obtained by testing 
the effect of amytal. As shown in Fig. 8, addition of 
2 mM amytal to mitochondria prior to, or simmul- 
taneously with, the addition of arsenate and 
dicoumarol resulted m 8 complete prevention 
of the respiratory inhibition. This effect of 
was probably due to bringing the mitoch i 
diphosphopyridine nucleotide into the reduced state 
(by way of endogenous mitochondrial substrates) 
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since it failed to occur when the amytal was added 
after the arsenate and diooumarol, or when it was 
tested in mitochondria 


plus adenosine-5’-phoepha 


atoms oxygen per min. 


pretreated with 

; additi f glutamsto 
and inorganio erste to Ws ves opment eR 
ithe anytai etot 


-energy phosphate, oe ey ae 
a ao of the oxidative 


hypothesis 

_ from differen: 
succinate in intact mitochondria is accompanied by 
a high degree of reduction of epee wes ram 
nucleotide, even higher than that observed with 
subetrates linked with diphosphopyridine nucleotide. 
a a arom 
that adenosine te ap influence 
the respiratory chain in spite of the presence of 
phosphorylation-uncouplers, or in other words, that 
dinitrophenol (and other uncouplers) eprarently r road 
inhibit the forward, but not the backward, reacti: 
of respiratory chain phosphorylation. This osont 
is in agreement with the postulated mechanisms of 
phosphate-adenosine triphoephate exchange and 
dinitrophenol-induced adenosine triphosphatase reac- 
tions previously formulated at this Institute’. 

This work has been sided by a grant from the 
‘Swedish Medical Research Council. 
Grovarnd Farom AszonE* 


Lass Kereta 
Wenner-Grens Institute, 
University of Stockholm, 
Stockholm. G 
Feb. 17. 
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Total and /(-+-) Tartaric Acid Inhibited 
Rat Serum Acid Phosphatase 


Tum activity of the total acid phosphatase hea 


been in many of the rat’s tissues, but 
data on the activity of enzyme in rab perum are 
santit, We did not find any report dealing with 


(+) tartaric acid inhibited acid phosphatase in rat 


serum. 
The purpose of the present investigation was to 
determine the activities of the total and H+) tartaric 
acid inhibited acid phosphatase in the serum of rate 
of both sexes. The resulie of our work are shown in 
Table 1. It is evident that the activity of both 
serum total and i+) tartaric acid inhibited acid 
Phosphatase is much hi in the rat than in the 
human serum in which the mean activity is 2-5 King— 
Armstrong units in adults and 5 King- 
units in children’. Although the mean activity of the 
serum total acid tase in amall rata is slightly 
higher than the mean activity in bigger rata of the 
fame sex, and the mean activity in big male rats 
higher than in big female rate, the differences are 
statistically not significant. 


Table 1. Suxux TOTAL AND 1(+) Tamraxto ACID ONIAITED ACID 
Prosrratass tr Bars 





and the 
to the 


White th 
minal ear, orie om oe King 
{ret 0) and Han (ref Oy 
The proportion of the 1{-+) tartaric soid inhibited 
to the non-inhibited serum acid phosphatase ranges 
from 1:2 to 1:1, @ higher proportion than that 
found in humans. The mean activity of the H+) 
tartario acid inhibited phosphatase in the serum of 
big male rata is higher than in the serum of female 
rate of the same age and weight-range (P < 0-05; 
t test). This may be due to prostatio activity. 


aaa 





3 


H 
a 


w 


~ 


Aold phosphatase (King-Armstrong units) 
te 





68 


The pH optimum of total acid phosphatase was 
found to be pH 5-5 (Fig. 1). Dialysis against citrate 
buffer pH 4-9 at 4°O. for 24 hr. did not change the 
activity. 

It is not clear which tissues contribute to the high 
activity of the bital and H+) tubterio aoid inhibited 
acid phosphatase in the rat serum. The optimum 


pH of 5-5 points to the red cells as a possible source 
of the uninhibited acid . (The pH 
optimum of the inhibited could not be 


enzyme 

detected over the range of pH 3—6.) The high activity 
of the 1(+) tartaric acid inhibited enzyme in female 
rata shows that there exist major sources for it other 
than the prostate. 

From this work it seems that yo rate do not 
have statistically higher serum acid phosphatase 
activity than older ones such as in humans’, but 


ee ee ee 
in very young animals this question cannot be 
definitely answered. 


Rat serum with a high activity of total and L(+) 
tartaric acid inhibited acid phosphatase presenta a 
valuable tool for the study of the properties of the 
above enzyme. 

This investigation was supported by grants from 
the General Federation of Labour in Israel and the 
Upjohn Oo. 
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Physiological Media for Tissues of Hellix 
Dunia the course of recent work in this School, 


it became to find & physiological saline 
suitable for the tissues of Helis aspersa er. The 
galine was required for æ series of experiments on 
o; taere ae ere A 


Wi 

Two nen ae themselves for considera- 
tion : that of Bernard and Bonnet! and that of 
Hédon—Fleig*. 
chlorides 
nesium ; no buffer is required and no sugar is provided. 
It was devised for experiments on the heart of Hehe 
pomatia, and is capable of supporting heart-beat for 
periods of up to four days. A factor in favour of this 
solution is the ease with which it can be prepared. 
The Hédon-Fleig solution is more complex: it 
contains a phosphate buffer, is provided with a sugar, 
and requires adjustment to s pH of 8:4. Moreover, 
it requires special measures for sterilization, since the 
use of heat causes liberation of carbon dioxide and a 
consequent rise in 

The Bernard and Bonnet solution was used in the 
first of the series of te referred to above. 
The tissues Investigated were: (a) slices of liver and 
ovotestis (no effort made to separate the two tissues) 
—two flasks; (b) slices of the common duct of the 
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reproductive tract—two flaaks. T 
tered a rapid and m oxygen- 
80 min. Oe aie eet 
eee Bae ae ona eae: 


In all cases oxygen consumption 


In the second and subsequent experiments Hédon- 
Fleig saline was used. Tissue slices were taken from : 
(a) liver and ovotestis; (b) common duct; (o) albu- 
men gland; (d) penis ; (e) gonad (no liver tissue ® 
attached); (f) crop with salivary attached. 
Several ‘runs’ were performed with tissues (a), (b) 
and (c). In contrast with the earlier results, the 
rates of oxygen-uptake usually remained constant 

out the experiments, which lasted from 1} to 
I} hr. (Fig. 2). This observation indicates that the 
saline was not at fault in the few cases where the rate 
of: oxygen uptake tended to decline. Moreover, 
when a decline occurred it was invariably small, 


experiment 
Bonnet saline) was not repested, the results are 
regarded as reliable. It is concluded that, whatever 
tho merits of the Bernard and Bonnet saline where 
the snail heart is concerned, for most tissues of Helis 


Fall of Brodie’s ftaid (em.) 
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tho Hédon-Fleig solution is a more suitable 
physiological 

Nar ieee o a a 
formula for a physiological solution for Heka and 
attributes the formula to Bernard and Bonnet’. 


as an error and was not used in these experiments. 


0. K. GODDARD 
School of Biological Sciences, 
University of New South Wales, 
Sydney. 
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‘Water Rigour’ as an Ald when Operating 
on Marine poda 


Writs investigating the physiological aspects of 
the distribution of two species of the marine gastropod 
Bullia, one of us (A. O. B.) discovered that these snails 
can crawl only between oertain limite of salinity. As 
the 


distended due to the oamotic inflow of water. Provid- 
ing that dilution is accomplished 


animal remains motionless with stiff, swollen ‘tisenes. 
For Bullia digitalis Meuschen, this critical salinity 
ETER 8 per cent, while in the case of 

B. laowvissima (Gmelin) it is about 2-85 per cent. 
Loes of locomotory powers due to decreased salinity 
has previously been noted for some shore 
gastropods by Broekhuyren' and Brown’. The - 
phenomenon resembles the loæ of contractility in 
vertebrate skeletal muscle subjected to ‘water rigour’. 
However, in Bulia the process is completely rever- 
sible. The snails can be kept for some hours at these 
reduced salinities without apparent ill-effect ; when 
“returned to fresh, undiluted sea-water they soon 
recover and behave normally. 

A fuller acoount of this work is soon to be published. 


It is well known that most operations for experi- 
difficult, 


muscles. Anmathetios, to which the snails are rather 
insensitive, do not prevent contractions satisfactorily, 
even if the animals are so heavily drúgġed that they 
do not recover. In connexion with research on the 
function of the osphradium in Bullia, we were 
interested in severing the osphradial nerve of the 
living anail. At first we were at a loss for a successful 
method of performing such a delicate operation, but 
then it occurred to us that animals subjected to 
“water rigour’ might prove to be suitable subjects. A 
of 


the snails could then be 
operated on without any difficulties arismg from 
muscular contractions. A window was cut in the 
shell, over the osphradium and dorsal pallial artery, 
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and the oephradial nerve was then severed with a 

small eye-surgeon’s scalpel. When returned to 

undiluted sea-water, more than half the snails 

operated on recovered and were used for experiments 

on sensory perception. Nane of these showed any 

abnormal behaviour’ which could be attributed to 
i ‘water rigour’. 

Those snails which did not recover were later 
dissected in order to discover the cause of death. In 
all of them it was found that structures other than 
the osphradial nerve had been injured durmg the 
operation; in most cases the pallium had been 
damaged. In no mail was there any evidence that 
the reduoed salinity conditions to which they had 
been subjected had produced ill-effects. 

Other work in our Department (unpublished 
experiments by G. Noble) has confirmed that ‘water 
rigour’ is a very effective aid when operating on Bullia, 
not only for the operation described above but also 
in removal or cauterization of organs possibly 
connected with sensory perception, such as the 
inhalant siphon, tentacles, etc. It seams Kkely that 
the ‘water rigour’ technique might find wider applica- 
tion in the field of gastropod physiology. 

B. J. KRIJGBMAN 
A. C. BROWN 
Zoology Department, 

University of Cape Town, 

Rondebosch, Cape Town. 
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IMMUNOLOGY 


Natural Occurrence of Delayed-type 
Iso-hypersensitiveness 


Evipzexos has been obtained for the existence, in 
certain normal guinee pigs, of a state of delayed 180- 
hypersensitivences to a heritable factor present in the 
serum of other normal guinea pigs. This condition, 
which arises at about 2 months of age, appears 
analogous to the long known? natural existance of 


+o isophile may, of course, be experi- 
si induced of ref. 2), but ite spontaneous 
occurrence seems not to have been suspected. 

Tho oocurrence of delayed skin reactions among 
guineas pigs inoculated for the first time with the sera 
of others is illustrated by a typical experiment. The 
sera of 12 adult albino guinea pigs (bred from Rocke- 
feller Institute stock) were injected separately into 
the skin of the baok of each of the snimals; thus, 
every animal received 0-1 ml. of 1: 8 dilution m 
saline of ita own as well as of the 11 other sera. As 
shown in Table 1, certain of the guinea pige ( (Nos. 1-3) 
responded to the sara of most of tho other animals, 
though not to their own, with erythematous skin 


Tabie 1. Detarep SKIN RAACTIONS GIVEN BY ONETAN MAL 

GUNEA Pigs TO THE BIBA OF OTHER NORMAL G vie ies 
Pga | 
6 
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0, +, + = erythema Hi, 5-9, 10-14 mm. in diameter, at 18-84 hr. 
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Table 2. peeing el TEN BERUN. a Rll Kias 
MLiocermua DELAYED SKIN REACTIONS OTER Momma GUNIA 
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Os 


+ 
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+ Btilibarn and neonatal deaths per 10 live births, 


reactions that first were noticeable in 8-10 hr., were 
maximal at 18-24 hr., and lasted several days. The 

remaining 9 animals showed insignificant reactions ; 
instead, ouch ones, 4) possessed serum capable 


definite response in one or more of the 


Comparable experiments, in which guinea pigs of 
Rockland Farms stock were tested with each others’ 
undiluted sera, likewise differentiated (a) dermally 
reactive animals the sere of which did not evoke skin 
reactions, (b) dermally non-reactive animals possessing 
sera capable of evoking reactions in others, and (o) 


teat (18 animals) of a third guinee pig stook. 

What is doubtless the counterpart of the 
local skin reaction has been observed in non-immun- 
ized animals corresponding to Nos. 1-3 of Table 1. 
Budhi ansie dap ed delayed eegiMame of tha at: 
of the entire body following intravenous moculation 
of 8-4 ml. of a pooled serum which had, one day 
earlier, elicited local delayed akin reactions in them. 
The characteristios of these local and general reactions 


with unselected homologous sera. 

The factor in serum that evokes the delayed skin 
response is inactivated by boiling, but not by heating 
the serum at 56° O. for 80 min. It migrates electro- 
phoretically with the 6-ylobulins*. When present, 
serum factor is detectable from birth and appears to 
increase as the animal matures. Sa ae 
is evident from psa, et ernie (Table 2). 
when present in both perenta, ae TEF 
appeared in 79 of 80 live offspring ; when present in 
Gee paroni, about halt the olfepeng pomad iti 
and when absent in both parenta, ib was nob 
in the young (85 live animals examined). In matings 
in which the male possessed and the female lacked 
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a a Wn ios GC 
(possibly maternal) lack of serum factor is aesociated 
with increased fostal mortality, aa suggested by the 
data in Table 2. 

The delayed reactivity of certain guinca pigs to the 
serum of others is not in response to an inherently 


ted by neonatal injection of 
donor leucocytes‘, or by total-body 
X-irradiation. For reasons not yet clear, efforts to 
sia dermal reactivity to normal animals have 


Table 3 illustrates the resulta of a set of transfer 
iments in which individual donors were either 
dermally reactive (exp. 4—D) or non-reactive (E, F). 
To sasees the reactivity of donor and recipient animals 
a single pool of 3 individual guinea pig sera positive 
for serum factor was used, with a pool of 8 sara lacking 
serum factor aa control. Preparations prior to each 
transfer wero as follows. After determining the 
dermal reactivity of the donor animal, washed leuoo- 
cytes from 2 ml. of its blood were injected intra- 
venously into each of several guinee pigs (less than 
24 hr. old) born of parents both serum factor 
i (About 75 per cent of such 
offspring would also lack both attributes.) 
about two months of age, the presumed chimeras 
eee ene ee ee ee 
the donor. On the following day, one of the young— 
provided it was found to lack dermal reactivity to 
serum factor—was injected with the donor’s washed 
spleen and lymph node cells (the equivalent of 0-15 ml. 
and 0-10 ml. packed cells) intra as well 
as intravenously. When available, a second eoipians 
was given the donor’s serum (2-8 ml. daily for 3 days) 
by the pame routes. Testa for dermal reactivity were 
made on the third day following transfer and on two 
or three further cocasions during the intervals shown 
in Table 3. . 

Dermal reactivity was conferred upon normally 
non-reactive animals by the lymphoid cells of reactive 
donors (exp..4—D) in a time sequence typical of 
passive transfer of delayed-type hypersensitivity™.*. 


Table 3. CELLULAR TLANSTER oF DELAYED SKIN HMACTIVPTY FRON MATURALLY RACTIVE TO NON-RMLOTIVE GUA Pras (PRECONDPTIONED 
BY Doror Lavoocrmas) 








* Beactions to 
9, + t, $4. ++ 


tnoculaiions of 0-1 ml of undiluted pooled sera 
= erythema 0-4, 5-0, 10-14, 15-19, 20-24 im. tn diameter at 1 





serut: fasts (STF) oe ee ). 
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The grouping of guinea pigs on the basis of presence 
or abpenoe of heritable serum factor appears funda- 
other species based on the occurrence of heritable 
substances in the sara of some but not all mdividuals. 
That is, guinea pig serum factor may be likened to 
the ha obina, transferrms, ceruloplaamins, ete., 
visualized by starch-gel electrophoresis in the sera of 
cattle and man’, or to the gamma-globulin allotypes 
of rabbits’. 
closely 
and the J substance of cattle’*, since natural iso- 
antibodies (though of circulating type) ocour against 
these substances. Work is in progress to determine 
whether guinea pig serum factor may be associated 
with circulating isc-antibodies, may be visualized 
electrophoretically, or has a discernible biological 
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that a similar state may occur in other species, 
especially those cited above, and may have escaped 
detection perhaps because of low frequency 

I am grateful to Dr. Edward J. Hehre for guidance, 
for help with this i and for the term 
‘iso- itivity’. Thanks also are due Mins 
Janes F. Parks and Mies Rita Hixon for technical 
assistance. 

The work was supported by grants W-1264 and 
#-2008 from the National Institutes of Allergy and 
Infectious Diseases, U.S. Public Health Service. 

Jax R. Barrero 


Department of Microbiology and Immunology, 
Albert Einstein College of Medicine, 
New York 61, N.Y. 
oe E, Feniralbl, BaH. (1 Abt. Orig.), 27, 357 U00} 
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geet ea et cas .L, Brit. J. Kap. Pah., 38, 71 (1956). 
t Battisto, J. Bu Bact. Proc., M, 84 (1087). 
* Battisto, J. R., Fed. Proc, 16, 1738 (1957). 
“Paterson, P. Y., Fed, Proc., 18, 2820 (1989). 
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PATHOLOGY 


Bone Marrow Depression In Murine 
Leuksmia 


depreasion and evidence of aplastic ansamis'. 
findings may p i Jor kaon haan pats he 
confusion in or the leukwmia is 

ES Bee oF io Ge Tha eu of 4 
strain mice ab present being studied for the effects of 
intermittent X-radiation, it was noted that while, 


as expected, the mice developed lymphocytic neo- 
to the irradiation, 


plasie initially affected tho erythropoisti oella (Fig. 1), 
as it became more severe appeared to affect ail 
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bone marrow from vertebra. Diminnution 

poo cells. Female mouse with non-th: 
Roceived 1,000 r. {otal bods intermittent 

adon. Age, 305 days at tenth: Hamatoryim and sosin. 


elementa of the bone marrow (Fig. 2). The incidence 
of lymphoid leukemia and the various forms of that 
disease in this group of mice have bean considered 
elsewhere’; this communication presents some of 
tho features of the marrow depression which is seen 
in the mice with lymphoma and lymphoid leukemia. 
Table 1 shows the distribution of marrow hypoplasia 
or aplasia in the different groups of mice. A fuller 
discussion of the incidence of this condition, ita time 
of appearance and relationship to radiation dose will 
be presented elsewhere. However, it is obvious that 
two factors, apart from radiation, appear to morease 
the incidence of bone marrow depreesion ; they are 
femaleness and the absenoe of ẹ thymic tumour or 


It is known that a number of endocrine secretions, 
for example, adrenal steroids, sex hormones, may 
influence lymphoid tamour LDPE in the mouse 


and, in general, hormones 
the aiza Of the thymus appear to bit tho geneais of 





vis Aplastic bons marow tight x mid-femnr. Female mouse 
non-thymic RecefFed 1,000 r. total 
intermittent py TE raS AP 2318 days at death. 
Hematoxylin and (x 200) 
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TABLE 1 
a Total numbers of experimental mice 
Badiated mice mios 
Male Female Male Female 
With leukemia 108 121 20 17 
Without £05 455 fs ee 
èb E EET 
Without leukemia 60 K 60 ig Te 33 TETES 
o Tota embers of animais wit fen forms of chemi 
Non-thymis 35 59 18 15 


d Animals with bons marrow depression in relation to different forms 
Naw thymlo BSR) BET BR) 183%) 2 UEA) this 
Leukemia bere dlana: with pct 
without thyme enlargement fo wien the famour cea 

total body X-radiation to totals of 500 r., 1,000 r. a *1 500 2 


lymphoma’. The influence of cstrogen is a little 


tymp 

stimulating factor, the levels of which are raised in 
mice with a high incidence of spontaneous leukemia 
and in mice following radiation. Throughout the 
life of mice unaffected by infectious disease, the 
commonest ci ing leucocyte is the lymphocyte, 
and it must be aasumed that such cells probably bear 
the brunt of the immunological defences in that 
species. Co tly, interference with the mechan- 
isms of control of nioo production and function 
Pooley have serious consequences for the mouse. 

e know that metrogens may cause marrow aplasia 
in dogs and m spayed rate—abnormelities which may 
be corrected by testosterone*. -We also know that 
testosterone may produce a rise in red-oell numbers 
in women who have carcinoma of the breast and who 
are treated with this hormone’, and recently testo- 


The present findings indicate further the complexity 
of agers pa is of lymphoid leukæmia in the 
mouse. At two hormone systems, the sex 


hormones and, if it can be shown to be & distinct 
ee lymphocytosis-stimulating factor, appear to 

be directly implicated. While it is not permisible to 
transfer directly findings in the mouse to humans, it 
would seem reasonable to try testosterone admin- 
istration in those patients with aplastic crises in 
leukwmia and also in those patients who present with 
aplastic or Jastio bone marrow pictures. Some 
of these latter may ultimately develop frank leukemia, 
and attempts at marrow regeneration may allow 
earlier = of the disease. 

This work was done under U.8. Atomic Energy 
Commission Contract A7'(30-1)-901 with the New 
England Deaconess Hospital. 

Jamas T. Dunia 


Cancer Research Institute, 
New England Deaconess Hospital, 
Boston 15, Massachusetts. 


wie M. ML, “Olinionl Hematology’, 057 (Lea and Febtger, 
1 Duhig, J. T., Amer. J. Path., 85, 607 (1980). 
* Kaplan, H. B., Gencer Res.. 14, 535 (1054). 
‘ Kaplan, H, 8, “Radiation Biology and Ganoor™, 299 (Untv. of Texas 


* Notoalf, D., Aare Hee Pork Aiii os Peia 
* Tyslowltx, R. HL, Budocrinol. 
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' Eein ea)” ané Nathanson, I. T., J. Amer. Mod. Assoc., UB, 

* Shabidi, N. T., and Diamond, L. K., J. Dis. Child., 98, 293 (1050). 
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VIROLOGY 


Isolation of a Non-pathogenic Tumour- 
destroying Virus from Mouse Ascites 


aggregation of 
first reported in 1957 1, led to the belief that 
the tumour was reverting to a solid habit of growth, 
and selective transplantation was undertaken with 
the object of segregating solid and fluid variants. As 
this investigation proceeded, the aggregation effect 
showed signs of evolving into a more advanoed 
pathological state, with increasing indications of 
destruction of tumour cells. Many sublines were lost 
as the incidence of no-takes after maasive 


survived for long periods with no signs of ilneæ or 
delayed tumour development. 

Evidence was obtamed that the phenomenan is 
due to an antigenic tumour-destroying agent, and 
nie oe ee 


— 50° O. eed & sais a sterile filtrate 
that had a t destructive effect on the Krebs 2 


results show that the sarcoma 
37, the Pre aren the BP/8, “Wid the Crocker 
ascites tumours are also 


from 


rosity 5. For the trans- 
mission of infectivity in vwo, the starting filtrate was 
found to have unchanged potency up to a dilution of 
1: 100, with all-or-none tumour destruction 

ab higher dilutions. At 1: 1,000, about 30 per cent 
of the tumours were destroyed, the remaining 70 per 
cent growing normally to a full yield. The potency 
of the final, Sth-pasage filtrate was qualitatively 
unchanged, though it had undergone a dilution of the 
order of 1:5 x 10° during five serial transfers. 
Control filtrates fram ‘normal’, isolated tumours 
(Ehrlich and Krebs), prepared in the same way, havo 
never given, rise to destruction of tumours or even, 
modified the final yield of tumour cells as conipared 
with untreated and saline controls. 

Destruction of tumour cells begins after a latent 
period following infection. Transmissible infectivity 
has been extracted from washed cells throughout the 
latent period. Undiluted filtrates destroy the tumour 
cells after 3—5 days, but unfiltered extracta are more 
potent (titre of 10"), the first signs of cell damage 
occurring 15-20 hr. after infection. The Ehrlich and 
Krebs tumours are when treated with the 
virus at any stage of ascites growth. Destruction is 
quantitative in many cases when the agent is given 
shortly after the implantation of several million 
tumour cells. In many instances the ascites tumour is 


` encephalitis and Western equine 


he dia virus Gad, 
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effoctively destroyed, but a solid tumour develope 
later at the site of implantation. The earliest result of 
infection is the sudden aggregation of tumour cells and 
the deposition of fibrin from the exudate which coagu- 
lates in the peritonesel cavity. Increasingly marked 
nuclear abnormalities leading to total nuclear dis- 
ruption are seen during the ensuing three days. 

The destruction of an established tumour results 
in the production of a substantial quantity of intra- 
peritoneal debris, and adhesions are formed that give 
rise to intestinal obstruction, producing various 
degrees of iness. When a tumour implant is totally 
destroyed as a reeult of early treatment with the 
virus, little or no intraperitoneal disturbance occurs 
and the animals are indistinguishable from controls 
not bearing tumours. 

A small group of normal mice without tumours, 
which received 10* times the tumour dose 
of a filtrate, have been observed for two months 
and have shown no sign of illness. 

Infected oells taken during the phase of cell 
destruction have bean examined under the electron 

microscope by Dr. R. Dourmashkin, through the 
ee oe R. J. O. Harris, at the Imperial 

Cancer Research Fund Laboratories at Mill Hill. 
Large numbers of uniform particles, 75 my in diameter, 
have been found in the Work is m 


Hid ison oea OF need Gey Ge 
may be a new virus. 

I thank Prof. Wilson Smith for his encouragement 
and advice during the latter part of this work. 


J. Q. Bmoverrs 


Courtauld Institute of Bi 
Middlesex Hospital Medical School, 
London, W.1. 


? Beunstte, J. G., Brit. Bmp. Cancer Camp. Ann. Rep, p. 20 (1957). 
* Beonstte, J. G., Brit, Hip. Cancer Oamp. Ann, Reap., p. 130 (1958), 


An Interferon-like Substance released 
from Tick-borne Encephalitis Virus- | 
infected Chick Embryo Fibroblast Cells 


Am interference phenomenon between tick-borne 
encephalomyelitis 
viruses in chick embryo fibroblast monolayers has 


bean described?. When chick embryo tissue cultures 
are inoculated with tick-borne encephalitis virus, the 
virus , but no cytopathic effect 


within are hr., 


(1) ae degeneration of cells caused 
hence, no interference if tiok- 
borne encephalitis virus-infected cultures were chal- 


after inoculating them with tick-borne 
(3) complete suppression of the- cytopathic 


primary moculati 
No interference was established if interfering virus 
previously neutralized by immune serum was added 
to cultures. 
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If, however, ne cae A a E 
borne encephalitis was harvested and transferred to 
fresh non-infected chick embryo fibroblast mono- 


against tick-borne 


20 per cent mouse brain suspension of the Hypr 
strain (Oxechoslovak tick-borne encephalitis) and the 
prototype strain, of Western equine encephalomyelitis 
virus propagated in a chick embryo fibroblast bottle- 
culture were used throughout all experiments. 
Trypsinixed chick embryo cells? were cultivated in 
a medium consisting of 5 per cent inactivated horse 
serum and 0-5 per cent lactalbumin hydrolysate in 
Hanks’s solution with antibiotics and phenol red. 
Tube-cultures were seeded with 0:9 ml. of cell 
suspension containing 3 x 10* cells, 1,000-ml. Roux 
bottle-cultures with 3 x 10° cells in 50 ml. of medium. 
One-day old tube cultures were inoculated with 0-1 ml. 
of tick-borne itis Virus suspension diluted to 
contain 10‘ LDS0, bottle-cultures with 0:5 ml. of 
virus suspension containing 10? L.D50/0-1 ml. The 
culture fiuid was harvested at various intervals, as 
given with the results. For testing the inhibiting 
activity of the media harvested, 13-day old tube- 
cultures were used. The Western equine o- 
myelitis virus used as challenge was diluted to con- 
tain 10*-10? T'OD50/0-1 ml. Results were read 3 
days after adding the Western equine encephalo- 
myelitis virus. Absence of cytopathic effect caused 
by Western equine encephalomyelitis virus was oon- 
sidered as positive inhibition. 

Table 1 demonstrates the time of appearance of 
the inhibiting agent in tick-borne encephalitis virus- 
infected cultures. 

For testing the ability of the agent to inhibit the 
plaque formation of Western equine encephalomyelitis 
virus a procedure adopted in this Institute for the 
screening of virus-inhibiting substances (Rada and 


Table 1. ABILITY OF CULTURE FLUIDS FROM TIOX-BORNE ENONPHAL- 

ITS (Ea) VRUS-IRFECTED CULTURES, HARVROTED 
AyTER IKOOULATIOK, 

INFROTED CULTURES, TO Tae OYTOPATHIO AYrrecr 

Waerms HQUIKE ESONPHALONYALITIS (WEB) 














+, paral 
(pert of a inhibin Gl toe 

cells degenerated); YT, not tented. : 

Tube cultures were challenged with 0-1 mLesuspenaion containing 

Oe 107 et tn encephalomyelitis virus at the 

same time with the transfer of 0-0 mL-of cach sample. 


dite (caste tear no signs of cytopathic effect 


s 





Pe 


Pee ene B... 

Fig. 1, Western equines oe tpl gps ace pins plaqus Inhiblion 
Agra | oylinders adsorption of 

z aMfnted fas a1 Amd cuted a: 210; O, fluid 


Závada, personal communication) was used. After 
adsorption of Western equine encephalomyelitis virus 
diluted to contain about 5 x 10° plaque-forming 
unite in 1-9 ml., chick embryo cell monolayers in 
10-cm. Petri dishes were overlayed with agar into 
which amall glass cylinders were placed. Two drops 
of the medium. harvested from tick-borne encephalitis 
virus-infected cultures 72 hr. after inoculation and 
then treated with immune y-globulin were placed in 
ean lindan Tone i ee 
previous experiment. Otherwise the techniqu 
desoribed by Dulbecco’ was employed.- Small bat 
— zones of plaque inhibition could be noticed 
und cylinders mto which undiluted fluids were 
oped (Fig. 1). A similar effect was noticed by 


Table 2. STUDIOS ox THE MODE or ACTION OF THS INHIBITING 

AGkwr Ix OULTURE FLUID HARVESTED FROM à TICK-BORWE 

Eucaris (TR) Ymuve sb bol BorrLe-CULTURE 72 HR. Arre 
OOULATION 





Group | Inhibiting fuld 
No. 


i 1 Untreated WEE virus applied along with 
! modiamt the transfer to cultures 
e Medium treated 
| minr. | the tanata fe galtares 
E virus left to adsorb 1 hr. 


WHE 
at 37° O., then fluid removed 
| and inhibiting a re sided i 


d "Phe agar ont then eiaa 


Procedure used 





iEhypiting agent, a gir 
hr. a 


i 37° C., then ratate mto 
cultures 

















* Highest dilution to which complete mhfbttion of the thie 
meee waited ele duds Gaastered miniiotad an twofold 
diluted from 1:5 to} :160. 
+ Contained 10% Le. monse LDS0 of Hok-borne encephalitis virus. 
t Oontamed 10** Lo, mouse LD50 of tok-borne encephalitis virus. 
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Porterfield when testing interferon against a variety 
of plaque-producing viruses. 

Some work on the mode of action of the agent is 
summarized in Table 2. 

The same dilutions of the fluid which were effective 
in cultures, mixed with the same dilution of Western 
equme encephalomyelitis virus and immediately 
inoculated intracerebrally into mice, did not prevent 
death caused by Western equine encephalomyelitis 
virus ; all the mice died within the normal meubation 
period of this virus (72 hr.). 

Further evidence has shown that the virus-inhibit- 
ing agent released from tick-borne encephalitas virus- 
infected cells differs from the virus. The agent is ad- 
sorbed by cells in culture and seems to have no direct 
action on extracellular virus. It does not prevent 
death caused by Western equine encephalomyelitis 
virus in mioe if tested by the same way as in cultures. 

J. Vide 
Institute of Virology, 
Czechoslovak Academy of Sciences, 
Bratislava 9. 
1 Vitek, J., Aada Vwologioa, 4 (in the press). 
‘Teasos, A., and Lindenmann, J., Proce. Roy. Soe., B, 147, 258 (1057), 
* Dulbecoo, B., Proc, U.S. Nat. Acad. So., 38, 747 (1962). 
1 Porterfield, J. B., Lancet, 11, 326 (1950). 


Mode of Action of Micrococcal os 
Phosphodlesterase 


In was recently reported that EEN EN 
isolated from Micrococcus pyogenss var. aureus 
hydrołyses tobacco mosaic virus nucleio acid giving 
rise to di- and mono-nuoleotides!.*, On the basis of 
ita action on this acid and synthetic polymers, poly- 
oytidylic acid and polyuridylic acid, it was postulated 
that the enzyme first cleaves the large nucleic acid 
molecule into several polynucleotides, which are 
farther broken down by stepwise cleavage of mono- 
nucleoside 3’-phosphates starting fram one end, until 
they are reduoed to the size of dinucleotides, which 
are resistant to farther action of the enzyme. Thus 
the enzyme appears to have both endo- and exo- 
actions. From the amounts of dmuocleotides present 
in the final digest of tobacco mosaic virus nuoleic 
acid, one can calculate the number of intramolecular 
breaks that are produced in the acid by the endo- 
action of the enzyme, by assuming that the dinucleo- 
tides are at one end of the resultant polynucleotide 
fragment. In these celoulations the data used for the 
purme and pyrimidme composition of tobacoo mosaic 
virus nucleic acid are those published earlier’, and 
the molecular weight of nucleic acid was taken as 
2 x 10* (ref. 4). From the calculations it appears 
that tobacco mosaic virus nucleic acid has been 
degraded to approximately 1,240 polynucleotide 
fragments, having an average weight of 1,600 or an 
average length of approxmmately 5 nucleotides. 

However, the results presented earlier? do not show 
whether the polynucleotide fragments that are first 
formed as a result of the endo-action of the enzyme 
are further degraded starting from the 5’-hydroxyl 
end of the chain or from the 38’-phosphate end. 
Experimental evidence -has now been obtained on 
this point, and as will be described, it appears that 
the enzyme degrades polynucleotide fragments from 
the 3’-phosphate end. 

The polypurine nucleotide fragments, terminated 
by pyrimidine nucleotides used as substrate m the 
present work, were prepared aa follows: 26-8 mgm. 


i 
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Fg. 1. Oxygen oomsumption tn rats during irradiation 


100 male rats (Wistar strain), average weight 
190 gm., were divided into four experimental and one 
control groups, of 20 rata each. The rate were 
placed in the test chamber and the initial value of 
oxygen consumption in every rat was measured for 
10 min., then the rates were put back in their cage. 
After a period of 45 min. the second estimation of 

e Oxygen consumption was made, and the rata were 
exposed to X-rays (180 kV., 15 m.amp., l mm. 
aluminium, 0 5 mm. copper, focal distance changed 
according to the dose-rate. Dose-rates were 100, 50, 
20 and 10r./min. Dose 1,000, 500, 200 and 100 r.). 

The oxygen consumption of irradiated and control 
Tate was measured individually by methods described 
m a previous paperi. - 

I did not find any dıfferenoes in average oxygen 
consumption in experimental groups during irradia- 
tion depending on the dose-rate; but I found that 
differences depend on the individual level of oxygen. 
beara dines before irradiation. 

comparison of o consumpti experi~ 
mental and control animale m ee on ths 


40° 
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initial level of oxygen eanasumption 18 given in 


igs. 1 and 2. : 

PS experimental animet could be aivided in three 
groupe socording to the value of initial consumption 
before irradiation: in tre first group are animals 
with @ values, in the second group are animals 
with extremely high values and ia the third animals 
with an extremely lcw mutial level of oxygen oon- 
sumption. In the fist group ra with an increased 
oxygen consumption and with a decreased oxygen 
consumption were adeerved, the average value of 
changes being at ~beir initial level. In the second 
group, the rate ave decreared their oxygen oon- 
sumption and ths average values of these changes 
are lower than thex initial Javel. In the third group, 
the oxygen consumption is noreased during irradia- 
tion and the evsrage valuss are higher than their 
initial level. 

The differerc. în oxyger. consumption in groups of 
highest and lev-est initial oxygen consumption durmg 
uradiation is statistically significant (P = 0-005). 

In the osrtrol group, I have not observed any 
changes in cxygen consumption during the second 
measuremert when corspared with their mitial values. 

I have not found in “he literature any reports on the 
relation of the mdiv‘dual level of respiratory meta- 
boliam ksfore X-irradiation to the changes in oxygen 

on during irradiation in the conditions 
describo here. Cther authors claim that initial 
oxygek scosumptien values in rabbits have the same 
impomsnee for rabbits during daily periods after 
irradjavion*. In my experiments, I have observed 
that rats irradiaced under conditions used in radio- 
biological expemments changed their oxygen con- 
sumption during irradiation in a manner dependent on 
thsi aitial vane of oxygen consumption. 

E aas beer shown? that irradiation has changed 
ee rage balenon, ana T prame this, may bs 

exion wi 6 
pure changes of oxygen 
“hese revults have shown that for work on th 
metabolic shanges in rata during X-irradiation 
tke deser*bed conditions it is more im 
know the initial oxygen consumption 
experimental animal than the a 
whole experimental group of ani 
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diomde with time is epprox- 
imately exponential and rep- 
rosenig an average turnover 
‘of free Inositol with a half-life 
of Ne ode of 6 hr. How- 
ever, cumulative, peroent- 
age of et carbon-14 
appearing m expired air 
differed in the two rate. In 
rat A, approximately 42 per 
cant of the administered sot- 
ivity had been eliminated in 
the expired carbon dioxide 48 
hr. after the injection, while 
in rat B, a similar elimination 
was achieved in 24 hr. (Hig. 
1b). These figures should be 
increased by apptoximately 
5 per cent to allow for some 
logs of carbon dioxide at the 


5 


infinite thickness 
$ 
A 


5 83.8 8g 


E 


necessitated by the removal 


g 


Radioactivity in barium oarbonate—ocounta/min. at 


: cause. Similar observations 
7 Pi: 1, Himhation of radioactive ox 
ty t in barium 


b, Omnia Pe io Ae se, 


O~-~- O, rat 





The specific activity of inceito] in the urine of rat A` 
reached a maximum of 142’x 10* counts/min./mgm. 
inositol in the sample collected 9-15 hr. following the 
injection. In rat B, the specific activity in pooled’ 
urme samples obtained over the experimental period 





Two male albino rate of 356 gm- 
(B) were given respectively 10 a 
“C-mesa-inositol intraperitoneally € 
Placed mside metabolism charnbers 
and water, and in which urine and 


























loss of radioactivity by renal excretion amounted to 
0:38 and 0:58 per oent of the injected carbon-14 
inositol in rate A'and B respectively: — ` 
In rat A, the specific activity in the voided frees 
107 counte/min./mgmn. inositol, and the total loss 
radioactivity by this route amounted to 0-014 per 
t of the injected material, while in rat B, the 
ifo activity was 155 ocounte/min./mgm. inositol 
the total logs of radioactivity 0-024 per cent. 
lood samples taken from rat B under light ether 
sthesia by cardiac puncture 9, 16 and 24 hr. after 
injection gave specific activities in the free 
ol of 315 x 10%, 50 x 10° and 26 x 10 counta/ 
ngm. inositol respectively. 
1o 1 shows the radioactivity present in the 
i It will be seen that the specific 
free and the combined inositol 
in the case of the seminal 
i in both rats, 10-6 


A 


end of each collection period - 


was 106-4 x 10* counts/niin.j/mgm. inositol. Total - 
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(Table 1. TIUN AND Srsorrio ACTIVETTES FUORD IK Bats KILLED 
! $4 amp 48 HR. AFTER AN ITTRAPERITONLL Ixsmomox oF 10O- 
METO-INOSITOL 

eah activity Bpeols activity 
countajmın. fem. coun 
wot weight x 10~)| inositol x 10>) 
Tooa tol 
| fraction 24 br. 48 br. | hr. 48 br. 
Brain free 0 75 0 78 0 88 0-78 
oombmed 13 14 4 22 
Heart free 1-1 0-69 150 &6 
combined — 0-89 — 3-1 
Liver froe | 27, 0 70 270 61 
Koy [fee | oo | 40 ak 
a 1 
a |: ed fi ra fe ee 
combined 5-3 — 11 0 — 
Seminal 
‘vouele plus | free a0 27 88 0 56 
sooretion combined | , ‘2-0 2-7 0-76 47 
Tostis total 12 “081 0-42 0-49 
8km froe — Of — 0 50 
combined — 0-76 — 54 
Skeletal 
musak froe — 016 — B+ 
Bons free ~ 12 — 68 
Bortda 7 ; 
perve total _ 0-18 _ 016 
Gut . total —_ 16 — “29 











components undergoing very rapid . turnover in a 
large non-radioactive metabolio pool would. have too 
few counts to be detected. 

mee relatively rapid degradation of inositol to 

dioxide demonstrated in these experiments is 

e eee 
conversion. of inosrto 

euvolving D- -glucyronio cd en 
pathway has recently been 
Trousof, Evans, Papadopoulos and 
interest also ia the high specific activity present in the 
kidney. - Charalampous* has recently, described a 
renal enzyme capable of converting inositol to 
gluouronio acid, while Richardson and Axelrod‘ have 
observed the overall degradation of inositol to carbon 
dioxide by rat kidney. homogenates. 

The resulta. reported here suggest that in the rat 
at least there isan active. participation of inositol in 
intermediate carbohydrate metabolism. 

D. A. Nrxon 
Physiology i 


- Department, 
8t. Mary’s Hospital Medical School, 
i London, W.3. 
Hetdelberger, O., Roid, J. 0O., Tolbert, B. IL, 
ON rh My Tople Garbon" Ee TEA BE 


' Nixon, D.A, J. Phystol., 138, 4P (1956). 
* Moscatelll, E. A., and Larner, J., Area. ‘ooke. Biophys, 80, 26 


(1850). 
‘ Burns, J. J., Trousof, N., Bvans, O., oe 


B. W., Pleokim. | D UT 
! Oharalampons, P. O., J. Piok Chem, 334, 220 (1950). 
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BIOLOGY 


Copper and Cobalt in Nitrogen Fixation 


Tas hemoglobin found in the nodules of legumin- 
ous plants, first demonstrated by Kubo, has been 
since shown to vary in quantity with the condition 
of the nodules, and both Virtanen e al! and 
Jordan and Garrard’ have reported a relationship 
between. the quantity of hæmoglobin present and the 
efficiency of fixation. ` 

The role of hæmoglobin is at present not under- 
stood ; but ite preserioe implies the possibility that 


NATURE ' 70 


Nitrogen (mgm.) 


Nitrogen (per cent) 
J 
a) 





0 00064 
Oopper-Jeve. (5.p.m.) 


0-00006 5 0 00th 00H 


Tig. 1. (1) Per cent nitrogen ; (t)zm<m. nitrogen - (3) dry weight 


copper and perhaps cobalt would be asoviated with 
its synthesis in the nodule. This is supported by the 
finding that vitamin B,, is present in ths nodules, and 
that ite concentration in the-pink nodrles of lucerne 
is four times as great as in-white ones™ | 

On this pean De attamprs bava bese: midon this 

t to investigate the effect «f variation in 
the level of both ooppér and »obalt on the growth and 
ability to fix nitrogen of Mount Barker subterranean 
clover. 

Ty steel dew a acdsee eae eee oatowe tis 
growth in sand culture (afterHewitt'), csiig a modified 
Long Ashton nutrient meiiim oontahing 14 p.p.m. 
of nitrate on «x: levels of copper supply 

ranging from 0-000064 p.p.m. by tenfold steps to 
.p.m.- The highest Isvel was ethal, but the 
6-4 ppan. Tho highest vel was tha, 

As the yield and total nizrogen rose with increased 
copper supply, the percentage nitrogan ‘fell from the 
low copper treatments to the Long Ashton level 
eon Over this rangs the variation in nitrogen 
content appears to have bean a funoton'of yield only. 
Between .0-064 and 0-@ p.p.m. oepper, however, 
there was a significant nsrease both in percentage 
nitrogen and in total nitrogen content." 

Analogous results ha~a now been. obtained over 
three seasons with anothar strain us Marsh), 
although the level of supiy at which stimulation of 
nitrogen fixation occur. varied ffom one year to 
the next. We have nor ep far beer. able to demon- 
strate any change in the bem conteit of the nodules 
between these levels of sooper supp’. ; 

With oobalt, using the same tecini e as oni 
subterranean clover tad outin the glasah 
on May 22, 1959, Tarro. 16E dare laser ob Ootobsr 
21, 1959. The results r the plents receiving no 


From this 1t is clear that althouga highest on 
centration of cobalt cased was restricting growth,- 


= added nitrogen are given-in Table 











Thl 1 | 
| Dry t 
Dry welgmt | Total ntrazen'’ pe lott ca 

(gm.) (mgu) (gm) 
5-43 154-7 l 0 407 
5 420 ao y 0-526 
6-152 178-3. | 0-611 
6 365 190-3 | 0 341 
4-698 1-8, 0-435 

a 








(Bach seed contaimd abont 0 41 mgm. nitrogen) 


i 
i 
t 
i & 
t 
l 
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1 o rate of 0-008 and 0-06 p.p.m. 
had sti ven fixation. (The effect on 
the gror ant was demonstrated to the 
British . | | Science ab a meeting at the 
School c ‘ tn September 1959.) 

One oc e of our results has been that 
on the | ' |g added cobalt, the nodules ` 
increase ' . p to those not receiving this 
Sah: ds even in those plants on a 

: 70 m. 
. Our ree at ewe ae tec 
produced. : A A ot of 
cobalt, it 


n per gm. of nodular tissue 
is, however, is markedly 
the nitrate nitrogen supply, 








Fig. 1. Gall on mature tree. (x 2/9) 
of immediate value to workers concerned with 


mature trees, as well aa those produced on artificially 
infected seedlings, by nymphs and adults of the mealy- 
bug species Pseudococcus njalensis Laing and Frrist- 
ana virgata Ckll. and also by various methods of 
mechanical inoculation. Tho first transmissions were 
made using the besn-feeding technique developed for 
use in the mealybug transmission of cocoa viruses‘. 
Adults of P. njalensis from a naturally infested gall 
on & mature tree were transferred to 5 healthy cocoa 
half-beang at the rate of 10 insects per test bean. e 
Three seedlings grown from these beans afterwards 

galls in the axil of the attached cotylodon 
(Fig. 2). In subsequent experimenta, using insects 
82 


from artificially colonized source galls, 18 out of 
P. ngalensis and 12 of 15 infested with F. virgata 











7 ppm. of nitrate 
in the nutrient. 

E. G. HALLSWORTH 

8. B. Wisor 

E. A. N. GREsNwooD | 





seedlings grown from test beans infested with 


Sciences, galls. The disease has also been trans- 

| Bai > mitted to test beans by rubbing and pricking thom 

E with macerated gall tissue and by the use of fine 

, ! paint brushes first stroked over source galls or soakod 

m gall extracts. These methods gave a total of 47 

1 Virtanen, A. L- J., and Iannasalml, A., Ada transmissions in more than 300 bean teste, rosulte 

. An Scene 3 Ar L. Mekanis, Ja, and from some of which are still moomplete. 

"Jordan, D. O., a Canad, J. Bot , 98, 360 (1051). The osuge of the cushion gall disease in the western 

te AIF, M endler, M. D., Science, 190, 284 hemisphere is not known ; aa Aee a 

a ; nC that virus-infections‘, erioph mites’, a genetical 

E es t Oropa Tochi Ton abnormality, mineral deficiency or mineral toxicity, 

“Hom i a Skoog, Y., Pkynelogis Pieri- bacterial or, fungal infections’ may be involvod. 
Transmiss: Disease of Cocoa 
Troe disease as ‘buba’ or ‘cushion 
” wag first mbisa in 19881. It was 
ound afterwar. countries in South and 
Central Ameri: Ceylon’. The disease 
causes hyperpl. i of floral cughions, and 
ig causing oon of western Colombia, 
Nicaragua and i it hag become wide- 
spread. Galls of the ‘green-point’ 
type in the wa have been known. in 
G since 18: allowing reports of the 
rapid spread oŻ disease in Costa Rica 
investigations Ix in Ghana to assess the 
distribution am of the West African 
disease, .and to The purpose of this 
communication i transmission of the 
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Advantages of 
“QUICKFIT” Open Neck Flasks 


“Quickfit” manufacture and stock a complete range 
of open neck flasks, together with stainless 


steel retalning clips for use with the flanges. 
The flasks can always be detached from their lids, 


even under conditions when conical folnts tend to selze. 


Larger stirrer blades can be used and vessels 
are more easily cleaned. All “‘Quickfit”’ flasks 
and lids are completely interchangeable and the 
flask diameters are, of course, standard. 


Stone 48! 


mzorvmrm- 
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th Reicherts 
| In optical 
| | anical perfection 


HOZET Laboratory Microscope 
The latest addition to the Reichert 


THE = 
DARTON 


(INFINITE ALTITUDE) 


TEST BENCH 
BAROMETER 











PAN Universal Microscope 


truly universal Instrument for Í i 
transmitted and incident light is | Sultable for testing and calibrating 


available with interchangeable | altimeters and other pressure related 

| | aeo lamps, andis thus che | Instruments. . 
: ideal photo- and projection- | Scaled in inches, millimetres, millibars, 
biologist and tho metallurgit. | feet or any combination of two scales. 
A most comprehensive | National Physical Laboratory Certifl- 
paren cate of Accuracy supplied If required. 


Satin-chromed frame, with polished 
“and fluorescence | Chrome fittings mounted on heavy 
microscopy. stove-enamelled base. j 
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: | . F. DARTON & CO. LTD. 
an poi is ie WATFORD, HERTS. ` 
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Tranmmiæion of the West African gall disease by 
mechanical methods in the absence of insecte and other 
pests suggests that the disease has a pathogenic 


KS. sbecllisine “asbestos 
George, Lid.) were non‘infectious. Moreover, when 
young seedling-galls were macerated under sterile 
conditions in a small volume of water and centrifuged 
for 10 min. at 8,000 r.p.m. anly the precipitate was 
infectious to beans. The resulte of these preliminary 
experiments indicate that the West African gall 
disease is of bacterial or fungal origin, although a 
virus cause cannot be completely out. 

Records from the survey’, in which only 44 trees 
were found in a half-million acres of cocoa surveyed, 
show that the diseage is at present of little economic 
ee a However, becauge of the high 
infectivity of the West African disease in bean-trans- 
mission teste, and the similarity of ite galls to those 
of the important ‘cushion gall’ disease in the western. 
hemisphere, the disease is now considered to be of 
potential importance and the destruction of all galls 
on infected trees has been recommended. 


e ‘ A. A. BEUNT 
7 A. L. WHABTON 
Weat African Cocoa Research Institute, 
Tafo, Ghans. 
Garees, O. O., ‘“Hnfermedades cacao on Colombia”, 38 ; 
; Ee eg mT = Pop 


ae a 


* Orellana, E. G., F.A.O, Plant Prot. Bull, 7, 53 (1059). 

“Dade, H. 4., Ann. Bep., Gold Coast Dept. Agrio., 1025-26, 26 (1026). 
* Pomnstte, A. F., and Birickland, A. H., dam. App. Biol., 85, 53 (1948). 
*evorkian, A. G., Pkptopeth., €1, 562 (1051). 

1 m E B., Rep. Severith Inter-Amer. Cacao Conf., Colombia 
* Welhnan, F. L., and Orellans, B. G., Plant Prot. Bell., 8, 71 (1964). 
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Effect of Glutathione and Alloxan on the 
Photoperiodic Response of Xanthium 


containing —SH. It appeared of interest, therefore, 
to test the morphogenetic responses of higher plants 
to substances containing thiol groups. For this 
purpose the affect of reduced glutathione on the 
process of floral induction in Xanthium, a short-day 
plant, was investigated. Alloxan, on the other hand, 
was chosen as an agent known to reduce rapidly the 
content of reduced glutathione of blood by both, 
oxidation and coupling reactions*,*. 

Planta of Xanthium pennsyloanioum Wall. were 
te ee ey ee ee 
Hamner of the University of Oalifornia, Los Angeles. 
The rocedure followed that described by 
Salisbury‘. 
60 plants were defoliated to a single leaf (third from 
the apex), to the exolusion of any apical leaves 


December 17, when six weeks old,: 
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Concentra tbn (moles/L) 


1. Responses to different oacentranons >t reduced gluta- 
ii thione (@) arc foran (A) 


exceeding 4 mm. in letath. Immediately after 
defoliation, 50 plants were eprayed wth an excessive 
amount of freshly made recuoed glutachione solutions 
while 10 control plants were sprayed with distilled 
water. All sprays contained 0:1 cent “Tritone- 
X-100’ spreader. The experimen ts were then 
subjected without delay i= a single -nduotive 16-hr. 
dark period. An identical srocedure-was carried out 
the next day with alloxar. After 14 days the stage 
of floral development =as d ined applying 
Salisbury’s System’. In adition ents were 
made of the diameter, a the grow-ng point. The 
length of the largest leaf retained st the apex was 
ado as & criterion of srowth i nent. 

o results show a proms»tive effec of both reduced 
glutathione and alloxan = floral development at low 
concentrations and an irhibitory e‘fect in oonoen- 
trations exceeding 10> W. A maximum effect of 
reduced glutathione appears to éocu> in the region of 
10-*-10-* M, whereas = the case of alloxan the 
optimum oconcentratior is possibly: lower than 
10-* M. Theses trends were fully confirmed by the 
diameter measurements. i 

Both substances, when applied ñ tow concentra - 
tions, exerted a prompiing effeœ on apical leaf 
growth, with a pronowrmed maximum in 104 M 
for reduced glutathione. This substance at a oon- 
centration of 101: M cased a alight’ curling in the 
inductive leaf while the appli of 107! M 
alloxan resultéd in a reærtial is of that leaf. 
Concentrations lower thaa 10-* M did not produce 
any visible detrimente. affecte. 4 

While it is very probxiie that tha idhibitory effect 
of the high ooncentratins on morphogenesis is a 


, > 
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ition, the absence of depres- and solubility test!. Quite recently Mackie and 
t at the concentration of Percival reported the presence of xylan in Caulerpa 
more specific morphogenetic filiformis and established ite structure as of B-1,3- 
The effect of alloxan on linkage’. z 
stent with the findings of In the course af our work on the cell wall conëtitu- 
ising that alloxan, being an ents of green algae wo have found that each of the 
produced an inhibitory main cell walis of Bryopsis maxima, Caulerpa anceps, 
h’. No growth-promoting Halimeda ounsata and Chlorodesméis formosana oan- 
o far been reported. sisted not of cellulose but~of xylan, in which xylose 
y effect of low concentra- residues are linked by a 1,8-bond. Besides these the 








hione on floral development 
ed for by rapid autoxidation 
However, oxidized gluta- 
e growth-inhibitory affect ; 
e resulted in growth promo- 
t 8 to 6 x 10+ MM (ref. 8), 
vith our resulta. 








presence of xylan also in Udotea ortentalis and 
Paeudodichotomosiphon constricta was probable. 

Of the materials used those of Bryopsis, Caulerpa 
and Halimeda wers collected on the Pacific coasts not 
far from Tokyo and those of Ohlorodesmis, Udotea 
and Pseudodtchotomosiphon were obtained from 
Okinawa Island. Each of the air-dried algae wna 


ation of auxin is suspected treated with 1 per cent hydrochloric acid at room 














noentrations.*. In view of 
p”, reduced glutathione may 
genetic effecte by pathways 
ation. of —SH. a 


Abst, G1, 8013 (1057). 
postum (Untv. of Cambridge Press, 


Chem. Abm., EB, 172g (1058). 
B., Prec. U.S. Nat. Acad. Soi., 89, 


Green Algae 


at present about the 
wall constituents of 
Rea that of the non- 
o cell wall of the algae 
Caulerpeceas and Codis- 
{sist for the most pert of 
to a polysaccharide- 
ical nature occurring 
tube) and pectin and in 
ion to same cellulose, no 
substances has thus 
in the algal cell wall 
is of staining reactions 















with 1 per cent. sodium chlorite, thoroughly washed 
with water and dried. Of the crude fibres thus 
obtained only that from Bryopsis gave weak but 
definite staining reactions for cellulose with iodine 
reagents, while with others the reactions were 
negative. None of these preparations showed optical 
anisotropy. On acid hydrolysis each crude fibre 
yielded crystalline D-xylone. imation of 
xylan content by Tollens method gave the following 
results (per cent of moisture-free crude fibre): 
Bryopsis, 78:9; Caulerpa, 75:0; Halimeda, 78-0% 
From the orude fibre xylan was obtained by extraction 
with 10 per cent sodium hydroxide at room tempera- 
ture followed by precipitation with ethanol. Purifica- 
tion was effected by repeating the ethanol precipita- 
tion of xylan from alkaline solution and finally by 
treating the product with hot water to remove soluble 
contaminants. 

With these xylan preparations the following 
determinations were made, the resulta of which are 
given in Table 1. 

When acted upon by sodium metaperiodate, the 
xylans consumed only s small amount of this oxidant 
as shown in Table 2. f 

The resistance of xylans towards periodate would 
mdicate that xylopyranoge as well as glucopyranose 
residues might be linked through C-1 and C-8. 
Assuming the 1,3-linked xylans to be of linear struc- 
the sugar residues situated at both ends of the chain, 
where per mole of xylan 3 moles of periodate will be 
reduced and 1 mole of formic acid produced. Based 
on the periodate consumption the degree of poly- 
merization was calcula (Table 2), the values of 
which agree fairly well with those obtained by 
physical methods (Table 1). ‘Fhe 1,3-bonding of the 
xylans was also indicated by the production of mtact 


Table 1. PROPERYIEE oy XYLANS T> 











700 {east 





H, Where km. valus for Caulerpa-xylan, 7% x 10+, as obtained from sedimentation data was «ppiléd to 
ulated from sedimentation and viscosity data, 
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Table 2. PERIODATE OXIDATION OF XYLA¥S 














xylose and glucose as hydrolysis product of the 
periodate-treated xylans. 

Erom Udotse as poll aa forg Pansdiodichotomoetphon 
of which the taxonomical position is still in dispute, 
orude fibres were obtained yielding a oe amount 
of xylose on hydrolysis. Accordingly, these algae 

of similar 
onging to Aspergillus and 
Chastomiun as well as in the hepatopancreas of certain 
molluses the. occurrence of enzymes was 
which hydrolysed the xylans to xylose. 

All these observations would indicate that the 
major constituent of these siphonaceous ier apa) 
Bryopsis, Caulerpa, Halimeda and Chlorodssmis, and 
probably also that of Udotea and blade verted 
siphon, is xylan with 1,8-li which might 
correspond to so-called callose of algae. 
ee ag a sas gr wt haa ar eg 
‘callose’ of Codium, unlike that of Halimeda, 
Chlorodeamis and Udotea, all of which are included 


Wo wish to thank Prof. 8. Begawa, Drs. M. Chihara, 
g Kamura and Y. Miyazawa for their generous 


Botanical Institute and 
Shimoda Marine Biological Station, 
Tokyo Kyoiku University, 

Otsuka, Tokyo. 


*Mackis, I. M., end Percival, BB, J. Chew. Soo., 1151 (1980). 
*Iriki, Y., and Miwa, T., Vetere, 188, 178 (1900). 
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Bacterial Effect and: Radiophosphorus 
Assimilation in Organic and Inorganic 
Forms in Salmon 


APPROXIMATELY 90 per cent of phosphorus present 
îi: thè Body ofa fah is fonnd in tha akoleton: The 


plays a major part in energy-transfer mechanisms. 
The reservoir of phosphorus in the skeleton is also of 
great importance in maintaining adequate levels of 
thig element in the tissues. Fish selectively absorb 
pablo pipes Ton foa and concentrate in various 
tissues the’ elements of which these salts are oom- 
posed!.". Furthermore, freshwater fish do not swallow 
water nor absorb salts through their skin but 

carry on salt exchange only scroms the gills*.. 
The present work was taken up to study the 
effect of becteria and sudinphosphoris assimile- 
Perc ee ee nek Genie LORDS Te Rino 
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By the courtesy five Sadia wen One 
Development Branch, yearling salmon were, brought 
from the Grand Lake seats eee el in 
temperature-controlled room st 10 +1° C., where 
were given two days to settle Iown to the conditions 
of the laboratory. The exper-—rental aquaria were in 
two sets, to one of which anthiotic tetracycline was 
added (0-1 gm. per litre) anc left for 4 hr. po that 
the bacteria would be inacfivated. Phosphorus-82 
(Atomic Energy of Canada, Ltd.), in the! form of 
phosphoric acid in diluted =a-rdrochloris acid, Was 
then added to both sets to give an activity of 2,100 
counts per min. per ml. AJar 2 hbr., fshes, which 
were roughly of the same site and weight’ (approxi- 
mately 15 gm.), were put in doth the When 
phosphorus-32 was added +c water im | „inorganic 
form a considerable portion is either! ingested 
or transformed into organise form by >ecteria and 
& oondition of equilibrium is. rosohed iiri about 
24 hr.!?. 

From each set, henoefortn called cohtrol and 
treated (with antibiotic), four fishes were taken out 
at regular intervals and their tissues (ivèr, kidney, 
rouscles, brain, heart anc bone) were’ variously 
treated for counting the radioactivity.” All the 
Fea dinga ware oohoo tod Tor TEST ed ere ee 

ized according to the urannm readings. 
When phosphorus-32 entersc the ,bodz of the fish 
its distribution in the tiseine waa similar m both 
sets, bone taking up the maximum follewed by liver, 
kidney, heart, muscles and brain. In „the initial 
stages, up to about 24 hr.. the uptake of radio- 
phosphorus in both treated and control was almost 
similar. This can be explaz-«i by the fact that radio- 
Day culls ee not yet become com- 
equilibrated so thet most of -ha radiophos- 
phortig tn POEN sola wae inte inncgan TOT. After 
24 hr., the uptake in treatel set went ap. In treated 
pet, fishes could take up Fom water $016 per cent 
of phosphorus-32 and the control only 27-5 per cent. 
The turnover-time, which nay be defined as the time 
required to renew completsly the amount of sub- 
stance present in the tica. was calowlated both for 
water as well as figh, and it came to 11€-l'and 54-7 hr. 
in treated and 142-2 ami 71-4 hr. in! control re- 


absorbed more phosphorus-2 from th» 
had all the phosphorus in -norganio form. In the con- 
trol, where three-fifths of phosphorus was transformed 
into organic form, the uptake was low. 

The question which still remains z0 be answered 
is whether fishos can abearb phosphorus in organic 
form or not ? If so, what is the relationship between 
the two ? Another seb Gt axperimencs was arranged 
to answer this question. Large quentities of phos- 
phorus-32 were added to the aquaria-and left for two 


Fel cr peer sarge ios 
In other aquaria inorga7 
in water and tetracycline was immediately added 


be suppressed. In 144 tr., fish oculd absorb only 


156-0 and 82-6 hr. for heg ined in organic 
phosphorus-32 and 107-3 and 51-8 hr. PEENE E 


_ in inorganic phosphorur-13. 
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ed ia that fisho havo a 
more 


ic state, the assimilation 


, Inorganic salte easily 
a but if they are forced to 
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ee ees 
considered to be a sufficient 


of absorption and turnover 
The detailed results will be 






teams of two fly catchers each visited five pointa 
during a day, spending 1 hr. at each point, so ‘that 
both rivers were completely - daily. - The 
-number of flies caught was recorded and the flies 
released at the end of each hour before moving, 


Prof. F. R. eee 



















on to the next 


int. 


In contrast to the formulatioù used in the pre-` 
vious trial, where wettable powder was used, the 


from a water-miscible concen- 


drums. One`part'of this concentrate was 


(1987). to four parts of river water, giving an emul- : 
Aquatic Antmals” (Cambridge sion containing 4 per cent dieldrin: The sprayers 
used were five -2-gal. ‘Eclipse Warley’ pneumatic | 

83, TO Cao) spra: j a a i i 
: w pee It was found that a greet advantage of using this 


, Tamno. ond Oceano., + de sees 


OLOGY 
Control of Glossina 


preparation was that the concentrate could be added 
directly to water in the sprayers and therefore no bulk 
mixing or carrying of mixed solution was necessary. 
Spraying was concentrated mainly on all tree trunks 
and leaves up to 4 ft. from the ground throughout 
the width of the riverine vegetation, special attention . 
bei po E airy: tear a ina) Segara 


ing the emulsion left a 


_ phase ted after 


Immediately after spray- 
it from which the water 
15 min., leaving the 


evapora 
almost invisible oil phase. It was not until some 


24 hr. later that a white 


deposit of crystals could b& 


seen on the foliage. To eliminate the riak of spraying 
twice or of under-spraying due to being unable to 


. see what had been sprayed before, a man with a ' 


matchet followed each sprayer añd slashed trees that 
had been sprayed so that those following behind would | 
know what had been already treated. 

The effect of the insecticides on the fly population 
was immediate; the average daily total catch over all 
points for the week before spraying liad been 31 
Gloseina pal 


palpalis per'day (no G 
woeks 


present for the few 
since early December 1957, when spraying took 
place, until December 1958, when fly rounds were 


. tachinotdes ‘were 
the trial) and 


using DDT, when a gradual fall-off in population was 
experienced. It has been noted previously in the 
Northern Guinea Savannah Zone, for example, m 
Katsina and Kano Provinces, where a single applica- 
tion of DDT is now used as a routine mneasure, that 
an absolute kill immediately following the application 
usally forecasts the success of the project. Thare 
was no significant drop in fly population on the 


control river. 


In all, 52-8 gal: of water-miscible concentrate 
were used to treat the 4:5 miles of river, at a 


rate of 11-7 gal. of 20 
the whole operation 


cent dieldrin per mile, ` 
six working days to 


complete. The cost of spraying came to £41 per mile, 
which, in spite ofthe increased initial cost of dieldrin, ` 
compares very favourably with DDT, where the cost 
was £50 10s. per mile for five applications. Partial 


clearing by 


paid labour on this river would have 
cost between £100 and £200 


mile. 


The use of dieldrin, if it is ound in other cases to 
be as successful as the one just described, will 
represent a saving not only in the cost of the materials 
by needing only one application as 


and transport, 
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inst four or five applications of DDT, but also in 
t a small spraying unit should be sable to cover 
length of river five times greater than would have 
possible in the same time had DDT been used. 
On, the strength of the success of this trial a river 


sleeping sickness control offlocer. 


Sleepirig Sickness Service,.- 
Ministry of Health, ‘ 
* Northern Nigeria. 
ee B Wio du An coun of Nigerian Vegetation” (Government 


049). 
* Davies, J. B., Pol. Bat Re, 40, PE 8, 427 (1058). 


_» CYTOLOGY 


Acetone Fixation for the Cytochemical 
Demonstration of Dehydrogenases in 
Blood and Bone Marrow Cells 


Tra demonstration and localization of certain. 


sooepting 

insoluble pigments (formaszans). 
sr yr peace bar Ge T 
a p- substituted dıtetraxole, which, under 


lication of this technique to the study of 


ad Ce eee te Be eee 


le of fixation, since fixatives giving adequate 
coll preservation generally inactivate the enxymes. 
Using air-dried smears of blood or bone marrow we 
have found this to be the case with most common 


fugation, and’ accurate cell identification proves 
difficult to achieve. 

haro haa revenily bea ivisteueinig aties E aoha 
as a fixative for enzyme cytochemical work, since it 
appears less: inimical to enzyme activity than most 
other fixativest’. We have therefore carried out a 


applied to air-dried smears of blood or bone marrow 
prior to imoubetion im the substrate—tetrazolium 
. mixtures for cytochemical detection of succinic and 
lactic dehydrogenases. Mixtures of acetone with other 
fixatives generally gave excellent cell preservation, 


r 
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but invariably reduced 
used for only 30 sec., 
ee ee 


after an 
dag of Baten quite aden far identi 
level. The most satisfactory tion of acetone 
rage sil scan i iea hae refs aby wast at 
ture, since iœ-cold acatone solutions 
tecidedl to wash aff aninary fortis DEA: ‘Consistent 
r obtainad į ides this 


in enxyme activi in sameara: , Kept for 

5-6 hr. before fixation. Arer this tme dehydro- 

Mie ne oe 
ee tegen iv payers 


oo e e n 
tare for 80 se0.—l min., rinsed in dissilled water and 
air-dried. 

_ (8) After fixation the smears are incu>ated for 1 hr. 
in the appropriate substrate Tor exampde, for succinic 
déhydrogenase : vf 


Zhosphate buffer 0-2 M H74 ` 10 0ml 
Sodium succinate eae 100 mL 
Sodium bicarbonate D Mf , 20m. 
Oaletim chloride 0 03 M ‘+ 03ml 
Almminfum ohloride 0-08 M eee n 02 mal. 
Nitro . i roLoof Alstilled wa 
Distilled water to 40 0 ml. 
(4) The smear aro then Fad with piled water, 
dried and counterstained 0-1 per gent nuclear 


not only proviGes a reasonable degree of 
fixation without inhibiting jdehydregenase activity, 
but also removes lipid partie out which the coloured 


formazan may ‘otherwise falsely The 
pattern of positivity nora Art Ey 


sien, 2 





Wig. 1. Oytoplasmio positivsy mtymphooste! (x 1,000) 


1 

























k B is not, however, dis- 
B oe acetone fixation are 


up to the stage of myelo- 
also showed sites of 


E T., Neture, 183, 263 (1989). 
ba ‘Brucker, J., J. Histochem. Oyie- 


en-stained Somatic 
ucliel 


data on oytophatometrio 
«stained somatic oall nuclei 
id gland!, untreated and 
eer epithelial nuclei? and 
uclei® has shown that a 
hen the absorbance, E, is 

of the squared nuclear 
and b are canstants in the 





bp» 


calculated‘* demonstrate 


that is, objects in which 
are randomly distributed, 


nuclear deoxyribonucleic 
imagined as being homo- - 
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non-interacting and retaining their shape 
number. But according to the equation the mass 
(=deoxyribonucleic acid-content) must remain oon- 
stant, no synthesis can therefore take place, and this 
is contradictory to experimental facte. We can 
thetefore conclude that in spite of the finding that the 
equation describes the data well, it does not mean 
that the nuclei are homogeneously absorbing objecte. 
A non-random distribution of the Feulgen-stain was 
observed by DeSmul and LeComte’, and recon- 
structions of serially out human and rodent somatic 
nuclei in this laboratory!" have shown that the Feulgen- 
stained material and the nucleoli are distributed in a 
peripheral zone. We can therefore conclude that the 
absorbing material, that is, deoxyribonucleic acid, is 
not randomly distributed and consequently that 
published data on the total nuclear deoxyribonucleic 
acid content, calculated from cytophotometric 
measurements of fixed tissue assuming a random 
distribution of the absorbing particlea, are erroneous. 
The linear relationship between the nuclear abeorb- 
ance and the inverse nuclear surface area may simply 
mean that both the absorbance and the geometrical 
dimensions are dependent variables of a common 
variable as, for example, the growth process, thus : 


E = f(X) and Dt = f,(X) 


A practioal consequence of this is, as is also evident 
from the equation, that a simplo measurement of the 
nuclear geometrical dimensions will yield the same 
information as that obtained by the far more com- 
plicated and costly photometric method. e 

' The numerical value of the constant b, which may 
well have differant absolute values for different 
tissues, is thus not a direct measure of mass, but is a 
measure of the rate at which the absorbance decreases 
for unit surface area increase over & given mass range, 
For nuclei retaining their ploidy the growth process 
resulta in a doubling of the chromatin mass (deoxy- 
ribonucleic acid) and an increase in size between, two 
consecutive divisions. As the relative mass of nuclei 
of different ploidy has the value of 1:2:4.. „it 
follows that for a stationary population of nuclei of 
different ploidy the relative numerival -values of the 
constant b will show this ratio. If. transitions from 
one nuclear class to another occur the relative value 
of b will depend upon the intensity of transition. 
Deviations in the relative values of b from 1:2:4. 
can accordingly be interpreted as a measure of the 
degree of cell differentiation. We would therefore 
expect, as also found by Moore’, that the degree ol 
deviation from the ratio of 1:2:4 varies from 
individual to individual as well as with age. 


Siwon IVERSEN 


Cancer Research. ENET 
Royal Beatson Memorial Hospital, 
G: 


. Feb. 29. 
PA No Berie Medr and Kahn, R. H., Aaa Ansi., SIM, 18 


1 Pasteela, J., and Bulongh, W. B., Arok. Biel. (Paris), H, $71 (1053) 
* Swift, H., Physiol. Zooi., 98, 160 (1950). 

‘Swift, HL, Ist. Rew. Otol, 3, 1 (198$). - 
' Èwtnt, TL, and Basch, H., “Phystoal Tochniqnes in Biol. Bes.” , 3,35 

1966). 

*Kornick, N. B., Int. Rev. Optel., 4, 221 (1055), 

1! Yeudrely,- B, and Vondrely, O., Int. Rev. Opie, &, 171 (1966). 
* Lecehtenberger, O., “General Oytochemioal Methods” (1058). 
*DeSmul, å. and LeComte, O. Arok.. Biol. (Libge), 64, 350. (1953 
1e Trersen, 8., Ads Anat: (m the press). 
11 Moore, B. O., Chrearesoma, 4, 565 (1952). 
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FORTHCOMING EVENTS 


Tuesday {July 5 
IxsrrruTE oF Pures (at 47 Belgrave Square, London, B.W.1), 
4 5 pm—innual General Meeting. 
Tuesday, July 5—Friday, July 8 


FOURTH UwraawarvtouaL Gorman OCowrmnmscm (at Church House, 
Street, Westminster, 


Great Smith W , London, 8.W.1). 


Wednesday, July 6 


“Bona AND Toorn Bocwery (at 234 Great Portland Street, London, 
Ta), at 4 pm.—Annual General Meeting, followed by Scientific 
pers. : 


APPOINTMENTS VACANT 


Arriqcations are invited for the following appointments on or 
before the dates mentioned : 
| ASSISTANT LECTUXMR or Lacrurme (preferably with suitable quati- 
floations in entomology) IW THE DEPARTMERT OF YooLogr—The 
Bogion Laeron (wilh & redia] daea und: peefecahiy a dap 
a 

in ) Ix ParuoLoer—The a al 
Hospital, West London, X. 


Gane OET Mam Enni 
Bilyer Street, London, M.18 (July 12). 
a wa ee purrs rA OF AFPLIED MATEN- 


or Assiwtart 
experimental study of moleouler 
Dy TwongaWio OR PAYKAL OMIICSTEY- Registrar, 
College of North Staffordshire, Keele, Staffs (July 16). 
Lacrumm Lacro special 


or 
Tho Univesity, A se 


with and 
methods) m OROLOGYT-—-Tho Secretary, University, 36 North 
imwin? 


(July 10). 
Lacruxa IN 
BIOCCHEMINTRY-—The Dean, 
London, 8.5.1 ard 18). 

DunronrrriTot (with 
istry, and 


tthe Unt ar Cape Town, Bouth Attics The Boarmtaty, Aumociae 
a —' A - 
tion of Uniwarsiiios the British 6 Gordon Square, 
London, W.C.1 (Cape Town and 
PROFRSGOR OF OAL OHMMISTRY at the U: of gata 
Boorotary 


Africa and Landon, July 31) 
Semon LIOTURJIE LWOTUREE, responsible for courses 
in forest botany at graduate and. level; and a LECTURIR 
intecesta tn either tree ph and 


some 
In MBOHANIOAL Muurrausrwa “ire AAOS a Titverstty 
Univermty, Glasgow (August 8). 


' NATURE 1 
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' i 
METALLURGIET (with a eciencs degree, referahly arith honours or 
equivalent, and experiences metallortcal IX TRN EMRARCA 
Laso’ r Australien Posi Ofen Melbourne, por researoh in 


LaecruRm (with an honours experince 1E i with 
qualifications X 

logy) Of Pwromonocy at the Untverst- of Canterbcry, Christehureh, 
New Yealand—Thoe , Asnctation of Uritversties of the 
British Commonwealth, 36 Eguere, Londan, W.0.1 (New 
Yealand and London, August 31). I 
LECTURERS (2) IN GEOGRAPHY at the Untverst:y of Melbourne, 
Anstrelia-—The = Ey ogee of igh hve Et dane 
pamorma e j 

SENIOR DEMONSTRATOR uates IN ZOOLoey it the University 
of Western Australa— tion of Untversttios of 
the tish Oommonwealth, 36 Square, London, W.O. 
(A August 31). x] 

Basio 3 (grince In or bioabemistry), 
to work in the Pathological Lı5ora: the 

of the The Group ! Rea: and 
District H t Committes, 3 Craven Road, Reading. 
Mananold Aree Dati Buryloo Tne Hoapiial Bonoan king's 
MM Hospital, Su in. Notts. 

Sunnar (WiU an honours degres Ih chemistry, ajia, back tel 

or and some experien 

eure reas goa 
of the Veterinary F: uties wil inelude frequent 
safaris for in of Recrnttanmt, 


oe STURN : teacher witir a know of 
ig peep aha I ag E 


a to teach piyslology or ocmparattve animal 


pretig peslilising m eni 


Bema. 
well with researd: industrial 
Liw physicus. : ardor 


and Et a ha a Š in paebalogs 
investigation of fnleligece, end m Please’ te AAD T and 
Feats Bocca, T af Benam Hoya Hcapttal, Beckenham, 
ent—The The Insttrte of Puychiacry, The Maudsley 
Hospital, Denmark London, =1.5, quoting Rat, B.F.A. 
ReSMARCH CHMMIST (graduate tr chemistry with ex- 
perineo), for analyioil studies ti sofl and Hasse- The Charman; 
Medical Researth Council, P.O. Box 647, Dunedin, 
te in Zoology) ‘ar 
Duoparaion Gagrioy, for work Feeding to ths ae | basis 
dol Miia N E ste 


biological —The Secrecary 
3 a Y 
Sonorrnric male or i Th Piaget peed m` 
selenoe, pharmacy or biology), duties w. oonaist of tech- 
nical work in the Blood Aap a an Servico Labora 
» Blood on Serves; Roby Stre-t, Manchester 1 
o OFFicme (with a fc=t ar good lass 
degree), to work in the Laboratcciee—The Beoretary 
to the board, The General ; Leeds 1). | 
Baxior Ruwmakon TECHNICIAN (with a knowedge of electronics 
and vacuum techni and prefe previous e-perienos in electron 
), to reeearoh fects of 
She ne Vo Bi ospital Medical 
College, West Smithfied, B01 | 
(preferably 


CLAN (with 
Qawomm Hoasrrrat, Bea 
London-—-The Searstary, Insti af Cancer 33 
London, S.W.7, ting 1/B/s2. 
Vorrum Lacrvxar Fe provinta erperieiee miia teaching of 
i bred E Parosa pala: 
A atvecsity Xaneas, wrence, 
Kansas, U. j 
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CO-OPERATION AND SCIENTIFIC AND INDUSTRIAL, RESEARCH 


HE dominant impression. left by a first reading 

of the third report from the Council for Scientific 
-and Industrial Research, for the year 1950*, is the 
effort which the Council has made to provide the 
basis for informed judgment as the balance of the 
Department's effort. A new feature appears in the 
appendixes giving the percentage distribution of effors 
in the *s research stations, 1960-61, based 
on the cost of staff working in particular fields in 
relation to the cost of total staff of the station ; taken 
with the analyses hitherto regularly provided of the 
distribution by subject or field of study of research 


granta, studentabips and fellowships, this enables the | 


detail of the Departments cdntribution to the 
research effort of Britain to be seen more clearly. A 
summary of the more important financial items 
appears elsewhere in this issue (p. 118). With this 
goes a determined effort to further co-operation 
between the various reedéarch organizations with 
which the Department is concerned ; this is, indeed, 
distinguished aa ‘one of three central themes of the 
, and a feature which is likely to grow as the 
uncil identifies, and endeavours to meot, the present 
and enierging needs of Great Britain for scientific and 
industrial research. - * 

To this comment, one reservation must be made. 
The veil hitherto drawn over the activities of the 
Depertmbnt’s information or intelligence division 
remains unlifted. Nothing is said about the expendi- 
ture on this division, which has now been merged 
_with the Qverseas Liaison Division, and only 
“ passing referencé is made to the National Lending 
Library for Science and Technology, apart from the 
appointment of a consultative committee, the repre- 
sentation of users on which has already drawn some 
adverse comment. The report refers, indeed, to the 
establishment lagt year of an ad hoo committee under 
Bir Walter Drummond to review the activities of the 
Headquarters Information Division and to consider 
‘how extra might best be spent, between now 
and 1966, by the Division and on a acheme for 
assisting research associations to conduct special 
experiments in communication. , 

This Committee reported later in the year, end the 
Council accepted its proposals, though they are not 
specified. It is merely stated here that the proposals 
involve three main groups, of services : publicity, 
chiefly through the maas media ;. publications ; and 
stimulation of regional information services. The 
Council is convinced that there should be a general 
increase in publicity services, particularly for the 
Press, radio and television, and it is the 
necessary staff. As regards publications, its main 
concern is to present the Department's scientific 


< 


work to wider audiences t all-levels in industry, 
chiefly through brief summaries of useful information 
_made available by research and throvgh' reviews of 
recent achievements in selscted fields of ‘inquiry. It 
is already supporting five ragional tecknidal informa- 
tion services from Oonditicral Aid Funds, based on 
Birmingham, Bristol, Oardi&, Manchester and New- 
castle, and proposes to coninue this support, subject 
to satisfactory reporte on tasir existing and potential 
value for industry .and to the éontinaation of local 
support. It is also proposed_to considsr well-founded 
proposals for assistance to new oaxtres, provided 
there is evidence of adeqaste local backing. Oon- 
Sere by epee a ee 
offices of the Department. 

This policy seems to be scund aiid “eapaneble, but 
there are two comments ic be made. First, if its 
value is so clearly demerstrable, euch a service 
should not be dependent ar Conditional; Aid Funds. 
Secondly, it may be questivned whether such regional 
technical information servipes- could. not be more 
efficiently and economically developec as part of the 
publio library service as a whole., Action on the 
Roberts Report is still aveited, and Btitain's tech- 
nical and other resources are too limited to permit- 
duplication or disaipation. It is difficult to regard 
the divorce of the project for a>Netional Lending 
Library for Science and Teshnology tom that for a 
Central Reference Library covering those fields as- 
other than a reprehenmile waste ot r and — 
man-power. Full efficiens- can onb- Po secured as 
part of genuine national system which takes full 
account of local resources, and the very growth of 
the Department's effort x the field:of information 
makes some annual account of that efort increasingly 
desirable in the national icterest—an asoount which 
will display that effort cuantitativaly as well as 
qualitatively between ths various sections of the 
Information Division, the National Tending Library 
for Science and Techndogy and ‘the grant-aided 
` bodies, such as the Aasocintion of Special Libraries 
and Information Bureaux. There may: be good and 
sufficient reasons for nob pablishing' <hei report of the 
Drummond Committee Leslf; but merely aa & oon- 
tribution to the growing concern for! co-operation 
between the various orgenzzationa which the Council 
maintains or assists it 18 portant that full informa- 
tion asto their activities should be made available. 

This is, in fact, & usafal means of strengthening 
the links between researmh stations,| the research 
ageociations, the universitize and the colleges of tech- 
nology—linka which have zhis year a'so ‘been reviewed 
by the Oounsil.” The Consil.o ‘in the present 
~teport on three new wir in whisk relations can be 
- developed, apart from strengthening existing contacts 
and making more use of consultants aiid of studenta 
during the vacations. ~Fitst, in & renewable 


i . 


applications 
15] applicat 


previous yoe 











2 Creel welcomes proposals 


tht provide facilities for in- 
new laboratory apparatus 
Thirdly, it suggests the 
o research stations offering 
propriate, for teaching in 
technology and technical 


e Council’s policy should 
councils to develop on 
should certainly be true 
help to universities and 
of their researches, which 
report on which special 


der the Department’s 

i on grants 

d be increased three- or 
958-59 to 1968-64. In- 
being gradual, in the first 
ae Council received 360 
million, compared with 

s only £636,000 in tho 
isl. provision for research 
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grants under the five-year plan has been insufficient 
to support all applications of sufficient merit, and 
this appears to be equally trae of grants for nuclear 


substantially higher level than was contemplated in 
the plan, and this level will be reviewed year by year ; 
this arrangement should enable the Couneil to support 
all applications which seem to be worth while. In 
1958-59, 205 grants totalling £2,232,000 were finally 
made, including 52 (£826,000) in nuclear physics and 
14 (£187,000) in the human sciences, compared with 
119 awards totalling £445,000 in the previous year. 
The Department is also now tho national centre for 


- administrating the scheme for Senior Visiting Fellow- 


ships of the Organizataon for European Economic 
Co-operation, as well as the Studentshipe and Fellow- 


, Ships for Britam of the North Atlantio Treaty 


Organization. Postgraduate awards also expanded 
steadily and smoothly, although the scheme for 
Advanced Course Studentships did not develop so 
rapidly as expected. 

While the Council reporte that the Department 
now has the staff needed to handle the continued 
expension of the schemes for research grants and 
training awards and at the same time to visit the 
universities and colleges of technology more often, git 
13 obvious that the educational function of the 
Department will need to be kept continually under 
review. The Department is already playing an 
important pert in the development of university and 
technological education in Britain-as in our research 
effort, and the Minister for Science will need to have 
regard to its work here as well as in research. There 
may be implications, too, for the Minister of Educe- 
tion, as indeed Lord Hailsham seemed to hint at the 
end of his speech in the House of Lorda debate on 
university education on May 11. Lord Hailsham 
raised explicitly the question whether our arrange- 
ments for co-ordination between the universities and 
other places of higher education are satisfactory, 
referrmg in particular to the use and location of 
expensive equipment such as cyclotrons, and stating 
that he has already asked the secretaries of the 
Research Councils to examine the quastion of the use 
of central facilities by universities and the use by 
universities of research facilities available in Govern- 
ment research institutes. 

All these matters indeed merge into the broad 
question of co-operation generelly which was dis- 
cussed at the outset, and this question recurs in the 
third main theme to which the Council directs atten- 
tion in the present report: the consolidation of 
changes which have been made in previous years in 
the functions and organization of some of the Depart- 
ment’s research stations. Here the Council announcer 
the completion of ita survey of present and projected 
research. This year it has made no new changes in 
organization or scope of work. The review, however, 
haa led the Council to reconsider the broad aims and 
functions of the stations as a whole, and perhaps one 
of the most important passages in the report is thal 
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which sete forth the re-definition of the terms of 
reference of the research stations. Taken with the 
analysis of the distribution of effort already noted, it 
facilitates accurate assessment of the character of. 
their contribution to the nation’s research effort and 
the identifloation of gaps or weaknesses: 

Basio research at the research stations, in the 
Council’s view, must be directed to the general 
advancement of technology and applied science, 
although each station should be free to follow up new 
ideas falling within ite sphere of interest and thus 
include some research not directed towards any imme- 
diate need of industry or-the Government. Strees-is 
laid on the need for each station to limit its work to 
selected carefully defined objectives, the criteria for 
selection being the end to which the work is directed. 
Directors are also to ensure that the appropriate 
Government intetests are lmked as closely as possible 
with the work of the station and, in consultation with 
research associations where appropriate, +0 secure 
financial or other co-operation with industry. 

Within these terms of reference, the major purposes 
of the research stations may be catalogued as follows : 
keeping their flelds of research under constant review 
in order to define objectives and help the Govern- 
ment, industry and the public to maintain a lively 
interest in the value of research ; conducting research 
which can provide information to the central and to 
local government on matters such as air and water 
pollution, road: safety, noise, and the extinction and 
prevention of fires, in which the Government has a 
clear responsibility for protecting the health, safety 
and welfare of thé ‘citizen; oarrying out research 
and development ‘in subjects, such as tho natural 
résouross of the “country and the design and con- 
struction of buildings and roads, which are important 
to thé’ Government and which affect the efficiency of 
industry aga whole; extending the frontiers of 
knowledge in applied science so that industry oan be 
provided with the-basic information required for the 
solution of pärticala problems; paying special 
regard to the research needs of industries that lack 
an, adequate scientific background, and to research 
problemas that are common to more than one indus- 


will’ enable the -stations to. appreciate industry’s 
problems more fully and to recognize those fields in 
which more basio research is most urgently needed ; 
providing for industry national and imternational 
standards of measurement of various fundamental 
physical quantities (such as length, mass and time), 
related secondary standards and reference materials ; 
conducting research on matters of broad public 
interest ; -and disseminating the results of research 
and securing their application” 

The Research Council emphasizes the last of these 
functions, believing it is increasingly important for 
the research stations to promote good relations with ” 
the users of research results. But by and large, these 
objectives demonstrate conclusively the reason for 
the existence of Governmenf-maintained research 
stations. In their absence mush of the work indicated 
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piecemeal fashion. Bo far, haxaver, as extending the 
frontiers of knowledge in applied science 3 concerned, 
it may be necewary to revisw continuously the 
` relations of the research stations with tke colleges of 
technology. If the latter ar» to develop adequately 
and make their- full -oontriution to tke supply of 
technologists, a very considerable extension of 
research in applied science: in che dolleges themselves 
is needed,,and_there may be the leas teed -for such 
research by the Department’s own staticns, It might 
be noted in passing that several of the Department's 
stations carry oub work on “behalf of Colonial or ` 
overseas territories for whicn the Overtsas Research 
Council might otherwise -nsed to’ riako special 
arrangementa, though the Overseas Hgmarth Counol 
is not mentioned in-this report. `- 

Three other areas of research in which opportunity. 
for co-operation has: arisen are, -however, specially - 

mentioned. First, research ‘ar- creep, for which'a new 
building is being ‘erected at the Nationel Engineering 
Laboratory, and a Creep Information Centte has bean 
opened ; the Electrical Réssetch Assocation is plan- 
ning an extended programme df: testa’ deaigned to 
give new information on stsels ‘and texnperatures of 
particular relevance to stéem-raising plant ‘and tur- 
bines for generating electric: power. . The National 
Physical Laboratory will analyse and evaliate the 
relevant metallurgical data, and a Cormiittee of the 
British Tron and Steel Reseacoh Association is organ- 
izing co-operative creep-teats by several steel firms. 
Secondly, a committees hae been set up under the 
chairmanship of Sir Alfred Eugaley to consider what 
research needs to be done into the fatigue of engin- 
eering structures made of metal, to existing 
research facilities and maka recommendations. The 
third example is in shipbuilding research, and the 
Council emphasizes ita commer that the resources of 
the National Physical Laborstory, inccuding the new 
Ship Hydrodynamics Laberstory at Feltham, shall 
continue to be used to tho full along with those of 
the British Shipbuilding Regearch Aneociation and 
ee ee eee a eee 
and Development Associatian. 

On the distribution of effort, ib rauét suffice to 
mention the much gresser emphasis the Radio 
Research Station is placing on reseercl related to 
the Government’s space programme. About half the 
Radio Research Station’s rasearch effcrt is now to be 
devoted to space investigation. Ite study of the 
propegation of radio waves is to be widened, taking 
advantage of the new techniijues prov.ded by rockete 
and artificial Earth satellites. Its present studies of 


_ the world distribution of radio noise to be sup- 
plemented over the entire -radio- 
and later it is likely to work at 


Slough in predicting the’macks of petellites, and at 
the sub-station in Singapore, with madio telescopes 


and other specialised equinment Binge, however, 
the Department’s on, ralio research in 
the year ended March 31, 1959, waa 3 ligtle short of 


£200,000 out of some £,000,000, even with £12-7 

million provided in the 1960-61 Givil Estimates, 
7 Pi 
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ch by the Council for 
Research 1s unlikely to be 
derable change were made in 
between the different 

for promising researches 
Council is making in col- 
Society, any considerable 

h seems likely to come 


some way further to pro- 
allocation of the national 

d development as between 
Minister for Science can 

h councils to analyse the 
efforts on similar lines, and 
co-ordination of effort in 
or Scientific and Industrial 
any untoward duplication 
d be eliminated with in- 
t, the Minister and the 
tific Policy should be in a 
any attempt to devote an 
i into specific fields on the 


be Scientific and Industrial 


f prestige rather than of 
and practical return. 


AND MODERN 
ENCE 


Principle in Modern Science. 
Pp. xx+880. (Cambridge, 
ity Press ; London: Oxford 
60s. net. 


by an unusual man in & 
The author is professor of 
philosophy of. science. The 
of this stupidity or bold 
ny be, is Buenos Ares. The 
criticism, for he is not only 
his two fields and presents 
, but also he has a strong 
[anoo Desprte the fame of 
pager eee of this length 
written without wasting 
; is far from epoch making, 
er of competence and value, 
p those who may wish to 
the subject, but even to 
Of those who have thought 
this subject, there must 

of the great complexity 
that they will find here. 
nob transform our view of 
the whole matter in such 
Lansotive that anyone who 
tout knowing this book may 
having graduated in the 





je put as follows. Few will 
at not all laws and explana- 





ud; in fact, the pendulum 


` ny deny that the principle 
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of causation haa any role at all. Against this view, 
the author argues patiently and temperately to 
point out that causal Jaws and causal explanations 
do in fact exist, but he is emphatic that they are not 
the only kind; but he also holds that there are quite 
a number of non-causal types of law and explanation, 
-and he describes these carefully. In short, his thems 


is that the iple of causation takes an important 
role, thoai kor a dommating one. It may be 
remarked that this may sound insipid, but if so, it 18 
not insipid through compromise, but because, if the 
author is right, the world is governed by heterogeneous 
types of law. - Another important part of the thesis 
is this. Certam thmkers, whom the author calls 
romantic, have denied that the causal relation connects 
one event with another event; and they have done 
#0 on what the author conmders the correct grounds 
that every event is connected m innumerable ways 
with all sorte of other events and therefore that an 
event 18 not simply nicely and neatly connected with 
another one as, say, rte cause. On the other hand, 
the romantios go on to deny that causation has any 
role becsuse of the warp and weft in which events 
find themselves. This the author disputes, because 
it reste upon a misunderstanding of the nature of 
scientific laws, which, whether causal or not, deliber- 
ately abstract from the warp and weft and for 
scientific purposes isolate events satisfactorily. 

The one main criticiam to which this book would 
seam to be open is that it may fail to satisfy those 
who regard statistical laws as having superseded 
causal laws. Such critios would doubtless concede 
the existence of causal laws as described by -the 
author, but insist that-these should be reducible to 
statistical terms. It would be interesting to know 
whether they regard such & contention as a purely 
scientific one (in which case they would be refuted 
by the fact that science contains both types of law) 
or as & piece of philosophy-of science (they would 
probably agree that ıb was the latter). Then the 
contention would seem really to concern the ultimate 
nature of scientific laws, and it is not easy to see what 
bearing this contention would have upon science itself. 
Further, it would be interesting to know how ite 
sat gre would set about proving the contention. 

t would be valuable if critics would commit 
themselves on these points and if Prof. Bunge were 
to make a detailed reply. He would no doubt do so 
highly effectively. J. O. Wispox 


AUTOMATIC PROGRAMMING 
IN THE U.S.S.R. 


Programming Programme for the BESM Computer 
By A. P. Eréhov. Translated from the Russian by 
M. Nadler. Edited by J. P. Cleave. Pp. vi+158. 
(London and New York: Pergamon Press, 1959.) 
60s. net. 


UTOMATIO programming is aimed at allowing 
us to present to a computer a statement of our 
problem in a form as close as possible to that m 
which we are used to ing ourselves. This 
may be a mathematical form for the scientist or 
mathematician or perbaps ‘technical English’ for 
the busineas man. 
The book under review describes Russian work 
along these lines based on a “symbolic or pseudo- 
mathematioal” form. In my view this work is 
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marred by the fact that the Besm computer used can 

only accept numerical forms of information so that all 

the symbolism has to be recoded. It is true that the 

(‘compiler’ would 
the 


the necessity for detailed coding of loops, operators, 
minimization of working space and so oh, but I cannot 
believe that the sutomatic nature of the coding 
_ ‘practically rules out the chance of error”. 

The value of this book is greatly reduced by ita 
-shoddy presentation. Why must we have the 
translator's typewritten notes ? Se ee 
make a number of tables and diagrams ambiguous. 

Part 1 of the book describes the symbolism whioh 
the programmer must use: I feel a less fearsome 
notation could have been chosen. (See example on 
p. 21.) The numerical coding of this symboliam is 
inadequately described. Part 2 describes ae 
ee ee operators, and 

Talo of cane of tio This is marred by the 
some of the flow diagrams. The notation 

of parr te is not described until Part 3. 
This Part describes the P.P. itself and is the most 
detailed part of the book, There is undoubtedly some 
very useful information here. 

After some rather optimistic conclusions follows a 
brief review of the Basm programming system. This 
part PUA Maye. bet: toe atte bo ee. for 
implicit references are made to it earlier in the book. 
The ideas would have been easier to digest if more 
ayy SERAS When these are given they 

incomplete or contain errors. The illustra- 
Hicn\ of a. Beem word on Pe: 141-143 contains three 
errors. Te epito ot Balog, by computes standards, & 
rather old aoċount and having the shortoomings 
described above, this is’.a%book to be studied by 
those interested in the mechanism of automatio 
programming. - R. J. ORD Swcrra 


CONFLUENT HYPERGEOMETRIC 
FUNCTIONS 


Confluent Hypergeometric Functions 
By Dr. L. J. Slater. Pp. ix+347. (Cambridge: 
At the University Prese, 1960.) 658. net. 


HIS is the first book in English to be devoted 


H. Buchholz, and, ‘ ioni Ipergeometriche Con- 
fluenti” by F. G. Tricomi, but this book is no mere 
i 

eneral plan of the work 15 reminiscent of 
G. E ataon’s well-known “Treatise on the Theory 
of Bessel Functions’’. The first part gives the main 
properties of the confluent hypergeometric functions 
and the Whittaker functions, and the second part 
consists of tables—the most complete so far pub- 
lished—which were computed by the author on the 
electronic calculator Edsao 1 im the University 
Mathematical Laboratory, Cambridge. 

The first three chapters are concerned with differ- 
ential equations and differential and integral proper- 
ties of the functions. Chapter 4 is devoted to asymp- 
totic expansions ; this is a long chapter as the theme 
“has been treated in great detail because it seams to 
cause moet difficulty to students of the subject”. 
To me this is a most impressive chapter, and I 
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that it will contain s2ough to neet the needs 


imagine 
of most mathemsticel physzisista. 


Chapter 5 is given ove: to related ‘differential 
eee ee To aine e a a 
gives the descriptive properties of hə; functions, 
such as the distribution of-tne zeros, axpansions for 
the zeros, and notes on th» tabulation of the zeros. 
There are also notes on ths numerical evaluation of 
Kummer’s function. . $ 

The assonal parrot the wack coniata of Abr 
ning to about 120 pages, g-<ing the smallest positive 
zeros of Kummer’s functia, “F(a; 5 ;)x), and the 
values of this function ove: those ranges most useful 
to the computer. Since csrfluent functions contain 
one parameter more than Bessel fanctions, it is 
natural that the properties of the. fcnctions should 
be oo y lees ir number, and it is also 
natural for the tables of zhe functions, ito be much 

This is an impressive, werk’ which containg many 
important contributions ky the puthor ‘herself, and 


ce oe et ae 
in English for many years. to come, and it will be 
indispensable to those mathematical phymcista who 
meet these functions in the course of their researches. 
W. N Barmy 


DENDRITIC SROWTH: OF 
CRYSTALS; 


| 

Dendritic Crystalllzatior 

By D. D. Saratovkin. Tegnalated from the Russan 

by Dr. J. E. S. Bradley. Ssoond edition, revised and 
Pp. iv+126. “New York:! Consultanta 

London: Shapman _ Hall, Ltd., 

1959.) 6 dollars; 50s. mst. 


E PAE ae E 

theoretical interest -=nd pract-cal importance. 
The process is the buildirac of a pericdiq three-dimen- 
sional pattern of atoms which in crystals, such as 
diamond or quarts, is sinzory a giant molecule the size 
of which is limited only b> that of the crystal. Intern- 
ally, a ‘ect crystal wecld have ar arrange- 
ment of atoms, and its extarnal form d be a con- 
vex polyhedron with plare faces. In fact, real crystals 
not only show departures Tom regular internal struc- 
ture but also often deve:>> shapes far removed from 
simple, compact, polyheziral ones. from 
regular internal structure ere known to have consider- 
able effects on the physecal and chamioal properties 
of crystals, and the exre-nal form developed by a 
growing crystal is also cf great importance. The 
repeated branching leacrg to fermlike growths, of 
which the snowflake is a ~wall-known axrample, can take 
place not only if a orysts is growirg from a solvent 
or vapour but also when » melt is coeled. A dendritic 
structure may first form: snd the spaces between the 
branches are then filled in-when the remainder of the 


described. 

founder of the modern theory of etal 

This section is folswed by a review of existing 
(Russian) theories of dendritic ccystallization, by 
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mucroscopical studies of the 
of substances, and by & 
formation of dendrites in 
io alloys. 
zonal aocount reminiscent, 
and level of scientific 
cate ORA, aad the enti 
himself in the 
who criticized the first 
e work is not to be regarded 
of recent Russian scientific 
the following excerpt (p. 20) 
tn; ib is also of mterest as 
indeed a literal translation. 
f this book appeared I was 
ing my time to deal with 
out of date and were 
As example I was only 


j (Footnote : ‘Line missing 
io micrographs very 


quality of the reproduc- 
fn (stapling and glueing 
boards) prevents the book 
je pertioularly inconvenient 
graphs aro bemg viewed. 
k ig very expensive and 
‘justify the translation of 
A. F. Was 
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to Ashoka 
{Ancient Peoples and 
1 (57 plates). (London : 
, 1959.) 25s. net. 
-class piece of work from 
er Wheeler and in “Early 
oka” he will not be dis- 
had a very wide archso- 
Britain but also in India, 
bral of archwology, and m 
chological adviser to the 
the specialist on Indian 
or a detailed account of 
bert of the sub-continent, 
ch hag been included and 
erges. Indie and Pakistan 


ole, and the first couple 
o. Many outside m- 





early times this seems to 





-Acheulean civilization 
at all in the north, 
ething quite distinct, the 
logy, while a relative 
obtained, naturally only 
-Neolithic cultures can 
be determined. Two 
touch on this, and the 
Neolithic cultures come 
ortimer uses the terms 
olithio for want of better 
necessarily any cultural 





| amed cultures in western 
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Europe. Pigmy industries in India do not necessarily 
denote cultures Mesolithic m time; as Sir Mortimer 
mentions later on, some of them occur wrth much 
more recent cultures. 

The Indus civilization has been described so often 
that one might wonder whether there is much more 
to be eaid. This fact presents no problem to Sir 
Mortimer ; his chapter ın this volume gives shortly 
all the really relevant facta and peints a splendid 
picture of this brilhant culture which grew up by the 
northern river. But the Indus civilation should 
not blind us to developmenta which took place 
about the same time and somewhat later both m 
the Ganges valley and in Central India. Much has 
still to be learnt, especially about the former, but 
work has been undertaken of recent years by a number 
of investigators. In this connexion it is somewhat 
surprising that there is no mention of the many 
painted rock-shelters ın the Central Provmoes, which 
have been known for a long time and studied by Col. 
Gordon. Ags they seam to be associated with a 
pigmy tool-makmg culture in the process of 1 
to use pottery they are of some interest. Incidentally, 
there are some interesting rock carvings in the Indus 
valley which might have been worthy of a mention, 
though ther date is, to say the least of rt, doubtful. 

The south Indian megalrths next come under 
review. Once again no connexion with our megalrthic 
structures need be stipulated, though certain struc- 
tural similarities, even the port-hole entrances, can 
be noted. But the date of the Indian examples is 
considered to be late—c. 300 B.o. A fimal chapter 
entitled “Ashoka” concludes the volume. This great 
emperor, who may have had Selucid blood in his 
veins, carries the story down to the period of Alexan- 
der the Great and so provides a fittmg ending to the 

of India. - 

Sir Mortimer Wheeler’s book gives the reader 
one of the best short accounta of prehistoric times 
in that sub-continent. Civilirations grew up early 
in those regions, and it is a humbling thought to 
recall the unsophisticated kind of life bemg led in 
wostern Europe at a time when the civilization of 
Mohenjo-daro was in full swing in the Indus valley. 

M. O. Burxrr 


XENOBIOCHEMISTRY 


Detoxication Mechanisms 
The Metabolism and Detoxication of Drugs, Toxic 
Substances and other Organio Compounds. By Prof. 
R. Tecwyn Williams. Second edition, revised and 
enlarged. Pp. x+796. (London: Chapman and 
Hall, Ltd., 1959.) 126s. net. 
HE second edition of the book by Prof. R. 
Tecwyn Williams on metabolism. of drugs and 
other organic compounds which are usually foreign to 
the body has been eagerly awaited, and it should be of 
great value to investigators in many fields. Since the 
first edition appeared in 1947 not only many new 
facta and details of metabolic changes have been dis- 
covered but also the general hypotheses of the 
have changed considerably. With the 
development of civilization, synthetic organic com- 
pounds are being widely used ss poison gases, rubber 
additives, pesticides, preservatives, food flavours, 
contraceptives, cosmetics, as well as drugs and 
detergents. In order to know whether theese are 
likely to present a toxic hazard to man and in some 
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cases to understand the mechanism of action, know- 
ledge of the metabolic proceases which the compounds 
undergo is of value. ` 

The author explains that the short title of ‘ ‘Detoxi- 
cation Mechanisms” has been retained, although some 
of the processes considered lead to the 
substances with increased rather 
toxicity. He suggests that the subject might be 
called ‘xenobiochemistry’ (xenos = ibaa A 

Since the first edition the techniques for 
. the study of metabolism have changed enormously. 
The use of such aids as that of labelled oom 
(particularly with carbon-14 or sulphur-35), of 
chromatography on columns or peper or as gas 
chromatography, of counter-current distribution, of 
electrophoresis, of orimetry, of increased 
use of ultra-violet and infra-red spectroscopy and of 
high-speed centrifugation have increased the resources 
and complicated the mvestigations of these metabolic 
processes. The use of modern methods has shown 
theee proceases to be much more varied and complex 
than waa thought twelve years ago. Most of the 
changes which foreign substances undergo in the 
mammalian body lead to morease in solubility in 
water and generally to the formation of ionixed 
compounds which can be excreted in the urine or 
bile. Po The development of the ability to convert 
foreign compounds into derivatives which could be 

excreted was eesential for animals to live on 


do not possess magn: ich change 
Yisoluble unionixed toxio compounds into ionized 
harmless derivatives. 

Prof. R. T. ‘Williamsa-is to be congratulated and 
thanked for his -servico in collecting, collating and 
presenting the great amount of material. Among 
many facts there appear to be few errors. [One on 
p- P r ee 

: 2-dihydro-1 : 2-dihydroxybenzene “is at 
unknown” is probably duo to the long dalay i publi 
cation.] The book is well ; but it is a pity 
that the publication shoul take two and a half years 
and that the cost is so high. I hope that a third, 
edition will be available ; but the labour which would’ 
be involved in its preparation is increasing rapidly. 

. E. BOYLAND 


CORAL STRUCTURES AND 
CLASSIFICATION 


Contribution à la Systématique des Madréporalres 
Fossiles 

Par James Alloiteau. Tome 1: Texte. Pp. 

Tome 2: Planches. 286 figures+20 planches. 

(Paris : Centre National de la Recherche Scientifique, 

1957.) 4,500 francs. 


HIS is a work of importance to all concerned 
with the structure and clagsrfloation of corals 
whether Recent or fossil. It has’ been known for 
several years that this thesis was awaiting publication, 
and some of its conclusions had already bean inoor- 
porated ın other works by Alloiteau and his studente, 
notably in his section on Coelenterata in ‘Traité de 
Paléontologie”, tome 1, edited by J. Piveteau 
(1952). But this does not detract from its importance. 
The author sets out to found a olaasifloation of tho 
hexacorals based on his investigations of the micro- 
structure and histology of the akelotal parte of many 
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genera and species. Some ~Gearch alcng' these lines 
had been carried out in the past by vor Koch, Pratz, 
Ogilvie and others, and tie clapaificetion used by 
Vaughan and Wells (194¢) and by Wells (1956) 
embodied the nature of the m-crostructcre: Alloiteau, 
however, gives far greater srxportance to it than did 
any of the previous workers, and arrives at olassi- 
floatory conclusions which in many cases are very 
different from those genereily accepted. Many well- 
known genera are eplit, ant a large muniber of new 
ones is introduced ; sometimes this is justified, but 
in other cages it ia doubtful. There are also new 
suborders and families, in etittion to athers Alloitteau 
had already introduced ar 1952, bat , many will 
probebly be rejected by olar systematista. 

The suthor tackles the cifficnlt problema of the 
PSR ahi OF soto ol ihe jose rele 20 Se. Taleo 
xoic Rugoss. Thus the Axcphiastraetiae of Ogilvie, 
which Alloiteau has raisec zo the position of a sub- 
order, are considered to tæ- derived from the Lons- 
daleiidae of the Carbonifeccna, and tae ancestors of 
the Turbinoliidae and Cacyophylliicae' are to be 
sought among at least for families of the rugose 
corals. -There is & long sectzon, too, on evolution 
of the various parte of tac skeleton o the Madre- 
poraria, and the author re:crds many-useful obeerva- 
a eee 
later corals. 

Alloiteaun is led to cmusual views concerning 
Heliopora (the blue ooral, P ois and the 
Heliolitidae. Not many vil agree with his denial of 
any relationship between -he first two, and with his 


thida, but its histological-exructure is nearer to that 
of the latter. The ee ore AGa gonsidered as 

Madreporaria and to have avolved from Silurian 
through the Jurassic Stybrida into Sylophora of the 
Tertiary. Ho places a nsw Upper Cretaceous genus 
Selidolithus in the same family as ths Silurian genus 


po of tho best serviose that Allcitesa renders in 
his re-description of the typ» species cf séveral genera, 


based either on the origincl material, or, where that 
is lost, on neotypes. He ries to follow the Inter- 
national Rules of Zoologiaal Ni but in the 


case of the type species of eliopora he does not arrive 
at the same conclusion ae other law-abiding systema- 
tists. Nor is his retentia of the ites 
which he resurrected in 1932 for Oyc-olites, a anda 
anoe with sound taxonorıt læ.. 

The work is not easy to assimilate and would have 
benefited from careful revision of tHe typescript. 
The figure illustrations a» beautifclly: drawn, as is 
usual in Alloitean’a pepers, but many,!of tho plate- 
figures are poor, and ars (Plate 16 9) lacks 

explanation. There are scveral misspellings, includ- 
dig thet of the genus Eciuaiaes ties i i 
on p. 215. Pn ee ae ee 
seventeen aig aor 


p- 277), VTAT -o on Plate 
4, figure 5), Tabulocaer c oap: 187) and Theco- 
seriopsis (mvalid in 1982. and now spparontiy only 

on Plate 9, figure 2). 
} 
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hard thinking on the value 
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H. Diemron THomas 
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ated Phenomena In Plants 


ihrow. (Proceedings of the 
diam, October 28—-Novem- 
the Committee on Photo- 

Academy of Sciences— 





il, and sup by the 
ion.) (Pubheation No. 55.) 
n D.C American 







Ltd., 1958.) 133s. 


of a conference 
the autumn of 1957. It 
the formal contributions 
short papers, presumably 
major items of mformal 
face optimistically calls 
form”. It wanders over 
straying into paths 
This breadth of cover 


tooaniral of seed germina- 
and of reproduction in 
phenomena in plants 
i mena in inverte- 






This, the main fanction 
be the only function) of 


‘pot pourr? is an even 
to say thst & compre- 
ork and ideas in photo- 
. It is in fact long 

+ met by this volume. 
review papers, providing 
tenents on the major 
plex of subjects. But 
ioularly m the plant 
reaearch- contributions, 
have been omitted, 
fact that in the inter- 
nference was held some 
in well-known journals. 





p of which promise well, 
he impreasion that they 
28 and their writers had 
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As with most American publications, the price 18 

i and therefore calla for comment. ‘The 

book should obviously find ite greatest use in the 
hands of young research workers in this field and of 
advanced undergraduates, who would undoubtedly 
obtain valuable insight and stimulation from the 
better review articles. But the price 1s well beyond 
their poakets ; even heads of university departmenta 
will no doubt have to balance carefully the virtues of 
this book against the more tangible advantages of 
the equally expensive encyclopmdias which are now 
appearmg and which cover this subject completely. 

L. J. AUDUS 


RELIGION AND SOCIAL 
STRUCTURE 


Oedipus and Job In West African Religion 
By Prof. Meyer Fortes. Pp. 81. (Cambridge: At 
the University Press, 1959.) 10s. 6d. net. 


‘HIS book is an expanded version of the Fraser 
Lecture for 1956. In it Prof. Fortes gives a very 
interesting igen of the religious ideas of the 
Tallensi, and er West African societies, m terms 
of the are and-Job stories, and tries to show 
that these i are reflexions of the social structure. 
The aspect of the Cidipus story used here is not 
that made familar by Freud: instead, it is the idea 
that some people are born with an evil destiny, and 
are never properly accepted by society; this is ng 
of their choosing and they can do nothing about it. 
The mterpretation of Job is that he was being tested 
and disciplined by a just God ; Job was saved not 
by good works, but by hus error in 
placing himself on a level with God. 

Prof. Fortes finds parallels to these stories in West 
African religion, and he gives a detailed account of 
the ideas of the Tallensi. A parallel to Gidrpus is 
found in their idea of good and evil predestiny : this 
makes sense for them of the fact that same people 
have persistent bad luck, fail to bear children, die of 
mysterious diseases, and so forth. It is believed that 
the ancestors are responsible, since each person is 
thought to be the ward of an ancestor. However, 
unhke the Œ@drpus story, it 1s possible to overcome 
an evil destmy by ritual offermgs and service to the 
ancestors, and who Fortes sees as equivalent to Job’s 
just God. One can be saved only by obedience and 
subservience to the ancestors. 

A further part of the thesis of this book is that 
“the Tallensi have an ancestor cult because the socal 
structure demands it” (p. 66). It is pointed out thag 
there are different possible religious interpretations 
of good and bad fortune—the Azande blame it on 
witchcraft operated by living people, for example. 
The ancestor cult is a symbole representation of the 
parents, resulting fram the close disciplme, autharity 
and affection of the parent—child relationship. 

Two general comments may be made about the 
book. In the first place, while the parallela drawn 
with European stories are interesting, and to same 
extent convincing, it is not made clear how the 
exposition. or explanation of African religion is 
assisted by making them. Secondly, for a rigorous 
demonstration of the thesis that these religious ideas 
are a product of the social structure, s cross-cultural 
study would be required showing that ancestor culte 
are regularly associated with's oertain quality of 
parent—child relations. MICHAEL ARGYLE 
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Demography 
By Peter R. Cox. Third edition. Pp. xiv + 848. 


(Cambridge: At the University Press, 1059. Pub- 
lished for the Institute of Actuaries and the Faculty 
of Actuaries.) 25s. net. 
the third edition of his text-book Mr. Oox has 
taken the opportunity of imcluding the ‘‘Adden- 
dum” to the previous edition in his text, and of fully 
adding in particular references 
1 as vcd outside Britain. Apart from these 
` other minor changes in arrangement, however, 
the coverage remains as in the previous two editions : 


principally in mind. Its main weakness as a general 
- text on demography is pas aia by the limitations 
of the actuarial , the fact that life 
tables are treated in a separate publication on 
mortality and other investigations. A book on 
demography, in which life-table techniques are only 
treated in is like Hamlet without the prince, 
ee Cox will be able to 
ee editorial committee, when he brings out 
further editions, to mclude maternal on life-table 
techniques, thus making his book much more useful 

for those outside the actuarial profession. 
E. GREBENIK - 


The Instrument Manual 
Third edition. Pp. viii+742. (London: United 
Grade Press, Ltd., 1960.) 105s. 

VERYONE who is directly concerned with instru- 

ment technology will need to have a copy of 
“The Instrument Manual” for immediate consulta- 
tion and reference, but it contains so much that is of 
interest and value to engineers and physicista in 
general, particularly those active in industrial, re- 
search or teaching laboratories, that every laboratory 
library ought to possees at least one copy. Its price 
is moderate .when compared with that of modern 
text-books and similar reference books. The format 
is good, the diagrams are bold and clear, and the 
tables and graphs are well set out for easy reading 


rather than economy of spece. Throughout, adequate 
reference is made to all relevant British Standard 
specifications. 


During the seven years since the publication of the 
second edition great strides have been made in 


British instrument development, particularly in the | 


fields of sutomation and nucleonics. LA mat 


edition, therefore, while the general scheme follows 
that of the second edition, the section on navigational 
instruments has been omitted and replaced by one 
on sualogue computers; discussion on digital oom- 
puters has been deliberately omitted; the original 
optical section has been microscopy 
given a section to iteelf and the analytical pattern of 
optical instruments included in the section ‘Analytical 
Instrumenta” which has parts devoted to polaro- 
graphy, gas analysis, and moisture content. 

The section on nucleonio instrumentation is divided 
into reactor-control instrumentation, health imstru- 
mentation, laboratory instrumentation, and industrial 
instrumentation. In all, there are twenty-eight 
sections, the last two being devoted to an alphabetical 
list of manufacturers, thei names, addresses and 
telephone numbers, and a list of United 
organizations interested in instrumentation. In each 
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section the basio concepte sre cerefuly 

and the relevant theory spplicable tc various 
types of instrumenta illustrated and dissuseed is is out- 
lined. The text ia naturallr limited to measurement 
and instrumentation, but in dealing vith physical 
properties like viscosity and the dis- 
cuasion is often more up to date and more clearly 
expressed than in many a modern physics text-book. 
Appanded to pach sookión: is = short bibliography ang 
a buyers’ gude. aia atte 


Genetics, Radloblology ard Radlology Proceedings 
Mid-Western Conference 

Edited by Dr. Wendell G. fonts and Dr. Trias Evans. 

Pp. xv+149. (Oxford: Blackwell Scientific Publica- 

tions; Springfield, Ill.: Gharles O. Thomas, 1959.) 

428. nat. 


HIS conference was ons of thros aes in 
various parts of the Untited States Ly the National 
Research Council—Nationél Academy of ‘Sciences to 
provide a forum in which radiologists and geneticista 
could discuss the problem: of the geretical hazards 
from radiation used for diagnostic precesses. 
The full proceedings o7 the two seagions of the 
conference are contained in this book. | 
The first session was devoted to the “Fundamentals 
of Radiation Genetics”. It contained papers of vary- 
ing standards, some of wh-ch were of an introductory 
naan, There were good papers by Rubell and by 
Mammals” and 


aie Goron come or co ee ee 
of reducing radiation geretic i i 
use of X-rays. The most important papers in 
this section are those on zanadal Spe inde 
from various diagnostic raGiologioal 

reduction of radiation in obstetrical radiology. The 
standards of the other papers are lower.' 

The book would have been greatly improved if the 
papers had been edited tc exress the mportant points 
and to cut out repetition. Most of ths contain 
no references. However, radiolog sts, and radio- 
graphers may find it use“ul to read this book, which 


brings genetics and racology within one 
cover. Loana J. Linty 


The Year Book of the Reyal Soclety əf London, 1960 

Pp. 302. (No. 64.) (Landon: ik ania 

1060.) 21s. 

A Ba Yearbook of ths Royal Sosioty of London, 
1960, contains a list of Fellows anc foreign members 

of the Society with their current appomtments and 


addresses, corrected to January 1. _ included is 
the membership of the Royal Soc committees 
and committees formed jomthy wih :other bodies. 
The Royal Society research appoi are listed, 

scientific reporte ef the w undertaken by 


Professors, Fellows and. Students are included. The 
regulations governing these appomtments are also 
given. To complete tke volame, she statutes, tho 
annual reports of Council, medal awards and lectures, 
funds and a pf the accocnts are included. 
The Yearbook maintains ite usual formand high stan- 
dard of presentation. “he delay m publication can, 
no doubt, he explained >y the strike ; but it 
may be that it-was pot a little longer 
go that it could include- the 196C elestion of new 
Fellows. However, as 3 the habitual practice, theae 
have since been provided in a supplement. 

1 e 
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tONFLICT BETWEEN EVOLUTIONARY THEORY 


AND CHRISTIAN BELIEF* 
By Dr. DAVID LACK, F.R.S. 


ly at the centenary of the 
tion between, Samuel Wil- 
rd, and T. H. Huxley, held 


ə British Association for the 


at Oxford in June 1860. 
people seem to think that 


and incompatible, reasons. 
uxloy’s statement, made a 
the initial debate, that ‘the 


neither Anti-Theistic nor 


more to do with Theism 
id has” ? 

the complex issues 
that, ıf we now see more 
ers, it is due to their 
and not to our own super- 
iot over evolution was a 
claiming that they fought 
, and theologians for the 
al values. 

difficulty was the contre- 
of evolution and the 


came to be accepted, the 
natural selection. On this 
te changes are constantly 
directions being random, 
because thero is a tremen- 
balance those hereditary 
surviving offspring are 
in the population, 

te characters are elimm- 


so random. a method was 
uced animal evolution, 
iow had been discredited 
ing the life of the parenta 
, they postulated 
oroe, Creative Evolution, 
evolution along pertiou- 
’ Such views were first 
ostics, such as Samuel 
Shaw; but in recent 
ians, Including Canon 

, by Teilhard de Chardin. 
admitting that natural 
differences, still claim 

E evolutionary novelties, 
ot produce the complex, 
us changes, fonotional ab 


Discourse dolirered at the Royal 






every stage, that are needed for such elaborate organs 
as a bird’s wing or the human eye. The postulated 
synchrony m such adaptations may not, however, 
be needed. For example, de Beer showed that the 
wing of the bird-reptile Archacsopteryz, though fully 
feathered, lacked muscles to flap it ; it was evidently 
used for gliding. Henoe part of the elaborate mechan- 
ism of bird-flight was fully evolved before another 
part was started, and such ‘mosaic evolution’ has 
probably been widespread. Agam, in different typea 
of animals alive to-day, one can find many inter- 

mediate conditions between a mere light-sensitive 
area in the skin and the elaborate focusing oye of a 
man or octopus, all of these stages bemg functional 
and well adapted for the animals possessing them. . 

It was also argued that elaborate adaptations oould 
never have been produced ‘by chance’; but this is a 
misconception, for selection is the reverse of chance. 
Moreover, the alternative to natural selection, & 
Life Force or Holistio Urge, solves nothing; it 18 
merely a name for what is not understood, and 
mtroduces an unverifiable peeudo-mystical enti#y 
mto the domain of science, where such concepts are 
inappropriate. Anyway, it implies that the hereditary 
changes, the mutations, are directive, whereas im 
fact they are random, and it is ther subsequent 
selection that determines the directions (not direction) 
of evolution. It is true that natural selection has so 
far bean proved only for small changes; but it 18 & 
reasonable mference that rt has operated to produce 
the big evolutionary changes of the past, very 
gradually, and functionally at every stage. 

A century ago, the one popular argument for the 
existence of God was Paley’s, that animal adaptations 
are so marvellous that they must have had a Designer. 
Darwin showed, instead, that they came about by 
natural means, not as already explained by chance, but 
by natural causes or laws. Theologians to-day reject 
Paley’s argument based on particular adaptations. 
There is, of course, a much stronger philosophical 
argument from design, that a universe governed by 
natural causes or laws must have been divinely 
instituted; but acceptance of the biological theory 
of evolution makes this argument neither weaker 
nor stronger than before. 

Darwin’s views were also feared as implying a 
strictly mechanistic or deterministic view of the 
origin of.lrving things, including man. But all that 
has been demonstrated is a particular historical 
sequence of animals, within which only some of the 
many possibilities have been realized. The relation- 
ship of such æ sequence to determinism, and the 
bearings of determinam on Christian belief, are 
extremely complex metaphysical questions on which, 
once agam, particular theories of biology can throw 
no special light. Hence Christians were wrong to 
attack Darwin’s theory on the grounds that it meant 
that evolution was ‘blima’, since so far as the biological 
evidence is concerned, they are as free to hold that the 
natural means of evolution are a divine creation as 
atheists are to deny this. 
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Natural selection was also rejected because it 
involves a huge annual death-rate, and to humanista 
like Bernard Shaw it seemed ineonovivable that such 
terrible means could have led’ to man, with his sense 
of beauty, goodness and truth. The same grounds 
have led various Christians to assert that the natural 
creation must have been distorted by a spirit of evil ; 
but this is another instance of argument from 
particular designs in Nature. A truer attitude for the 
Christian, , was that of Dr. Pusey: ‘What are 
Wt eo et See ey ne ore 
as unbefitting our Creator ? 

At the present time, nearly all evolutionary bio- 
logiste fully accept natural selection as the main means 
of animal evolution, but various other writers, both 
Christian and agnostic, have continued to advocate 
Creative Evohition. Prof. M. Polanyi, for example, 
conceiving the animal world as “a oantinuous 
ascending evolutionary achievement”, wrote that 
“the action of the ordering principle underlying such 
a persistent creative trend is necessarily overlooked 
or denied by the theory of natural selection, since it 
cannot be accounted for in terms of mutation plus 
natural selection”, and the similar views of Teilhard 
de Chardin, have been acclaimed as the book of the 
year, if not of the century. So one is led to ask why 
views so unacceptable to biological specialists should 
be go widely accepted by others. The reason may, I 
suggest, be different for Christians and agnostics : that 
Christians, still the metaphysical 
implications of natural selection, want to see evidence 
fer theistic design in Nature, while agnostics feel that 
Creative Evolution may provide the justification for 
oie values which natural selection is incapable of 

omg 

In answer to the Christian difficulty I may quote the 
Oxford theologian Dr. E. L. Mascall: ‘We need not 
ee ee ae eee ee 

in impersonal concepts; that is ita job. What is 
reprehensible is any attempt to treat the scientific 


in the evolutionary process. 
God is able to achieve his ends without that sort of 
design”. He added that, “for Christian theism, no 
events are fortuitous in the ultimate metaphysical 
senseo”. 


The agnostic’ objection, that natural selection 
cannot justify human values, requires longer treat- 
ment. Especially since the finding of fossil men and 
ape-men in Java, Peking and South Africa no one 
can seriously doubt that man’s body evolved by 
natural means. In addition, so-much mnate or 
metinctive behaviour has now been demonstrated 
in man, and so much learning and social behaviour in 
animals, that we may reasonably conclude that at 
least much of man’s behaviour is a product of natural 
evolution. But what of man’s i 


conduct, while theories of “evolutionary ethics” 
have also been advocated by modern biologists such 
as Waddington and Sir Julian Huxley, Waddington 
saying in effect that the direction of evolution is 
good. 

Two problems are involved, the origins and the 
value of morality. Many of man’s social attitudes, 
including his desire to his fellows, are so deep- 
peated, and find such obvious in other 
social mammals, such as apes or dogs, that parily 
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innate tendencies would seem to be involved, which 
have presumably been subject to a natural means of 
selection. This mighb be rough selaction of the 
tribe, pack or other social unit ; for social' behaviour 
must, on balance, increase the chances of survival 
of the group ead hence af the ind:viduals com- 
posing it. Further, them is some reason for 
suggesting that at least perc of what we now call 
evil behaviour was behaviour which contributed to 
individual survival in the past bub whith came to be 
selected against after men ctarted to Lve.m groups. 
However, all that has been said so far vefers to social 
behaviour, nob to moral conduct, and between them 
there is a great difference. The worker ant is social, 
but not moral, while the dog is social aad'we hesitate 
about a moral faculty, but probably deside against it. 
Moral, conduct is involved only when’ a genuine 
choice between actions is pœnible. We-hold that man 
has free-will, through imroepection aud through 
what others tell us, while on the legal plane we accept 
as valid the distinction betveen.s person, being respon- 


fo Gaata, out dha iam uan 

point is ae all biologice. interpreta=zions leave out 
the poasibility of the animal possessirg will.) 

Free-will in tun. on, self-a whioh 


likewise we have no scientiils means of demonstrati 
in other animals. Wo sornetimes speak of a pet dog 
being pleased, or guilty, inp ig selfawarences, but 


pass 
necessarily to deny that other animals have self- 
awareness, but merely to sexy that we have no means 
of telling ; and unless animals have frse-will and gelf- 


any direct evidence for this, and it alldwa others to 
claim that, so far as foewill, sek-av and 
moral conduct are cancermned, there is an absolute 
difference between man end all other animals. (The 
growth from unconscious Dehaviour 60 self-awareness 
im the human young do=e not necesadrily afford a 
perallel with the evolut-anary development of the 
species, since the baby’s self-awareness must wait on 
the physical maturation a£ the brair) : 
It is even harder to find Æ natural basis for the value 
than the origin of mom! conduct- 
was put long agc by T. H. Y, 
hold that if has never been answered. “Cosmio 
evolution”, he wrote, “nay teach ts how the good 
and evil tendencies of man may heve!oome about ; 
but, in itaelf, it is inoomoestent to fornieh any better 
reason why what we call gaod is preferable to what we 
call evil than we had bəfore.” Thus 'even if good 
behaviour is simply that which has contributed to the 
survival of the group, <tis provides no compelling 
reason why we ought t be good now, nor does it 
sufficiently explain why, when a men knows what is 
right, he so often choosee what he krows to be wrong. 
IT think it fair to say that all the a so far made 
to explain moral values cr evoluti have 
broken down, and many claim thet such attempta 
i 
e. 
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from ape to man so ly stressed by T. H. 
Huxley is broken, th on a spiritual rather than a 
natural plane. The agnostic, rejecting such views as 
myth, seams equally free to hold that man evolved 
gradually in every respect from other animals and 
wholly by natural means, acknowledging that not 
enough is yet known to determine the ongin and 
value of these specially human faculties; though 
others might argue that this view provides too weak a 
basis for good conduct. There are also Christians 
who postulate a wholly gradual evolution of man 
from animala, some of them osing that animals 
have an interior life, if not a soul, and others acknow- 
ledgmg ignorance as to the means involved. There are 
also atheista who consider moral values mexplicable 
in terms of natural evolution, leaving their basis 
unresolved. Each of these views volves ynbridged, 
and perhaps unbridgeable, gaps in knowledge, but 
it seems much better to admit these freely than to 
seek to bring all into a deceptive unity by the applica- 
tion of a theory outside ita proper sphere: such ag 
Creative Evolution, which brings a pseudo-mystical 
concept mto natural evolution, or Evolutionary 
Ethics, which interpret values in terms of natural 
survival. Enough has been said, I hope, to justify 
my statement that the oonflict between Darwinism 
and religious belhef has not been settled. Yet we 
can scarcely afford to leave the settlement entirely 
to posterity, smoe we need a basis for our lives and 
actions now. 
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L SOCIETY AND THE PROGRESS OF SCIENCE 
ABROAD 


By Pror. R. J. FORBES 
Unlversity of Amsterdam 


had but a short life or found their work interrupted 
for a considerable number of years by circumstances 
beyond their control. The Royal Society was the 
first aasociation of scientists to study the “New 
Philosophy’ for an uninterrupted period of three 
hundred years. Only one year after its foundation 
during the reign of Charles IT (who agen its Royal 
Charter in 1682) a similar body, Académie dea 
Sciences, was founded in France. However, in 
contrast to the relations of the English Crown to tho 
Royal Society, the French King and his ministers 
exerted considerable mfluance on the Diy ‘demesne of 
research and studies of the Académie Scienoes. 
The motto of the Royal Society, “Nullius in Verba”, 

demonstrates clearly how it tried to realize the ideals 
of Francis Bacon and his "House of Salomon”, and 


`e 


t 
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ite message of truly independent ‘soientific research 
was understood by many”’on the Continent and 
abroad. Similar bodies were founded with State aid 
during the eighteenth century in Bruseels (1772), 
Copenhagen (1742), Berlin (1700), Göttingen (1751), 
Munich (1795), Turin (1788), Venice (1771), St. 
Petersburg (Leningrad) (1724), Madrid (1718), yeas 
(1700), Boeton (1780) and Stockholm (1786), but 
none of them achieved that independence of Govern- 
neil control which characterizes the work of the 

Royal Society of London. The subtle infiuence of 
the Royal Society is none the lesa evident in the 
charters of most of these bodies. 

However, the Royal Society’s activities have had 
much more tangible influences on foreign research. 
Like most seventeenth-century learned bodies, the 
Royal Society started & collection of foreign animals, 


te, 
the “collection of rarities”, 
berd for the sum of £100 in 
1666. Sprat, in his “History of the Royal Society’, 
_ mentions how at a very early date it started to “collect 
and send abroad inquiries’ about the East Indies, 
China, St. Helena, Teneriffe, “Ginny, Barbary and 
ortugal, Turkey, France, 
ungary, Transylvania, Poland, 
Sweden, Toeland and Greenland. As an example of 
such contacts abroad, from whom data on the local 
flora, fauna and logy were collected, he prints the 
full text of an ‘ ’ sent by Sir Robert Murray 
to Sir Philiberto Vernatti, ‘resident in Batavia in 
@ava Minor”. 

More lasting contacta were undoubtedly established 
by the Royal Society’s decision to make possible the 
printing of ita Fellows’ papers and other memoirs of 
scientific investigations. On March 6, 1665, Henry 
Oldenburg, secretary of the Royal Society and one 
of the most prolific correspondenta of the century, 
areeni tho first number of the “Philosophical 

giving some Account of the present 

Uniarakings Studies and Labours of the Ingenious 
in many considerable Parts of the World”. The very 
sub-title of this first acientiflc periodical shows that 
it would not be confined to the publication of memoirs 
submitted by Fellows of the Royal Society. Tta columns 


general. Up to that date, the students of the ‘New 
Philosophy’ had been able to communicate their 
resulta and their theories to a local circle of friends 
only. Some managed to have them printed in 
pamphlet or book form, bub it was impos- 
sible to submit them for discussion to an international 
forum of critical fellow-scientista. Hence such data 
and theories took s very long time to spread. Olden- 
burg’s effort solved the most important problem of 
communication of the day. A memoir published in 
the Philosophical could now produce 
reactions within a matter of months, where earlier 
workers had had to wait a generation before their 
resulta were absorbed and seriously discussed by 
foreign fellow-scientista. 

ree Ce e 

cal Transactions can be found in the 


of Delft and one of the pionears in the world hidden 
eave E abu Ee T en Rc 
enson. croscopes’ (in reality single lenses 
mounted between two small silver plates) he magnified 
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à 


the objecta studied 200-21) times. As he did not 


in 
with the ig of his fellow-townsmac, the physician 
Reinier de Graaf, who wes already corresponding 
with the Royal Society, and other friends. For 
nearly fifty years, most of the 280 letters written by 
him as well as a number of te 550 microscopes which 
he made, with objects mounted for okservation, went 
to the Royal Society. Ths secretary published some 
124 letters by van Leeuwenhoek Curing the fifty 
years of contact which tie Royal Society had with 
him, ‘as well as the observations by Robert Hooke, 

results 


a com: microscope, consisting >f a very small 
plano-convex object giam and a large lano-convex 
ehis objects only about 40 


eye-piece, which 
times. This difference m their ‘penetration’ of the 


microcosmos led to vio-ent accusations of misre- 
presentations on both sides; but fron the discussions 
and the part taken by othar scientiacs very valuable 
pee ensued for microplogy anc other fields of 


Tho. publication of his latters in apna 
Transactions 


ensued. 
all tho famous man in the Unitod Provi 
the Elector Palatine, the Hease-Casael, 
the chief librarian of Ooarno ‘Pale of Tusoany, 
Leibniz and von Tschirnicus. Ever princes came to 
gee him at his Delft home 

This is but a typical example of the benefite which 
many & Continental scientist derivec from having his 


period, when funds wers not always adequate, the 
Royal Society could not cstways publish these works 
itself and merely sanct-med their publication. In 
this way Newton’s famas “Principia” received the 
Society's ‘imprimatur’ from the then president, 
Samuel Pepys, to be prin-cd at the expense of Edmond 
, the astronomer However. this sponsoring 
of larger publications wae not restr.ctéed to the work 
of English subjects only. As early as 1669 ne Sooiety 
lished & book on tie silkworm by the ous 


correspon. 
years later, in 1675, artiher Book by Malo 
plant anatomy, was publ-shed by tae Royal Society, 
which also helped to prons his work pdsth 
1697. Among these ely publicati 
two volumes on the “Nsw Digester 
Bones” (1681 and 1687", invented by the French 
physician, Denis Papin, cho during cettain periods of 
his life was the assistant of Huygens and of Boyle. 
Sep el ese aca a 
odern 


T ET 


entio acticities were ab their lowest 
ebb, both the Phtloscpiical Transactions and the 
series of publications maintained che high standard 
which still characterizes chem to this very day. 


1689, but in the earlicet-registers of Fellows we find 

the names of the Dutch paysician, Christiaan Huygens 

(1668), the Frenchmear Samuel Sorbiers (1663), 
l s 


i 

















numerous | 
then widel 
were due to ‘ha 
crowding a 


than to 


hele 








mathematician. 
rr von Leibniz (1678) and 
o but a few of the acientists 
Le centuries. In 1671 the 


mal contacts 
“The Sciences 
in de Beer has shown how 


Indian Statistical 


was born in 1860. He 





ysiological 
1890-1916, for most 
or reader, his. main 
century was from 
ereo; and among the 
decade were the chair 
tthe presidency of the 
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hy only includes a 
which m my opinion 
to-day. 
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‘British-oocupied territories called upon the Royal 
Society in vain. 

In Bankes days, joint ventures with foreign 
seientific bodies were already common features in the 
Royal Society's programme, quite apart from ite 
own naturalist and astronomical ions. Thus 
in 1785, King George III a a grant needed 
for a triangulation from Greenwich, which connected 
across the Channel with similar French triangulations 
from the Obgervatoire Royal. This was but one of 
the many co-operative ventures which culminated 
recently in the antarctic expedition in oonnaxion 
with the International Geophysical Year, when the 
Royal Society established a station at Halley Bay - 
for various scientific observations. Just after the 
First World War, the Royal Society took the initiative 
in re-establishing mternational co-operation, which 
resulted in the setting-up of the International 
Research Council, reconstituted in 1931 ag the 
International Council of Scientific Unions. Through 
this International Council and through the United 
Nations Educational, Scientific and Cultural Organiza- 
tion, the Royal Society is now very active in promot- 
ing international research and not least in disgeminat- 
ing scientific knowledge, as it has done for centuries. 
The latter effort culminated in the Scientific Informa- 
tion Conference of 1948, held to establish the proper 
means of disseminating scientific information in 
gana Through its numerous committees the 

ciety now oo-operates with a variety of inter- 
national commissions and in various international 
scientific projecta, true to ita motto, that research® 
knows no master but is for the benefit of mankind 
as & whole. 


ITIFIC WORK OF J. S. HALDANE (1860-1936) 


By Pror, J. B. S. HALDANE, F.R.S. 
institute, Calcutta 


His next important publication", with J. L. Smith, 
-refers to work done at Oxford. A subject was shut 
up in an airtight chamber, with or without a tray of 
soda-lime to absorb carbon dioxide; or mixtures 
were breathed from bags. The highest and lowest 
concentrations breathed were 18-6 per oent carbon 
dioxide and 6-7 


poisonous, when injected into rabbits, than any other 
distilled water, whereas the contrary had been 


down. lect 
In 1884, he began going mines to 00 air 
samples, and ion tani the composition of ‘blaok- 
damp’ in which oxygen is deficient, and carbon 
dioxide in excess. But his main interest was in 
carbon monoxide, on the effects of which he published 
a paper’ in 1895. He found that 0-06 per cent carbon 
monoxide produced symptoms in mice when added 
to the air breathed, while 0-2 cent was fatal. 
When added to pure oxygen sbout ten times as 
much carbon monoxide is needed. He then himself 
breathed mixtures ocontainmg carbon monoxide. 
He reached 49 per cent saturation of his hæmoglobin, 
at which point “stopped experiment. Vision dim. 


+ 
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Limbs weak. Had some difficulty in getting up or 
walking without assistance, movements being very 
uncertain”. When s mouse breathed the same 
mrxture as & man the final resulta were not very 
different, but symptoms appeared in about one- 
twentieth of the time. He at once applied this fact to 
the detection of carbon monoxide m mines while 
collecting gas samples from heated coal. He later 
found that small birds, with their higher gas exchange 
per gram per minute, reacted still quicker. In the 
next year he went down three collieries which had 
recently exploded, took samples of blood from dead 
men and horse, and concluded that they had died of 
carbon monoxide poisoning. In the course of this 
work he developed analytical methods which were 
later improved. 

In 1896, Haldane and Lorrain Smith found that 
when a man is in equilibrium with a small percentage 
of carbon monoxide, his blood contains leas of this 
substance than when it is equihbrated with a gas 
mixture believed to approximate to his alveolar air. 
Later work with Douglas confirmed this conolusion. 
His explanation that this is due to oxygen secretion 
by the lungs has been criticized, but the 
facta must be explained. They also found that light 
decomposes carboxyhsmoglobin. He made a number 
of experiments on hæmoglobin, derivatives, giving 
spectra of several new ones, and making the important 
discovery‘ that when ferricyanide is added to oxy- 
hæmoglobin the oxygen is given off quantitatively. 

e bis was the basis of his subsequent work on oxygen 
transport. He also’ described the gas-analysis 
apperatus which bears his name. 
Durmg the last two years of the nineteenth century 
he was largely occupied with other matters. He took 
the teaching of physiological chemistry seriously, 
and was, for example, the first to use Kjehldahl’s 
method of nitrogen, estimation in Britain. Among his 
publications in applied physiology at this time are 
reports on three oolliery explosions, in which he 
recommended the use of rescue apparatus, after 
Personal experience with one of his own design, on 
powoning by lighting gas, and on the air of the 
London Metropolitan railway, the electrification of 
which he recommended, 
The period 1900-14 was the most productive of his 
life. In 1900, with Smitht, he administered about 
120 ml. of carbon monoxide in closed-cireuit breathing 
apperatus to 12 men. About 20 per cent of ther 
hsmoglobm combined with this gas, and he thus 
determined their blood volumes. In the next year’ 
he established standards of hamoglobm for men, 
women and children, using his well-known pocket 
hemoglobinometer; and in 1903, with Barcroft, 
described a blood gas manometer the subsequent 
modifloations of which by Barcroft, Brodie and War- 
burg have been very widely used for many purposes. 

In 1901 he found that an outbreak of anwmia in 
Cornish tm mimes asoribed to ‘bad air’ was due to 
ankylostomiasis, and later, with A. E. Boyoott*, 
described rte course and eradication. During this 
investigation he became interested in the much more 
serious disease, miners’ phthisis, and with R. A. 
Thomas’ proved that it was due to rock dust. It had 
been attributed to nitrogen peroxide, ladder climbing, 
and even lack of sunlight. The fact that it is now 
called pneumoconiosis is sufficient proof that his 
views have been accepted. He continued work on it 
for the rest of his life. 

In 1005, with J. G. Priestley!*, he published what 
I think he regarded as his moat important single paper, 
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showing that under’ normal conditions human 
breathmg is so regulated 6 to keep the percentage of 
carbon dioxide in the alvecinr ar almost constant at 
atmospheric pressure. It was characteristic of 
Haldane that, before gomg into compressed air, he 
verified that the partial pressure ramained steady 
when the density of the ar changed, sy descendmg a 
tin mme and ascending Een Nevis. With Fitzgerald 
he established norms for man, womer, boys and girls. 
His work in mines and te-tile factocies prompted & 
series of experiments in which he showed that the 
main factors in determinx-g human reaction to heat 
are wet-bulb temperatura, air-flow, and clothing. 
This work has since been xreatly extended by others. 

He next investigated iming witk A. E. Boycott 
and G. C. C. Damant, R.\.". His first discovery was 
that the pumps used by the Navy to send down air 
to divers leaked atrociouzy even at four atmospheres. 
It was believed to be dargerous to ascend or descend 
at more than 1-5 m.frin. The present record is 
about 60. There is no Canger in repid descent pro- 
vided the air supply is ~dequate ard the diver can 
hold his Eustachian tch=3 open. But Bert had 
shown that too quick an ascent can bad to the lLbera- 
tion of bubbles of nitroxen which may cause death 
from embolism, paralysi., pain and other symptoms. 

iments on gosts showed that however long they 
had been kept at a given: it was safe to halve 
it. Simple calculations I-csed on th’s fact and on the 
hypothesis that variou: tissues ex nitrogen. 
ith the blood by simpl» diffumon at different rates, 
while the arterial blooc is in rum with the 
alveolar air, allowed the preparatcon of tables for 
decompression, by stagus:; and thee were tested, 
first on goets and then >n men. Da the ent 
fifty-two years these tazies have ceeded very little 
alteration, though they have been extended to 
greater depths and longer times. 

At this time he was also serving on Royal Oom- 
missions on the ventilata of factories, and on mines. 
Among the measures wairh he reocmmended, in the 
face of much opposition, were the provision of pit- 
head baths, and means for reversing the ventilation 
in coal mines. Both rave smoe been made com- 
pulsory. A moment’s comgideratbn of the results 
of a fire near the down-cast shaft, when the air stream 
can be reversed and whsn it cannot, should make the 
value of reversal clear. 

Meanwhile, in a serie of pa mainly with C. G. 
Douglas, he worked ou. ube details of the regulation 
of breathmg. Their rsulta are summarized in 
“‘Respiration’’!*, thougl a student >f physiology may 
well read the original pacers to see Low the conclusions 
were reached. In 1911, ith Dougias and two Ameri- 
can coll YanJlell Henderson and E. C. 
Schneider, he spent S&= weeks st the summit of 
Pike’s Peak (14,019 £.) in the Rocky Mountains. 
They studied acclimatization, which included changea 
in the blood volume, -ncreased hemoglobin produc- 
tion, and a lowering oftis plasma bicarbonate which 

increased brasthing. Their further con- 
clusion, that the lungs secrete oxyzen into the blood, 
has been denied by Farcroft and others ; but it is 
not sure that the last vari has yet been said about it. 
In 1912, he publishec a paper! with Douglas and 
myself on the equilibria between hæmoglobin, 
oxygen, and carbon -monomde, and the effects of 
carbon dioxide on then. In 10914, with Christiansen 
and Douglas!* he confi-med, and above all quantified, 
Bohr’s observation tlet the oxygenation of blood 
drives carbon dioxide out of it. 


Thus the assum 
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“the belief that pag iasss 
that the 
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be prodiioed without any measurable cause. In 
i acidosis is not completely compensated, 
a this moieties B eai DANa b7 the axes 
roughness of the method of measurement in compari- 
son with the fineness of the physiological reeotion”. 
A corollary of his rejection of vitalism wes his dis- 
belief in personal immortality, which he combmed 
with a lively belief in God ; his theological views 
were definite enough to prevent him from joming 
any religious organiration. 
Many contemporary physiclogiste thought in terms 
of mechaniam, and did not see why he was not 
content with the notion that the mechaniams oon- 


expensive and 
was as follows. Shae ee acs e 
should never have dreamt of looking for such things 
as constant dissociation curves or carbon dioxide 
pressures or hydrogen -ion pressures or chlorine 
in such liquids as blood; and if I had 
chanced to find one it would only have appeared as a 
very unintelligible fact”. Even if (as I do not 
belisve) his point of view is fundamentally false, it 
has great heuristio value. 

To take a concrete example, Gemmill and Reeves, 
in 1988, WOENE Beg tic’ grease tare pate 
respiratory valves, showed that the receptors for” 
oxygen want are in the carotid sinus, but those for 
carbon dioxide excess are elsewhere, pta in the 
medulla. But Haldane, Meakins and Priestley™ 
had found in 1919 that oxygen want mainly increases 
the frequency of human breathing, while oarbon 
dioxide excees mainly increases ita depth. Hence 
these two stimuli cannot act in summation on the 
same receptors, a fact ignored by many workers in 
the interval between the two papers cited. Even if 
the aim of physiology is regarded as a mere catalogu 
ing of the a Petites copra a oe 
organism as a whole will tell physiologists what to 
look for. 

Haldsne’s research was based on his beliefs in the 
unity of organisms as self-sustaining systems, and m 
the value of acourate measurements. Lf an organism 
is seriously damaged it may no longer be capable of 
self-regulation, and large and easily measurable 
changes may occur in it. But very great accuracy is 
often needed to measure the small changes which 
occur in healthy organisms, and which give the clue 
to their self-regulation. That is why he preferred 
to experiment on, himself with an acourate apparatus 
rather than on rabbits with an inaccurate one. 

At present biochemiste are largely concerned with 


- research whioh, on a molecular scale, is the equivalent 


of human and comparative anatomy on a larger scale. 
This work has been of immense practical value when, 
as with antibiotics and weed-killers, the desired end 
could be obtained by species A while sparing 
species B. It has been much lees value when, 
as in the therapy of cancer and psychosis, we desire 
to restore normal self-regulation within an organism. 
I can perhaps best illustrate the value of my 
father’s approach by citing the work of the two living 
biologists whose seems to me closest to his, 
though I doubt if they were directly influenced by 
him. Karl von Frisch discovered the system by which 
bees communicate the direction and distance of a 
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food source. He observed them under almost normal 
conditions, and investigated quantitatively the corre- 
spondence between the dance of a bee, the voyage 
‘hich it bad made, and those made by other bees 
which responded to the dance. He discovered that 
bees respond to the polarization of light. But this 
was first mferred from their bebaviour under natural 
conditions. It was not discovered by measuring the 
response of isolated organs to physically well-defined 
stimuli. Jaoquæ Monod and his colleagues studied 
the synthesis of B-galactosidase by bacteria under a 
variety of external and internal conditions. The 
resulta give no direct information as to the process 
of protein synthesis, such as are given by studies of 
enzymes which phosphorylate amino-acids. But 
they tell us enough about ita regulation to offer at 
least a possible partial explanation of why different 
cells in the same o ism make different proteins. 
The by-producta of this work, such as and 
Cowie’s production of bacteria in all the proteins 
of which selenomethionme completely replaces meth- 
ionine, are as important as they are unexpected. 
Haldane’s epproass to biology is not the only 
fruitful one. at I think that im moet fields of 
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tolir it is not being appied as fully as ıt should 
be if research is to be as efflomnt as possible. However 
that may be, a study of his work and thcught can still, 
I believe, be of great value =r. suggesting topics, and 
above all, methods, a RSA to biobgists to-day. 
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NEW LABORATORY OF THE DEPARTMENT OF METALLURGY, 


, UNIVERSITY 


Peet cae Bae hie officially opened the 

of the Universrty Department 

of An irean neip ord on May 31. The buildmg 
(Fig. 1) is the first section of the new science area of 
the Keble Road triangle, and it was deaigned by Mr. 
George Buruk, of Moers. Murray, Ward and Partners. 
In a speech welcoming the visitors, Prof. W. Hume- 
Rothery, head of the Department, outlmned the 
history of metallurgy in Oxford and expreased the 





Fig. 1. Department of Metallurgy, guven 


of Oxford. By courtesy of The Arokilect 
News 


OF OXFORD 


Department’s appreciation of the support received 
from many sources, and from Mr. Wolfson, whose 
endowment of the chair of metallurgy had supplied 
the crownmg touch to ths establishment of the 
subject. 

Mr. Wolfson spoke of the xmwreasing Cependence of 
many branches of modern sence, and of i 
on, research in 3 “he small Oxford school, 
m spite of the scale on whic it has bean compelled 
to work, bsa played a promment 
pert in the scientific study and 
understancirg of the subject. In 
the new building ths work will 
continue, sud the mtroduction of 
the teaching course will help to 
provide mcre of the tramed metal- 
eee which Britam so urgently 


ieee Vice-Chancellor of the Uni- 
versity of Oxford, Mr. T. 8. R. 
Boase, paic a tribute z0 Mr. Wolf- 
son his Trustees, who are one 
of those formations that play such 
an immense part in the expansion 
of university life tc-day. He 
degeribed the building as the first 
unit of viat will undoubtedly 
become the great cemre of twen- 
tieth-century architecsure in the 
Oxford of tae future. 

After the «pening ceremony, the 
laboratorice were open z0 inspection 
by the vistccs, and the apparatus 
and resultas of some of the research 
E i a 

new 2 ing hae four floors : 
in the sca Bas is the mam 
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Perkin on the ground floor 


tory. 
ove was made to two rooms 
Department, and it waa ero 
one or two research 


y years helping to establish 
During 





registrar, 
Preased Steel Company enabled 


July 9, 1960 VoL 187 


memory of its late renee director. The late 
Major A. Pam, of the Pressed Steel Co., was respons- 
tble for raising an industrial fund ; this has oon- 
tributed much towards the running of the Depart- 
ment, which became independent in 1956. Meanwhile, 
the University Granta Committee provided a grant 
for the building of the new Laboratory on, the Keble 
Road triangle, and the establishment of the subject 
was completed by Mr. Isaac Wolfson’s endowment of 
the chair of metallurgy in 1957, when Humo-Rothery, 
who had controlled the subject since 1926, was 
elected first Isaac Wolfson professor of metallurgy. 

The present steff consists of the Isaac Wolfson 
P O a T ee J. W. 


was established in, 1958, while metallograph: 
Oe neko E A Gaia ee ae 
whose main subject is in another branch of science. 
The introduction of metallurgical research mto 
Oxford under Hume-Rothery comcided with an 
pacman period im the hintory of the soisnos:of metals 
and alloys. In spite of limited accom 
modani. oud: mubara.. the Od. Sales). made 
substantial additions to the theory of alloys. The 
early work was concerned mainly with alloys of 
copper, of silver, and of magnesium, but many con- 
clusions applied to alloys of other metals. This work 
was later extended to alloys of aluminium, of iron, 
and of the high-melting transition alloys such ĝa 
those of molybdenum which are becoming of in- 
importance. Under the present George 
-reader, the Oxford work i 


hace Weer cade oie ee ee ae 
stacking faulte, and of the factors controlling the flow 
strew of metals and alloys. Dr. Martin has intro- 
duced the new techniques of electron microscopy, 
and has used these to study dispersion hardening of 
alloys, and is also investigating the high-temperature 
mechanical properties of alloys, and the fracture 
characteristics of uranium. Dr. Altmann, as a mathe- 
matical phymcist, is investigating the theory of the 
band ; 


On the teaching side, the University now provides 
a four-year honours course in 
The metallurgical work, in which emphasis is placed 
les rather than technological 
with the full Oxford course in 


Pee raa ees Gees Ce ake 
after three years, and constitute Part I of the final 
examination. The fourth year is spent on research 
in some topic related to science, and 
the student submits a thesis and has an oral exam- 
ination. The honours classé is awarded on the com- 
bined results of Parts I and Il. 
In thirty-five years, metallurgy at Oxford has thus 
from one bench in an organic chemistry 
laboratory to æ laboratory of ita own, which is 
equipped and staffed to deal both with purely 
theoretical investigations and with experimental 
work at temperatures ranging from 8,000° O. to that 
of liquid air, and this lower limit will soon be extended 


_ to within a few degrees of the absolute zero of 


temperature. 
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UNIVERSITY EDUCATION IN NEW ZEALAND 


Tamate eA | 
Zealand Universities* follows in many respects 
on the 


that of ita predecessor, the Murray Report Doon) 


Australian Universities. (Beo Nature, 181, 300 ; 


condrtion bas been “engendered by the alarming rate 
at which staff has been leaving, the inability to 
recruit new staff of adequate calibre because of low 
salary rates, the inadequacy of buildings and equip- 
ment, and the poor teaching conditions thas, in large 
Measure, stem once high POA of part-time 
studente.” 


The Committee stresses that to fulfil their part 
“the Universities sus piny Omen greeter role in 
the New Zealand community, and must be much 
better financially than they have been in 
the pest”. One major diffloulty has been that the 
New Zealand Univerarties have not been “widely 


stad? should then be able “to think about the future 
Si they Posie ten fo A DE ee 
rolate the contributions of other cultures to those of 
their own, to investigate the nature of the physical 
world and to keep abreast of the investigations of 
others”. 


The report directs attention to the serious shortage 
of university graduates in New Zealand to meet the 
demands of a number of professions, of many sections 
ion 


ering padi wil bo rear for many Yur to 

offigures given in the report shows 
Fate Gs 108d ees A Bs abot Abo en 
graduating with bachelor’s degrees, and that 2,440 
will be wanted in posb-primary teaching, agriculture, 
the Civil Service and universities alone, so that “all 


employers to give more attention than they have in 
the past to assessing the probable future demands 
for people with university education and then 


plans to meet them. 
Os sak he ie acetate Ga ba 
studenta. 


place in the staff of the universities. 
One recommendation, which will certainly be hotly 
debated, is that more of the better students from 


of the Committee on New Zealand Universities. (Govern 


bd 
mnt ter, Wellington, 1960.) 4s. dd. 


selected. schools should be allowed to sommenoe their 


this system in the Science Faculty, and the Sciance 
Faculties of Victoria and Otago have just introduced 
it. Much could also be dane by raising the standards 


more could be done to reduce the rate of failure by 
providing extra sasistance to students in coping with 
the transition from school to university. 

The report refers to the fact that at present about 
82 per cent of those passing univeraty entrance 
examinations do not offer mathematics or a language, 
and that only 9 per cent offer boh. Despite the 


pasing 
examinations do not offer the subject. This indicates 
that some changes, at least, are reqiired in entrance 


The Committee is adamant the: the proportion 
(46 per cent) of part-time studente (mostly in arte, 
law and commerce) is far too higk, and that ther 
rate of first-year failure of 60 per cent is also too. 
high. It believes that the value cf full-time study 
has not yet been sufficiently appreciated by studente, 
parents, employers and the Govermment. It rightly 
recommends the transitaon to full-time study for as 
many students as possible, thouga this will auto- 
matically involve extra expenditure on bursaries and 
halls of residence. 

The recommendations-of the Committee on scholar- 
ships and bursaries are far- irg. Many of the 
awards are st present too low and must be increased. 
Some of the awards, such as the bonded bursaries 
for teachers, are out of all proporticn to other awards 
and the demands of the situation. Students who 
eooept such bursaries commonly make a decision on 
their future vocation far too early :n their university 
careers, and the recommendation to abolish the 


important 
mendations will enable more studanta to proceed to 
the degrees of master and doctor. For too long now 
studente have been leaving New Zealand to study 


is no reason why New Zealand postgrad training 
in all departments should not be the equal of any 


oe ek Gor oP adds re The Com- 
mittee says that scademic salaries must in future 
bear a relationship to -those paid in Atstralia, since 
New Zealand has Be pene noe a 
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EEE E E “placas distant froin tho uhiveraitiee, and thero is no 
) aasociate profesors doubt that more co-ordination would benefit both 
(£1,750-£2,000), lecturers the Universities and the Department. Science in the 
(£900-£1,100), and Universities should also receive a long overdue 
t the Government has stimulant if the Government accepts the Committeo’s 
ion and im it recommendation to increase the present research 
‘ould stop further loss of grant of £25,000 to £65,000 this year and £100,000 in 
ies to recruit first- 1961. Another notable recommendation is for the 
however, to keep establishment of a National Scientific Research 
fale Auala weave Council, which should overcome the present dig- 
o. It is to be hoped that proportionate expenditure on research between 
assist scientists in the Government research institutions and the Univer- 
ave also been leaving the sities, and the present lack of co-ordination. 
salaries. The recom- The recommendations not to establish a veterinary 
teo on leave are not so school or a second sohool of medicine will certainly 
jted, since past experience be unweloome in some quarters in New Zealand, 
wence of definite recom- though the recommendation not to establish further 
i to be a long period of ‘teacher-training colleges away from the prosent 
fe there is any improve- universities will command general su, support. 
and the amount of travel The i disappearance of the University of 
[a prepared 1o Booept mia Now Zealand, the coming autonomy of the constityent 
ciana, library and Universities and the implementation of the recom- 
be of great material mendations will require, the Committee reports, tho 
e Toe re-organization and enlargement of the present 
r sees Rien a University Grants Commitee under a full-time 
more money to make chairman. ` Many, however, will not agree with the 
as essential else- suggestion that only a minority of the members of 
of an immediate grant the Committee should be drawn from the academic 
| inadequate even when institutions. Tho proposal to retain the University 








buildmgs will have to sities. Tho recommendations it has made will, im 
the next ten years, nearly every case, if acosepted, these Univer- 
ve to be done by the sities up to the point where their status will be equal 
of residence. to that of the best universities m the Commonwealth. 


Government has 

New Zealand, especi- on the salary there should be little need 
ities have their part to for those concerned with higher education in New 
recommends that much Zealand to fear the future, and the Universitics 
should be included in should be able to play their full part in the further 
(that there is insufficient a eos of the country, ita economy and social 
Tesearch between the life. Ib will also give new heart to those among the 
pent of Scientiflo and present staff who have laboured, often under in- 

has located a number credibly difficult conditions, to build departmenta 


or example, the So worthy of recognition throughout the world. 
Nuclear Research) in V. J. CHAPMAN 


| ~ 





m AND RADIOCASIUM IN MILK DURING 1959 


ANDERSON, L. K. BURTON and J. O. CROOKALL 
nt, Institute of Cancer Research, Royal Cancer Hospital, London, S.W.3 


z during the first half 
lous half-yearly period. 

{-out during this period 
-88 shown recently‘, the 





of reporte! that the levels of strontium-90 in milk sampled widely in 


Great Britain rose during the period April-June 
1959 to values which were generally higher (by & 
factor of the order of 1-5) than the peak-levels 

1958. It bas also been noted’ that the levels of 
strontium-90 in human bone formed during the early 
part of 1959 showed a significant increase when 
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Oo X D 
1950 
5 Date of milk prodnotion 

Fig. 1. ee tLe wa Felin foh, wrest 
compared with earlier levels. We report here the 
values found for strontium-80, strontinm-89 and 
omeium-137 in milk samples produced at Felinfach 
Creamery in weet Cardiganshire, Wales, throughout 
1959, and we compare these resulta with those 
already described for samples of the same series 
during 1957-58"... As before, the samples were 
received at weekly intervals and measurements made 
on bulked samples, compounded from four oon- 
secutive weekly samples. The values obtained for 
1959 are shown in Fig. 1. 

In our previous report’, we showed that the 
average level (15-7 strontium unites) of strontium-90 
in milk produced at Felinfach durmg May—Angust 
1058 was 2-3 times the oorresponding level (7-0 
strontium unite) in milk derived from neighbouring 
pastures (Carmarthen) during May-August 1957 
(1 strontium unit = 1 pyo./gm. calcium). A oom- 
parison of the average level (21-4 strontium unite; 
Fig. 1) for May—Auguat 1959 with that for the same 

iod. of 1958 shows that a further increase occurred 
in, the levels of strontium-90 present in the 
of this region between 1958 and 1958 (x 1-36). 

The 1959 increase of strontium-90 in milk may be 
due partly to an increased rate of fall-out and partly 
to an increase in the soil reservoir of strontium 80. 
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.-The strontium-89/strontium-90 ratios in the milk 
(from Fig. 1) during the months May—August are on 
the average 62 per cent of the corresponding ratios in 
rain falling during the same months’. ‘This result is 
similar to the figure (70-per cent) found for 1958 and 
it again indicates that a substantial fraction of the 
activity in the milk was derived from material 
deposited at or near to the time of milk production. 
It may be noted that the strontium-89 levels in both 
milk and rain-water fell- sharply over the period 
May—August 1959 and we have mot messured this 
nuclide m samples collzcted after shat time. 

It is useful to compare the 1958 and 1959 rates of 
fall-out. Estimates of the amourt of strontium-90 
deposited over the Felinfach—Carmarthen region for 
successive May—A periods give a 1959/1958 
ratio ~ 0-9 (estimates based on meteorological and 
fall-out data). This fall-out ratio is, in fact, some- 
what lower than the irg ratio (1-36) for 
strontium-80 m milk. It should be noted, however, 
that the deposition of strontium-9) in the region was 
notably high ing April 1959, and the (April- 
August 1959)/(Aprit-Angust 1958) fall-out ratio was 
1-3. To account for ths 1959 increase of strontium-90- 
in milk, by relating it to an increased fall-out rate, ıb 
is therefore necessary to assume that the levels in 
milk during a given month were influenced by the 
deposition-rate of the immediately preceding month. 
This appears to be a reasonable assumption since 
some integration of activity will oscur in the herbage 
before grazing takes place. In fact, a comparison of 
the fall-out and milk activity-levels for the open 
pasture feeding period May—Octcbher 1059 indicates, 
that, during this period, the changes which occurred 
in the milk between any two successive months 
reflected changes which had occurred in fall-out rate 
between the two immodiately preceding months 
(Fig. 3). 
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2. Comparison of stomttam-00 dapailtón iy fet (ë, 
ah i with levels In grey strontium. units) (elinfach, 1050). 
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fall-out mechaniams that the average rate 
of strontium-90 fall-out during March-August 1960 
will be somewhat lees than half that during the same 
‘period of 1959. Similarly, the total strontium-90 
accumulated on the ground in the Felinfach—Car- 
marthen region at mid-1960 would not be expected 
to rise to more than 1-2 times the value at mid-1950. 
On this basis, the figure noted above (8-8 strontium 
units) as the mid-1959 upper limit for milk activity 
dertved from the total soil reservor becomes 10-0 
strontium unite at mid-1960. Likewise, the com- 
ponent which depends on the rate of fall-out is 
expected to be leas than 0:5 x (21-4-— 8-8) strontium 
units = 6:6 strontium units at mid-1960. This 
treatment suggests that the mid-1960 strontium-00 
level in milk from this region will be leas than 16-6 
strontium unita, that is, leas than three quarters of | 
the mid-1959 value. The corresponding figure for 
omaium-187, based on the cesium-137/strontram-90 
ratio (6-5) at the end of the open pasture feeding 
period of 1959, is 80 uuo./gm. potassium. 

It should be noted that the figures presented above 
refer to levels in milk from a single region and they 
should not be taken to represent the average values 
for Britain as a whole. The trend of the stron- 
tium-90 levels is, however, broadly consistent with 
the country-wide picture go far described‘. In view 
of the ou importance of the contribution 
from milk to the leven of activity which ocour in 
human bone, the above prediction of a downward 
trend in milk suggests that the future, 
trend of strontium-90 levele in newly formed bone 
should also be downward. 

We are indebted to Prof. W. V. Mayneord, in 
whose Department the work was carried out, for his 
constant guidance and encouragement. 
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OBITUARIES 


publication in journals. Sr William Osler had died m 
1919, but the very wonderful Lady Osler still regarded 
her home at 13 Norham Gardens, Oxford, as a centre 
for the young, and she and Lady ‘‘Sherrie’’ were two 
on whom one never failed to call, usually on Sundays 
at tea-time, every term. Fulton helped to catalogue 
“Bibliotheca Osleriana”’, which was finally published 
m 1929; but before that, with the M.A. and D.Phil. 
Oxon. to his credit, he returned for a while to Harvard, 
where he took his M.D. in 1927. As aseistant neuro- 
logical surgeon at the Peter Bent Brigham Hospital, 
he worked under the master neuro-surgeon, Harvey 
Cushing, and he became in succession his pupil, 
close friend and, later, biographer. 

As a Fellow of Magdalen he continued research in 
neurophysiology during 1028-30, and then in 1931 
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he was appointed to the Sterling chair of physiology . 


at Yale, where one of his first decisions was to 
name his new home the ‘Laboratory’ rather than the 
E E of Physiology. Many came to him 

outaide, attracted, as The Timss obituary notice 


In Oxford he had married Lucia Pickering Wheat- 
land, and in 1956 there was a reception in the History 
oS Matches ey at Yale 0 -Da ee 
twenty-five years of service in the Laboratory 
Pie at oh tant oF oe icc at 
Medicine. Fulton was given s bound copy of a special 
issue of the Yale Journal of Biology and Medios, 
and a silver medal which his friends had imscribed to 
him as physiologist, teacher and humanist. 

In 1959, on his sixtieth birthday, friends met again, 
this time at his home at Mill Rock, to be presented 
with copies of “The Making of a Library”, in the 
letters on which it was based being one from Arnold 
O. Klebs which quoted : 

“Grau ist alle Theorie 
Und grin der goldne Baum des Lebens”, 

and in which he stated that he believed in loving the 
old authors when they had something lovable. Wil- 
marth 8. Lewis briefly said that Dr. Fulton alone sur- 
*vived of the three friends (Harvey Cushing, Klebe and 
Fulton) who brought the Historical Library to Yale, 
and that November 1, 1959, was a moment of con- 
gratulation and thankfulness: of for 
Pees et ee eee 
A wa a Ne ir r y a 
instruction, before him. Elizabeth Thomson, who 
arith, Bidalia Baoa wud reapanibie far moh ol 
the planning of the reception, wrote to me that 
Mrs. Fulton was meeting guesta at the top of the 
steps looking lovely and giving no hint of the strain 
of arranging a party of seventy sub rosa. However, 
Fulton found everything a real surprise and he was 
simply delighted with the book. 

For myself I am indebted to him for countless 
kindnesses over the years, including the period after 
ihe Went World War, and I anx truly erty that Í 
am not to greet him in person at the tercentenary 
of the Royal Society, and at the centenary of the 
National Hospitals for Nervous Diseases. He would, 
I know, have entered with zest into both occasions. 

Kansert J. FBANKLIN 


Dr. S. F. Birch 


Srantay France Bæocsa was born in November 
1899 at Pewsey in Wiltshire, and was educated at 
Hurstpierpoint College and St. Paul’s School, before 
going to the Imperial College of Science and Tech- 
nology, whence he graduated. Working with Prof. 
J. F. Thorpe, he obtained the degree of doctor of 
philosophy for research work on three-carbon tauto- 
meriam, after which he joined the staff of the (then) 
Anglo Persian Oil Company, with which he was to 
spend the whole of his working life. 

His great interest was in research connected with 
organic chemistry, and it was in this sphere that, in 
1928, he commenced his career. Under Dr. A. E. 
Dunstan and with a small band of scientisie, he 


NATURE 


111 


worked in a country house at Sunbkury-on-Thames ; 
these premises he was to sso develop -nto the Research 
Centre of the British Petroleum Co., Lid. An investi- 
gation of the malodorous, com of the lighter 
fractions from Persian crude oils led to the identifica 


he a at gl 
thirty-five years. Pee auto os bd ae 
authority, and he published numerous scientific papers 
and gave many lecture both in Britain and the 
United States. He viaxted the lateer country many 
times and was well known in many dustrial research 
centres, universities snd organisations connected 
with the Amerioan Petroleum Insti-ute and American 
Chemical Society, of which he was a member. 

The study of the reactions of kydrocarbons was, 
however, a branch of chemistry im which he made 
signal contributions zo the pewoleum industry. 
This work had, aì ita msjor achievement, the discovery 
of the sulphuric acid alkylatior proces in 1936 
which, together with processes from the 
determination of the cotane numbers of pure hydro- 
carbons, and studies ofthe fractioration of petroleum 
distillates, formed the basis of tae supply, by the 
Abadan refinery, of vast quantities of aviation spirit 
during the Second “Yorid War His researches 
connected with the reactions of hydrocarbons made 
him realize, from a very early data, the potentialities 
of the petroleum cher-ical industry, and at his death 
on, March 25 he held tke position cf research associate 
in the Petroleum Chemicals 

Birch believed very strongly that research could 
only be directed by those in olose contact with the 
practical operations aad that most discoveries came 
about as & result of critical observation, and experi- 
mental skill. Until the last three years of his career, 
when, administrative rluties forced him, reluctantly, 
to move, he occupied an office stuated close to the 
laboratories and was a frequent visitor to the bench 
where many informal sechnical dincussions took place. 
‘Bill’, as he was knowr. to his friends, had wide-ranging 
interests from. his researsh work. He was 
keenly interested in the theatre ard ballet and antique 
works of art, and mary of his leistre hours were spent 

electronic and other gadgeta. 

He died on March 25, and is survived by his wife, 
Hilda Mary, whom he married or June 24, 1925. His 
ea ee oan feng a eral PN gaa ee 


pany and the stimuletion of his personality. 
R. A. Daan 


Dr. J. H. Oliver 


On June 1 James Herbert Oler died suddenly in 
Ankara. He had undertaken a visit to Ceylon and 
on ie 
= Tene interest, he was 


i where he workec under Dr. Herbert 
Hunter, who was widely known for the production 
of the brewers’ barEys, Spratt Archer and Phimage 
Archer. It was kere that Gliver developed the 
interest that he folowed so assiduously throughout 
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1 
‘temouth after the closing field led him to the conclusion that coastal mud and 


l 


sand become an important reservoir for these 
nutrients, which are distributed durmg times of 
storm and gale. 

Dr. Oliver was a member ofthe Salters’ Company, 
honorary hydrol to the Zoological Society, and 
@ member of the Society, whose meetings 

were enlivened by erudite contributions 
delivered with a humour. He was a tireless 
and inventive worker, always striving to improve his 
apparatus or to Increase the accuracy of his results. 
His energy and enthusiasm were infectious, and he 
was ever ready to lay aside his own work to help 
others. Over all his life there pervaded an ebullient 
and generous personality. He enjoyed hfe to the full 
because he had coms to terms with 1t—his terms. 
He was a gracious and charming friend, and he will 
be sorely missed by all who had the good fortune to 
know hm. N. Inanam HINDBY 


NEWS and VIEWS 


of the greet honour in which he is held by physio- 
logists, that he should have been chosen in 1984 to 
deliver the Silliman Memorial Lectures, exactly fifty 
years after the delivery by of the classical 
series published as ‘The Integrative Action of the 
Nervous System”. Granit’s researches in sensory 
physiology have explored the relationship betweer? 
sense organs and the nerve centres into which they 
send signals, and which, in turn, exercise centrifugal 
control over receptor sensitivity. In 1947 he pub- 
lished an important book, “Sensory Mechanisms of 
the Retina”. The retina offered him a central nervous 
structure, uniquely accessible to stimulation by the 
natural and selective agency, in which the interplay 
of excitation and inhibition could be studied. More 
recently, he has found that the sensitivity of the 
retina can be modified by signals sent out to it from 
the brain. Newer work in his laboratory has extended 
his general approach to sensory problems to the 
i piers case of muscle receptors. This work has shown 

at these receptors are under the control of the 
central nervous system, and that such control can 
drive the motor nerve cells of the spinal cord servo- 
fashion over the muscle reflex aros. The bold oon- 
ception of a balance between direct control and 
servo-control of muscle is a typical product of Granit’s 
imaginative insight, and is likely to stimulate research 
into the physiology of posture and movement for 
many years to come. 


Prof. G. B. Kistlakowsky 


THs announcement of the election of Prof. G. B. 
Kistiakowsky es & foreign member of the Royal 
Society will have given great pleasure to physical 
chemiste everywhere and especially to those interested 
in reaction kmetios. He was born and received his 
school education in Kiev, but his lifelong interests 
were probably shaped during his research student 
days in Berlin which, in the 1920’s, was surely the 
world oentre of the maturing science of physical 
chemistry and which has been the seminary of so 
many distinguished workers in this field. In 1926, 
Dr. Kistiakowsky went to Princeton and in 1930 he 
migrated to Harvard. From his pen have come 
numerous accounts of investigations which have 
always been marked by an elegance in conception, 
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execution and piora which is unmistakably 

his. He gave resonance quantitative easly ee 
by his measurements of hests of hydrogenation of 
unsaturated compounds; with Gomer, he was the 
first to measure the rate of combination of methyl 
radicāls; he has developed methods for studying very 


He has also been & great publio servant in the United 
States in war and in peace, which fact has been 
ee D Te ee ee ee 

his present appointment as scientific adviser to 
President Eisenhower. These are but a few of his 
acoompliahments, to which one must add his con- 
summate skill in making quarts spiral gauges, as a 
skier, and raconteur, Nate seo oe 

friondlinees, have made him so warmly regarded b 

stodente aed colleagues for ths United. Steton and 
overseas. 


Academiclan L. D. Landau 
Aqapgeroran L. D. Lawpavu, who has been elected 
to oven membership of-the Royal Sooiety, is a 


Bees Eat p a regardless of the particular 
special field im which they arrive. His best-known 


physices written by him with 
E. M. Lifshitz on the basis of his lecture courses have 
had a profound influence on teaching in the U.8.8.R. 
oaan of r itis uy oe e proven 
impetient of pedantic | 
argument. 


Marshall Chair of the Physlology of Reproduction; 
Cambridge : Dr. A. S. Parkes, C.B.E., F.R.S. 


De. A. 8. Panes, whose intment to the newly 
established Marshall chair of the 


"Comma, Pr. Packs had held a Beit 
Memorial owship a Royal Society Foulerton 
stuns ih pie DE ca A Seely aeos atare 
himself as a leading investigator of the physiol 

on. His first interest was in ovarian i 
tion, knowledge of which was much advanced by his 
work; in later researches he contributed to most 
aspecta of the physiology of sex hormones. Tn recent 
years he has pæd much attention to the effecta of 
cold on cells, tiasaes and the whole animal and, in 
collaboration 
and Dr. O. Polge, he has made remarkable observa- 
tions in this branch of biology. Dr. Parkes has always 
been alive to the practical applications of his 
Pere e o edhe ie farto of Admini- 
tration of steroid hormones by tablet i 
cad sho work an hypotharmia has Ied io importan 


developments in the storage of erythrocytes, of 
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spermatozoa and of tissues for grafing. Apert from 
his laboratory researches, Dr. Parkes is keenly 
interested in world popuation problems. Tt is indeed 
a te that he ghoald be the first to occupy & 

ir that bears the name of his former teacher, snd 
which will give him tho opportunity to develop a 

university ‘devoted te an important 
branch of physiology. ` 


Educational Co-operation In the Commonwealth 

Is a written answer tp a question in the House of 
Commons on June 24, Mr. R. Thompson, replying 
for the Minister of State for Commonwealth Relations 
regarding progress with plans fot the award of 
gcholaraiiioe “ander under the Commonwsalth Scholarahrp 
and Fellowship Plan, gave the follcwing information 
from the Association cf Universitses of the British 
Commonwealth. Canda propoms to make ten 
scholarships tenable from October 1960 and twenty 
nominations from the United Kirgdom have been 
requested. Offers of scholarships, tenable from March 
1961, for study in Australia have 20w been made of 
Commonwealth countries and tw=nty-five nomma- 
tions uested from the United Kingdom. New 
Zealand- announced the offer =o other Common- 
wealth countries of twenty-six scholarships and 
fellowships tenable at any one time and up to five 
nominations for scholarships tecable. fram March 
1961 have been requessed from the United Kingdom. 
India bas announced the offer of forty-five scholer- 
ships and fellowships to varioue countries of the 

Commonwealth, and the Federat-on of Malaya has 
offered postgraduate : awards tc more than ten 
Commonwealth countries, the United King- 
dom, tenable from Way 1961. The Federation of 
Rhodesia and Nyasaland is offering about five post- 
graduate scholarships, visiting fellowships and mature 
awards tonable from January 13961, and the East 
African, Governments ‘have offered two scholarships, 
tenable at Makerere College, for which nominations 
have been requested from the United Kingdom. 
Pakistan, Ghana and Ceylon also announced offers of 

scholarships at the Commonwealth Education Con- 
ference, but no detsils are yet available. South 
Africa had offered e total of =wenty scholarships 
tenable at any one time and fiə nominations from 
the United Kingdom had been requested. The 
Association of Universities of the British Common- 
wealth proposes to publish a fal report of the work 
done under the Plan at the end of the first year of 


operation. A 


Advisory Committee on Nuclear Safety 

An Advisory Committee on Nuclear Safety has 
been appointed “To advise the Minister of Power 
and the Secretary Of State fcr Scotland on any 
matters affecting the functions vf those Ministers in 
relation to safety the FKuclear Installations 
(Licensing and Insurance) Act, 1959, which may 
be referred to thera by either. of those Ministers 
or which in the Cammittee’s spinion ought to be 
brought to the notice of either Minister, apart 
from any such reference”. Ins membership is as 
follows: Sir Alexander Fleck (chairman); Dr. 


, Aldermaston ; 
general manager, Vulcan Boiler and 
pt E E IRTA Ltd., Manchester; Sm John 
of Churchill College, Cambridge ; 
Mr. Posi Cann, Scottish Divisional Officer of 
the Amalgamated Engineermg Union; Dr. 8. O. 


Coun 
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oyal College of Science and Wellcome Medal of the Institute for..1959; “jointly to 
of. P. I. Dee, professor of Mra. E. M. Obilver, director of the Institute of 
taity of Glasgow ; Prof. J. Commonwealth Studies, Oxford, and Dr. P. Kaberry 
thanical engineering, Univ- (University College, London).. 

?.T, Fletcher, deputy man- At the 
ergy Authority, Develop- the session 1960-61 were elected as follows : President, 
oup, Risley; Prof. J. E. Dr. Audrey I. Richards; Vioe-Presidenis, Dr. G. 
ty, University of Bristol; Caton Thompson, Prof. M. Fortes, Mr. I. M. Sieff; 
of the National Union of Honorary Secretary, Dr. Marian W. Smith; Honorary 
orkers and of the T.U.C. Treasurer, Sir George Beresford-Stooke; and Honor- 
3 Jackson, director of Re- ary Bdttors, Mr. Q. W. B. Huntmgford and Mr. W. B. 
siated Electrical Industries Fagg. 

pasa i - : ne er Zebra : a New Zero Energy Reactor 


iddlesbrough, Yorkshire; elements contain both fuel paa and plates of 
ef surveyor to Lloyd's eutron-absorbmg material : latter will be used 
by, managing director of to simulate the nuclear properties of the coolant and 
, Ltd.; Mr. L. Rother- Structure material which would be required in a power 
f the Central Electricity Teactar. Zebra will be operated at room temperature 
iam Slater, Agricultural 4nd the heat output from the nuclear reactions in the 
. Vick, deputy director, ore will be kept very low so that no cooling system 
tablishment, Harwell. is necessary. It is planned to commission the zerb 
energy reactor during 1962. Zebra will be used to 
id Wild-life obtain mformation that will be needed for the design 
of Sciences—-National of a prototype which is likely to be the next step m 
wod the formation of a the development of the fast reactor by the Authorrty. 
e relationship between The work at Winfrith will complement that carried 
ral pests and conserva- out at the Dounreay Experimental Reactor Establish- 
yulations. The creation ment. 
. aA r ier kan The Diploma In Mathematics 
he Academy—Reseerch THs Mathematical Association bas now set up an 
‘years in response to Hixaminations Board to award a Diploma in Mathe- 
over use of matics (Dip. Maths.). The printed regulations are to 
al pests. The members be available in the early autumm of this year, and it 
ra L. Baldwin, ial is expected that the first examination will be held at 
the University of Wisg- local centres in the British Isles in November 1961. 
. Gabrielson, president The Diploma is intended for teachers who have not 
nstitate; Dr. Tom H. had the opportunity of reading for a degree which 
Charles Lathrop Pack inoludes mathematics. Considerable interest in the 
George L. MoNew, Proposal has been shown by the teacher-training 


x, of the Academy- estebliahing part-time courses designed as a prepara- 
s the executive secre- tion for this Diploma. 
A draft syllabus is now available from the Secretary 
of the Association at 20 Gordon Square, W.C.1. The 
istitute : Awards examination will consist of four papers covering three 
made at the annual separate schemes of work, and candidates will be 
logical In- required to pasa in all sections, though reference on 
‘reland: Ths Huzley one occasion will be allowed in any one section. The 
Dr. A. E. Mourant, first two papers are in pure mathematica, and these 
‘aference Laboratory, will form the oore of the Diploma. The standard 
s the highest award expected is that which might be reached by about a 
wlogist, and has been year of full-time study beyond the Advanced Level 
ncil of the Institute of the General Certificate of Education. The second 
“al Medal, for anthro- section deals with mechanics and statistics. In this 
O. Mitchell (Univer- part, bearing in mind the special needs of women 
nem Rhodesia); the students, many of whom do none of this work at 
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schoo “gtendard will lie part-way between 

A ie and Advanced Level. Te de Pega a 
essential that, anyone teaghmg mathematica at any 
stage should have some el on peri 
the work. An art perhaps controversial) 


required, but candidates will be a 
clear understanding of the origin and development of 
the various subjects and topics up to the end of the 
seventeenth century, with some awareness of sub- 
sequent developments. : The of the paper is 
to ensure that teachers will be able to illustrate and 
enliven their lemons by peasing comment, or even 
by digression, about the great names and the fruitful 
periods in the subject. This could ensure that 
mathematios lessons Of the future would cease to be, 
what they so often are to-day, a sequence of mechani- 
cal processes. 
Radio and Electronics Engineering 
Tas Education Committee of the British Institu- 
tion of Radio Engineers has prepared a report on the 
education and traming of the professional radio and 
electronics ongimeer (Pp. ii+31. London: British 
Institution of Radio Engineers, 1960). The report 
defines the field of radio and electronica, and considers 
the qualifications required for profesional competence 
in this field. After a brief reference to the Institution’s 
own. examination, the relevant educational facilities im 
universities, colleges of advanced technology and 
etechnical colleges are reviewed in some detail. Oon- 
sideration is given to the redio and electronics 
content of university degree courses in physics and 
electrical engineering, in diploma in technology 
courses in applied physics and electrical engineering, 
and im courses for higher national diplomas and 
higher national certificates with endorsements. 
Reference is made to te work in radio 
and electronics in universities and colleges of advanced 
technology. Various forme of practical training are 
reviewed, end the report concludes with a group of 
general recommendations. It is advocated that there 
should be increased emphasis on radio and electronica 
m electrical engmeering and im physics courses, and 
that there should be more new courses specifically 
demgned to qualify for work in the radio and elec- 
tronios field. There is an extensive bibliography 
; of 


electronios work in existing courses. Two charts are 
given illustrating the scope of radio and electronica 
engineering, and the entrance requirements and basic 
structure of the main educational routes leading to 
professional, technician and craft iflcations. 
The Royal College of Sclence and Technology, 
Glasgow 
Tam annual on the one hundred and aixty- 
third session (1988—59) of the Royal College of Science 
and Technology, Glasgow, includes lista of titles of 
theses approved for the award of the degree of Ph.D., 
Glasgow, as well as those approved for the Post- 
eae foe aa and for the Associa ip of the 
. 64. Glasgow : Royal College of Science 
na Teckenology, 1959). There is a further list of 
recent publications by members of the College, and 
brief reports from departments and the Glaagow 
School of Architecture refer to industrial Tta 
prepared during the year by the Department of Civil, 
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Mechanical and Ohemicel Engineering for the British 
Shipbuilding Research Association on natural cir- 
culation and heat transfer in water-tube boilers, and 
an the corrosion, of water-cooled pierana, for the Cold 
Rolled Sections Assocation on she guaset plate 
strength of two-member in-line -walded joints, and 
the collapses strength of-uniformly compressed plates, 
and for the Motherwell Bridge anc ing Co., 
Ltd., on a load-test of tha Goliath crane at Hunstanton 
Nuclear Power Station. 


Cancer of the Lung 
Tum report has been issued of a study-group of 
experta from seven countries which met in Geneva 
during November 1959 to review axisting knowledge 
of the ætiology of cancer of the long and to suggest 
of improving it “Technical = Series, No. 
192: Epidemiology of Jancer of the Lung—Report of 
a Study Group. Pp. 18. Genew: World th 
Organization, 1960. I Swiss franc; ls. Od.; 
dollar). The role ai ai smoking in the 
causation of cancer of the , and of other factors 
such as air pollutioa, specific industrial causes, 
ionizing radiations, ckronic pulmonary disease, and 
heredity were discussed. The study-group outlined a 
series of special studieu designed to provide epidemio- 
logical information tkat will help lain the great 
increase in the incidense of Sader ofthe lung in some 
countries and furnish a basis for its control. They 
include studies of the reasons for geographical differ- 
ences in the incidenxe of, and in mortality from, 
cancer of the lung ; cf ite relative incidence in areas 
where the special histological classification 
by Prof. L. Kreyberg, of Oslo, can be used; and of 
morbidity in countriza where reliable statistics are 
not available. The study-group siso made suggestions 
about the identificat.on and intansive investigation 
of groups of people 3ither exposed to an excessive 
degree or scarcely exposed at al to specific factors 
thought to have an influence on the disease, about 
the stmultaneous stucy of multipie factors, and about 


genetic and experimental studies. 
Collected Papers of the Rowetr Research Institute 


deen (5s maid). This bookt gives a most useful 
and le survey of the work of the Institute as 
embodied in the papers published during the academic 
year 1958-59. Some of the proKlems tackled and the 
resulte obtamed are of practical importance to the 
agricultural industry, but many others bear on basio 
scientific issues, ana ao this scmmary should be of 
great use to a wid» variety of scientista and agri- 
culturiste. Full references to all the papers published 
in the period are giren. Many -eaders will find their 

appetites whetted fcr further insormation, and will be 
iad 40 learn ened a eakad kurbet of reprints of the 
various papers are svailable for free distribution and 
particular ones may be obtained on application. The 
commendable practice has bean continued of pub- 
lishing two review on special topics in which work 
has been going on in the Instatute for a number of 
years. On this occasion, the reviews are by Dr. G. A. 
sonar aa ae at the Rowett Institute, 
1951—59” y Dr Lege, on“ nte 
on the Nutrition oF Sows’. Eoth eens 


i 

ne | 
worthy suce 
volumes of tI 


Sclentific Re 


Laboratory, = 


The Advisory, 
and Develop 
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general assembly 
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lso published in earlier for articles on electronics now reaches ite tenth year. 
Papers”. ; Articles published during 1960 will be congidered by 
load Safety the panel of judges early in the New Year, and mx 


premiums of 25 guineas will be awarded. Further 
je European Productivity mformation can be obtained from the Electronic 
Peor European Economic Engineering Association, 11 Green Street, London, 
mal meeting to discuss W.1, to which algo eligible articles should be sub- 
ion in soientific research mitted before the end of the year. 

id at the Road Research 


Langley, Bucks, durmg U.S. Record of Published Books 


"ilham Glenville, director A NEW American Book Publis. Record ig now 
. The provisional agenda boing issued which collecte all ork listed in the 
Woekly i the vious calendar 
xy research m various month and arranged i to tho Dewey Decimal 
searches, and the best Classification ; & combmed author and title mdex 18 
inclnded (Vol. 1, No. 2, for the month endmg March 
ı workers, on an mter- }, 1960. Pp. 96. Subscription: 11 dollars for 12 
il be asked to consider monthly ismues (U.S.A. 10 dollars). New York: 
nts for closer collabora- R, R., Bowker Company, 1960). Books are defined as 
a are expected to attend non periodical publications of 49 pages or more, and 
unark, France, Greece, books on all subjects are included as well as those 
way, Spain, Sweden, printed abroad, but ‘published’ in the United States 
agdom and the United in the sense of being offered for sale there through a 
i delegation will mclude single designated agent. 
xdical Research Counc. 


A eronautieal Retearch Bibliography of British Journals and Newspapers 

Mr. F. ATKNgSoN, of the Hampstead Publio 
: Library, has prepared an admirable bibli h; 

Aeronautical Research covering, ss Mr. F. Williams points out in pee a 
orth Atlantic Treaty duction, every book of substance dealing with English 
following schedule of newspapers and journaliam durmg the most expansive 
£ 1960: August 24-26, period m their history (Library Association. Special 
Panel on “Advanced Nubject List No. 32: The English Newspaper smoe 
asadena); September 1900. Pp. 31. London: Library Association, 1960). 


j ne Fluid Cytology and Cell Culture Genetics of Man 
ght Mechanics Panel, “A Symposrum on Cytology and Cell Culture 
ons Systems Testing” Genetics of Man” haa been published by the Amer. 
ospace Medical Panel, J. Human Genetics with the aid of funds from the 
tion Medicine” and National Institutes of Health, Public Health Service, 
wnbul); October 8-8, U.S. Department of Health, Education and Welfare. 
Istanbul). The tenth Reprints may be obtamed on request from Dr. 
sory Q for Gordon Allen, Buildi 10, Room 2N208, National 
ee At aes ne Institutes of Health, Bot 14, Maryland. The 
Further information symposium is 42 peges in length and contams the 
D-NATO, 64 rue do following papers, ongmally presented in Pennsylvania 
on September 2, 1959: “The Chromosome Comple- 
ments of Human Somatic Cels”, by E. H. Y. Chu; 
wards for Women “Humen ee oe Ite Present Place and Future 
Poasbilities”’, ©. E. Ford ag Dinmorphiam 
p in Interphase Nuclei’, by M. L. Bar; ‘Some 
a i Systems for the Genetic Analysis of Mammalian 
ú enable al io Cells”, by L. Sachs and M. Krim ; and “Coll Cultures 

Pi A of for Human, Genetic Studies’, by M. Frascaro. 
Fa eiaa ia Royal Commission Awards for the Exhibition of 1851 
er, who at present Tus followmg awards for 1960 have been an- 
‘Bection of the A-E.I. nounced. Sontor Studenishtps : B. Brummer (Imperial 
, and Miss R. Wins- College of Science and Technology), for research in 
r with Research and physical chemustry at the Imperial College of Science 
: and Technology; M. J. M. Leask (University of 
Oxford), for research in physics at Oxford; 8. K. 
isoclation: Awards Malhotra (University of Oxford), for research m 
the Radio Industry zoology at Oxford; D. J. Willams (University of 
tronic Engineering Sheffield), for research in theoretical chemistry at 
ing annual premiums Oxford. The Senior Studentships are of the value of 
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£800-£000 a year and tenable ordinarily for two 
. Oversæas Scholarships : M. H. Jericho (Dal- 

hoaia, University), for research in physics at Cam- 

bridge; P. 8. Simony (McMaster’ Svani = 

researoh in geology at tihe Liberia! College of 

and Technology ; G. Moritz (University of 

aei for ae in physical organic 


chemistry 
Cambridge; D. Bt. 0. Fare (University of Byd- 
at A 


for research in 


le. A. Q. Sarker ey, for research in 
theoretical physics at Birmingham. The Overseas 
Scholarahipa are of the value of £550-£650 a year 
and tenable for two or three years. 


University News : Belfast 

Da. D. W. R. Maoxsxym has been appointed to a 
lectureship in microbiology. 

Birmingham 

Dr. rah MANDELSTAM, et prosent assistant 


Whitworth and Dr. A. B. Robbing (physics); Dr A 
J. R. Majer ( ); Dr. F. W. J. Teale and 
Dr. D. G. Walker (bi mistry); Dr. E. H. Creaser 
(microbiology) ; Dr. D. F. Gibbons (physical metal- 
lurgy). Research fellowships : A. H. M. Hoare (pure 
(physics) ; B. Cockayne 


De. 8. P. Hurron, at present deputy 
the National Engineering Laboratory, Kast Kilbride, 
Glasgow, has been appointed professor of mechanical 


Liverpool 


istice) ; ( ; 
Dr. O. L. Smith (xoology). Semior ips : ae 
A. 8. Aldred (electric power i ); Dr A 


Bolton (civil engineering) ; 
and Dr. T. B. 


chemistry) ; . 

J. F. Norbury (fluid mechanics) ; 

(physiology) ; Dr. L 0O. Geddes peeing ; 
Scott (obstetrics and gynmcology). 


London 


tenable at King’s College) ; Dr. D. ¥. Ager (geology, 
tenable at the College of Science and Tech. 
no ); Dr. M. Shepherd (psychiatry, tenable at 
tho i of Psychiatry). 
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Oxford 


APPOINTMENTS to lectureships are as follows : 
D. E. W. Baden-Powell (p archmology) ; 
Dr. M. J. Kearsley (mathematics); Dr. H. R. Harré 
(philosophy of science). s 


t 


Swan 


Tum following appointments to have 
been made for the seian 1960-61; Mr. I. G. Evans 
(pure mathematica); Dr. H. T. Mies (physics) ; Dr. 
J. A. Schofield (organic chemistry). Dr. 8. K. 
Zaremba has been appointed senicr lecturer in pure 
mathematics. 


Announcements 


Ir has been, imod that Pro^. Adolf Butenandt 
(Munich), president of the Max-Planck Society, has 
been elected an honorary member of the Leopoldina 
German Academy of Science. 


De. P. O. SPHNSLEY,« temporary assistant director 
of the Tropical Products Institute, has been appointed 
acting director of the Institute, until Mr. E. 8. His- 
cocks takes up duty towards the end of the year. 


Tas Science Museum, South Kensington, has 
recently brought into’ operation 3 star-projector to 
demonstrate the daily motion of the stars and their 
appearance at different parts of the world and at 
different times of the ;year. The stars are projected 


20 ft. in diameter. onsirations are given once 
daily, from Monday tp Friday orly. 
Tam nmoty-poventh of she British Pharma- 


from W. K. Fitch, 
17 Bloomsbury 8 


ira tenth Cansdich High Polymer Forum will be 
held at the Alpine Inn, Ste. Marguerite, Quebec, 
7-2. The Foram is sponsored by 

ational Reseasch, Council of Canada 


Further information’ can be obtained from Dr. 
D. A. I. Gormg, Canadian High Polymer Forum, 
Pulp and Paper Research Institure, MoGill University, 
Montreal, Quebec. 


Taa first Internstional Syrposium on ‘“‘Oori’'s 
Easter and Phosphorylated Glccides” will be held 
during September 18-18 at the Museum of Science 


obtamed from the Comitato 
Symposium Internazionale sullestere di Cori e sui 
glucidi foaforilati, Vin Modica 6, Milano. 


y, Department of Scintific and Indnstrial 
Research, 14-18 Cornwall Terrace, Regent's Park, 
London, N.W.1. 


Eesarom. It is regretted that an announcement 
referring to the seventeenth International 
Se ee ee eae 
ee a a SE aa in 
the July 2 issue of Nature. 
Incorrect. 
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uncil for Scientifio and 
x the year 1959, the 
tscussed elsewhere m this 
penditure of £10,059,376, 
n 1958, and reduced to 


ipts from industry and 
dered, of which £405,514 
rent departments and 
468 in all being received 
Laboratory: the net 
£536,907. Granta to 
9,818, the number of 
being 2,144, of whom 
TO awards) were new ; 
3 numbered 271, and of 
> 39 of the 49 research 
TO awards. 
54 were in biology and 
. engineermg and metal- 
in electrical and 138 in 
logy, 30 in the human 
s and 431 in physics. 
whips were fairly evenly 
45 in phywics, 44 in 
os and 35 each in geo- 
ering and metallurgy ; 
xiochemistry (13) and 
of the research fellow- 


a totalled 380, of which 
£8,542,861 in the year 
hese 68 ware in biology, 
y and geophymos, 4 in 
, 35 in low-temperature 
the solid state, 20 in 
38) in nuclear physice, 
e human sciences. Of 
the largest is that of 
Y. B. Skinner for three 
for research at the 
energy physica; other 
of. A. B. Pippard for 
a magnetio laboratory 
Ige for the study of 
3utler, at the 
ology, London, for 2 
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T OF SCIENTIFIC AND INDUSTRIAL RESEARCH 
RETURNS FOR 1959 


years from October 1, 1959, for equipment for the 
analysis of bubble-chamber films; £75,000 to Prof. 
R. Hanbury-Brown at the University of Manchester 
for 2} years from January 1, 1960, for a new type of 
photoelectric stellar interferometer, and £60,820 over 
3 years from April 1, 1960, to Prof. A. O. B. Lovell 
for research with the 250-ft. steerable radio telescope 
and another £52,000 over 4 yoars for ita maintenance. 

With the exception of fire expenditure on 
which decreased to £29,748 from £37,174 in 1958, 
hydraulics research (£90,768; £100,650 im 19858), 
water pollution research (£100,586 from £103,882) 
and, surprisingly, road research, which decreased by 
£25,751 to £535,062 (compared with £441,762 in 
1957) although work on trafo safety problems has 
notably expanded, the net expenditure on all branches 
of the Department's work mcreased in 1959, though 
that on food mvestigation (£326,908), forest producte 
(£139,965), Geological Survey and Museum (£338,404) 
and pest infestation (£95,642) was practically un- 
changed. The biggest increases were ın head 
administration, etc. (£436,190 from £377,905); 
National Physical Laboratory (£801,550 from 
£787,950) ; National Engineering Research Labor- 
atory, £606,055 compared wrth £507,104 in sing 
anical engmeering research in 1958. 
radio research was £193,681 compared with £159, 308 
in 1958, and, on the new Warren Spring Laboratory, 
which appears for the first time in the summary of 
expenditure, £897,418. 

Annual grantas to research associations amounted 
to £1,683,195 (£1,700,830 in 1958) and special grants 
to £88,570; contributions to European nuclear 
research remained at £1,100,000 and expenditure on 

overseas liaison increased from £85,588 
to £92,137. 

The report records an increase in staff of the 
Daarin to 5,506 ; but although net recruitment 
over the year was satisfactory, difficulties ın recruiting 
certam categories of staff continued. The number of 
research associations has now reached fifty, and at 
the request of the Board of Trade and the Federation 
of British Industries, the service of technical digests 
has been restarted. The Overseas Liaison Division 
was merged with the Headquarters Information 
Division at the end of the year. 


SURGEONS OF ENGLAND 


NEW LABORATORY BUILDING 


it. The second phase is the Nuffield College of Surgical 
Sciences, & residence for eighty postgraduate students, 
which faces Lincoln’s Inn Fields immediately to the 
oast of the old College buildings and to the north of 


the new phase I block. 


The buildings recently opened lie behind the old 
Co. and are the westward continuation of phase I, 
the floor-levels corresponding exactly except that 
there is a fifth story in the new block, which accom- 
modates the animal house. In general terms, it may be 
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the new ‘buildmg (phase Oa) combains research 
laboratories and lecture and demonstration rooms. 
The fourth floor is occupied by the of 
Anatomy, with a fine Dissecting Room at the western 
end and a Prosector’s Room leading from it, in which 


flanked by staff offices and research rooms where 
work is being done on the anatomy of conjoined 
twins, the nerve endings in the larynx, and m 
pantog Takia Pr aparon Pioen Resarch tn 
d is concerned with the structure of the 
nuclear cytoplasmic interface in normal and neo- 
plastic cells; the electron microscopy of human 


At the western end of each story there is a large 
room, the size of the Dissecting Room, that on the 
third floor being used by the Departments of Physio- 
logy and Pharmacology sa a demonstration room, 
with benches for work. The research 
rooms on this floor belong to the Department of 
Ophthalmology, in which work is being done on the 
clinical applications of antibioticos in ophthalmology, 
with special reference at the moment to the possible 
exploitation of interferon in virus diseases of the eye ; 
on the distribution and nature of refractive errora, 
pepecially on the optical campananis during growth ; 
and on blindness, includmg both statistical and experi 
mental studies. It has been established that the 
general pattern of retinal metabolism conforms to 
that of the brain, and work is bei to seek 
for poesible biochemical defecta in the retina of rats 
and mice affected with hereditary degeneration of 
the retina. 

Tt has been shown that sodium iodate, sodium 
fluoride, ee 
dégeneration of the retina in the rabbit. ine 
has been found to be effective in preventing the 

degeneration induced by iodate and by 
oacetate, but is apparently ineffective against the 

Mba ees elke aa asia Work is proceeding to 
seek for other protective substances against both the 

induced lesion and spontaneously 
occurring blindness. 
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“of Pathology and some research rooms for the pro- 


been able to extend into the new having a 
ta eee a ae 
laboratories in which a» present werk is being done 
on tissue culture and X-ray micromopy. The tissue 
culture work is designed to study tne distribution of 
adenoviruses in the tonsils of nxrmal persons in 
relation to age, and the incidence sf virus infections 
of the lung. Organ cciture is being carried out to 
assist the research already going an in the Depart- 
ment into lung cancer. 

X-ray mi is bemg usei to explore the 
possibilities of the method for elucidating the struc- 
ture and constitution of cells and connective tissue, 
and to confirm by phyrical means rome of the results 

i by ical techni: 


is directed towards exproring the ætiology of pyorrhasa 
and dental caries. A morphological peculiarity of the 
interdental septum hasbeen demonstrated whereby a 
trivial aberration of toxth eruptior is liable to initiate 
a chronic ulcer between the teeth which progresses m 
some cases to the establishmert of a pyorrhoa 


pocket. , 

On the biochemical side, research is proceeding 
into the amino-acid composition of enamel protein, 
and it has been shown that ths protem is quite 
different from other skin keratins; and on the 
bacteriological side, a special stucy is boing made of 
the organisms capable of living on enamel proteins. 

A third problem engaging tha attention of the 

ent is the determmation of the earliest 
reaction of bone to metastatic deposits of carcinoma ; 
and a study is also being made of salivary gland 
metaboliam using radioactive tracers. 

On the ground floor there sre two committee 
rooms, a Fellows’ Common Room, and an excellent 
lecture theatre to seat 140 studenata, a great asset to 
the College, which is, however, still short of lecture 
and demonstration room-space to meet all the 

of its educationa: The 
buiding of phase IIb, which will complete the 
restoration of the Callege, is plenned to make good 


THE ROYAL BOTANIC GARDENS, KEW 


HE Students Day at the Royal Botanic Gardens, 
Kew, was held this year on May 7. 


societies. Altogether 

present. The exhibits this year were nob restricted 
to the Herbarium but were spread over the various 
e e On ese one Oe ee mere eee 


Sing: EEE E, 
with the work of the taxonomist. Starting with the 
collection of planta in the field, there were demon- 
atrations of drying and mounting leading to the 
ultimate naming and classification of the specimens. 
The work of the monographer was also demonstrated, 
with perticular reference to the genus Frous (figs), 
which inchides nine hundred species. 


A challenge to vistors was previded by an exhibit 
illustrating the classification of grasses. Two con- 
sets of specimens were displayed. In one, 

seven of the larger tribes were illustrated by herb- 


these were a numbar of non-typical examples from 
the same tribes, in which there were certain mutual 
resemblances. The compact spike-like inflorescence 
illustrated by m-nimum in the Chlor- 


essential to the correct placing of a given species. 
The employment of other criter® such as the nature of 
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on the principle of vernalization. A sample of Malus 
seed had been maintained at a temperature of 36° F 
for sixty days and then subjected to two 1-sec. dipa 
at 10-min. intervals in water at 165° F. The seeds 
then showed radıcle development at an advanced 
stage and a batch of seed so treated had actually 
germinated within a few days. 

An impressive exhibit displaying methods of 
vegetative propagation demonstrated the use of 
various growth-promoting substances in the quick 
establishment of cuttings. The formation of callus 
m treated and untreated examples was illustrated, 
and the methods used in propagation by leaf, root 
and stem cuttings were also demonstrated. A work- 
ing must-unit which sutomatically mamteins a 
constant humidity in a propagatmg house was also 
on view. 

The exhibit m the Fernerios was notable for e fine 
display of young sporophytes of the rare monotypic 
Regnellidium diphylum, a member of the Marsilia- 
ceae; fow students could ever have seen living 

imens of this interesting South American genus. 

addition, there were ira day of the early stages 
in the development of the fern sporophyte and an 
interesting demonstration of the vegetative propa- 
gation of species of Selaginella and Lycopodium. 
These genera, which are difficult or impracticable to 
raise from spores, are in most cases readily raised 
from leaf or stem cuttings. 

In the Jodrell Laboratory a number of exhibita 
were displayed to illustrate the multifarious activitioa, 
of ita staff. Besides demonstrations of the methods 
used in preparmg materials for microscopicel exam- 
ination, several examples were shown of commercial 
vegetable producta which had either been adulterated 
with worthless material or were completely spurious. 

Finally, mention should be made of the exhibrt 
shown m. the Herbarium, and loaned by the 
British Council, consisting of forty-four panels 
ulustrating the history and activities of the Royal 
Botanio Gardena, Kew. Intended primarily for dis- 
playing overseas, they were quite excellent in 
presentation and were universally admired. 

F. BALLARD 


INFLUENCE OF EDITORS 


often be much ruder and more effective without 
causing ill-feeling. As a university teacher, Dr. 
Keynes was concerned at the number of text-books 
and symposium volumes that bear the names of 
eminent scientists as editors, but in which the so- 
called editors have not really done any editing at 
all. The frequent contradictions in the different 
chapters are troublesome to student and teacher 
alike. Editorial interference may be objectionable, 
but editorial neglect is worse. 

Dr. A. 8. Parkes (National Institute for Medical 
Research) agreed that an editor had many respons- 
ibilities ; bat in the long run the author bears the 
full responsibility for every paper bearing his name. 
In particular, an editor should not rely too much on 
a referee, who may well have hia own axe to grind, 
and who, being anonymous, has no right to try to 
insist on major alterations to someone else’s paper. 
He recognized fully, from his own experience, that 
young suthors can benefit enormously from the con- 
structive criticism of more experienced writers ; but 


a 
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“papers should go through the moulding stage before 

they are sent for publication. The head of a depart- 

pee ne gos ee pap aT OAE i pp ee 
and worthy to bear ita name 


be expected to replace tho 
highly skilled task of revising for publication. 
Editmg is a burdensome job, and most scientists are 
grateful to the editors who give their time to it. 

Editors should do as much rewriting as think 
necessary. But an editor needs to be a diplomat: 
he must know how to effect a useful compromise 
without ing resentment. 

Mr. A. L. Bacharach (J. Nuérition) said that the 
basio question is: How much should an editor do? 
Some scientists are glad to have their manuscripts 
revised, but others go so far as to assert that papers 
he ar Ge ee eee 

errora. The purpose of 
are parties is to Pipe new information, and a 
peper will do this only if the reader has confidence 
in the author. Grammatical errors, verbosity and 
repetition undermine the confidence of the reader 
and should be corrected. LOR APT E Ene 
go through a process of ‘ nterna 

department (not necessarily by the heed) Placer 
are pent for publication. In one department that 
had adopted this procedure for more than fifteen 
gears, only one in some two hundred of the papers 
sent for publication had been rejected or returned 
for rewriting. An editor is entitled to make every 
alteration he thinks necessary to improve the clarity 
and intelligibility of a paper, so that it can be 
‘read with intellectual comfort. Those who resist 
such alterations are the bad scientista— 
the good ones are glad to have their papers 
im 

_ R. K. Callow (National Institute for Medical 


stand the concern that others feel about them. In 
his experience, a journal in which an editorial board 
of scientists did most of the editing, and a staff editor 
did only sub-editing, achieved the happiest suthor— 
editor relationship. It was less satisfactory to have 
a system of refereeing in which the expression of 
opinion was limited (‘suitable’ or ‘not suitable’ for 
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~acceptancs) sei EEEE E aa eilts 
+o, fit them into a sterectyped scheme for the concise 
ing of data. 
Dr. I. Bush (Oxford. complained of over-zealous 
bade ian tied Aang who ho.d up publications 
while makmg numerous changes, which are not of 
the first importance, ic the manuscripte. Editorial 
requirements are 80 nunerous and ~arious these days 
that many otherwise conscientious authors do not 
take the maximum trouble in preparing their manu- 
scripts mnoe experience leads then to believe that, 
whatever they do, the editors wil always raise a 
large number of “objestions or alternatives. He 
pointed out that Dr. Detlev Bronk had recommended 
a decrease in ‘editorialiing’ in an article some yoars 


ago. 

Dr. T. H. Osgood (U8. Embaas~) said that in his 
American experience, the insensitivity of some 
authors to shades of meaning lent credibility to the 
story told by & fellow editor thet occasionally his 
letters of rejection took the ferm: “Dear Si, 
Although your paper fils a much-needed gap in the 
literature, I regret thst it cannat be accepted for 
publication”. It was unfortunate that editora were, 
on occasion, forced tc undertake the education of 
authors, but when it became known that the cor- 
rection of errors and the questioning of editorial 
judgment involved considerable dlay, authors took 
exceptional paing to present gooc manuscripte. In 
view of the normal of arc author to see his 
paper in print, the treat of delay was the best 
weapon for ensuring the effectiveness of editorial 
influence. pe eee ee 
to make one or two exmamies every year 

Mr. F. Olark (Biochamical J.) described the work 
of a professional ed-tor, whose services may be 
required for large scientific journals where much of 
the editorial work formerly dons by the chairman 
and other members of the editcrial board can be 
transferred to the edicorial office 

Dr. G. E. W. Wo-stenholme (Ciba Foundation) 
said it is difficult for scientists from abroad to under- 
stand the requirements of journalsin another country. 
Some scientists whose papers ars rejected are oon- 
vinoed that the editore have a personal grudge against 
them. 

This short meeting aad shown how helpful it could 
be for authors and editors to get to know each other : 
in that way many mutual difficulties could be ironed 
out. D. Riagrer 


THE BRITISH RAYON RESEARCH ASSCCIATION 


HE annual open days of the British Rayon 

Research Association's Heald Green Laboratories 
at Wythenshawe were held during May 11-18. The 
total attendance was 900. Last year the work on 
‘fluid beds’ and on vibration problems on spinning 
machinery wes not demonstrated, but, because 
of the progress made, it was possible to give 
reel demonstrations of both these aspects 
Tn the tuid beds’, on which the Amociation 
has been working for the past few years, the bed 
Be ey a ee eee [Conana T mm 050 

mm.) and the fluidizing agent is air. Tho particular 


virtues of fluid beds are: (a) that high rates of heat 
transfer can be achieved between a heat source in the 
bed and the material to be hwated, for example, 
fabric or cord ; (b) tnat the bed can be operated at 
high temperatures; and (c) tha= the temperature is 
uniform across the bed. Fabric ar cord can either be 
introduced at the boztom and removed from the top 
of the bed (single- bed) or boch entry and removal 
can. be at the top (double-pass bed), in which case it is 
round an internal roller or similar devioe at the 

The problem is to achieve this with low 

cloth tensions. The current position is that fabrics 
oan be passed through single-pass beds under a tension, 
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It has been conclusively shown that N-aoyl amides 
are the primary product for large range of N-primary 
alky] amides. An initial study of the thermal oxida- 
tion, over the temperature-range 110-180° O., has 
shown that the major products from N-ethyl and 
N-propy! propicnamide are again N-acyl amides, that 
is to say, thermal oxidation would appear to mvolve 
& specific hydrogen abstraction, namefy from the 
carbon a to nitrogen, either in the initiation or propa- 
gation stage. 

The second feature af nylon which has been studied 
is the structure of spherulites grown from the melt. 
Narrow-beam X-ray techniques have been used to 
study orientation, and it has been shown that the 
a axis of the unit cell lies along the radius in positively 
birefringent spherulites. The zig-zag extinction pat- 
tern shown in the polarizing microsoope by some of. 
thse spherulites oan be understood in terms of this ‘ 
orientation and a structure in which successive 

Ine units along a radius show a progressive 
rotation (twist) around this radius with an optically 
resolvable pitch. The orientations in negatively 
birefringent spherulites and in i 


crystalline units from which the spherulites are 
formed, 

An cm@ential stage in the production of textile 
fibres is drawing, which brings about molecular 
orientation and an anisotropy in physical propertiese 
Apart from previous work on cellulose film in the 
Laboratories, no attempts have been made to investi- 
gate the of the mechanical propa tise, 
although the behaviour of fibres under lateral forces 
may well be as relevant to obtaining an understanding 
of the physical properties of yarns and fabrics aa the 
axial tensile Ferries wish are measured. 
Usmg polythene film (see Nature, 184, 600; 1959), 
measurements of the Young’s modulus of strips cut 
at three angles (0 = 0°, 45° and 90°) to the symmetry 
direction (direction of drawing) have been made. 
With increasing draw ratio at 20°O. the moduli 
at 0° and 80° to the axis of symmetry first decrease 
and then increase very markedly. This 
behaviour is not explicable in terms of a jon 
in order, A ey A ee (by 
X-ray measurements) increase monotonically with 
increasing draw ratio. Even more unexpected is the 
behaviour at 6 = 45°. In this case the modulus 
decreases smoothly as the draw ratio imoreases. 
This behaviour of polythene differs markedly from 
that of cellulose, for which some less-extensive data 
are available, but it is clearly of sufficient importance 
to justify the investigation of other polymers in a 
similar way. 

Apart from thése investigations, aspects of much 
other technological work were on show. Of particular 
interest to the textile industry were the different 
types of slub-catchers for removing slubs from yarn, 
a demonstration of the effect of spindle eccentricity 
on ring spinning frames on producmg hairiness in 
yarns, and the effect af pirn winding tensions and 
humidity conditions on the production of weft bars 
in nylon fabrics. 

The number of staff of the Laboratories is 280, 
comprising research staff, 80; laboratory and 
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OCEANOGRAPHY OF LONG ISLAND SOUND 


OL. 17, Art. I, of the Bulletin of the Bingham 


widely different 
Long Island Sound, with the emphasis on the oyole of 
organic uction, and a guide for prepering figures 
written the editor, Ynge H. Olsen, with James 
E. Morrow, research associate. The volume opens 
with an obituary notice of Eugene Harris, who had 
not fully completed the manuscript of his important 
contribution on the nitrogen cycle when he died. 
The senior author, Dr. Gordon A. Riley, completed 
it, and from the paper itself it is clear to all who 
wrestle with the problems presented by organic 
production in the sea that further contributions of 
high standard would have come from Harris had he 
lived. 

The volume as a whole is a continuation of a series 
of seasonal studies, continued over a period of years, 
in the attempt to establiah the various parameters, 
physical, chemical and biological, that seem to exert 
most influence on the production of plankton, and 
secondarily on the higher forms of life such as sand-cols 
and other fishes, in this area. Numerical values for 
the most important of these parameters having been 
tablished, the final to solution of the 
organic cycle is by the mathematical methods previ- 
ously employed by Dr. Riley in studies of more strictly 
oceanic areas. 

. Marine biologists in Great Britain may gain a fair 
idea of the scope and importance of the work if it 
is said that it presents a close parallel to that carried 
out by Dr. Harvey and his co-workers of the Plymouth 
Laboratory in the coastal waters of the English 
Channel some twenty-five years ago. Long Island 
Sound is a more enclosed and more strictly coastal 
sea-area, with more extreme seasonal variation in 
such perameters as temperature and salinity, due 
partly to the climatic differeneses of an area on the 
eastern side of a continent. Moreover, the American 
workers began with all the advantages of the research 
and discussion that have accrued during the inter- 
vening years, with attendant improvements in tech- 
nique ; while the more-sheltered situation must have 
greatly assisted in the mamtenance of wider and 
more prolonged seasonal coverage. 

š The general account given by Dr. Riley shows that 
the phytoplankton cycle is somewhat different from 
that observed off narth-west Europe. A late-winter 
flowering dominated by diatoms such as Skeletonema 
costatum and Thalassiosira nordenskiéldit occurred, 
with its peak between January and March, in each 
of the years studied, thab is, roughly one month 


earlier than the spring flowerings studied by European 


workars. Subsequent less-regular flowerings in May 
or June consisted p: ly of dinoflagellates. 
The E SEOBE « of the western (enclosed) end of 
the Sound was so much greater than that near the 
open end that there the chlorophyll concentrations 
during post-flowering periods were ss high as those 
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representing flowerings at the eascern end. Ib was 
thought that relatively low-grazing mtensity at the 
western end partly aeccunted for this great disparity. 
Autumnal fi wore less regu ar than the others, 
but of very considerabb magnitude. A fairly satisfy- 
ing argument postulating meoreased stability of the 
surface layers as the, prime factor promoting the 
richer antumnal outbursts is 

Harria’s contribution established nitrogen as the 
most probable limiting factor among the essential 
nutrients in this area. As stated in Riley’s general 
account, the relative poverty is chown by nitrogen/ 
phosphate ratio of between 5 : l and 8:1 by atoms, 
between one-third and one-half the values found in 
the Atlantic area gemerally. It is pleasing to find 
Oooper’s concept of the “anomal” of the phosphate] 
nitrate ratio” so ussful m defning the nutrient 
characteristics of a region very different from 
moet of those in whDh such werk has been done 
before. 

Harris showed further that ammonia was superior 
to nitrate and nitrite as a source of nitrogen for the 
ph studied in most instances, and not 
inferior to them in tha remainder. In the discussion 
he developed a most interesting bh to the 
effeot that in strongly stratified surface waters, when 
nitrogen quantities are near m-nimal, but organic 
matter tends to a maximum near the thermocline, 
vertical zooplankton. migrations may help to alow 
down depletion of the epithalases in this respect, or 
even very slightly to mnoredse the quantities available. 

Riley and Schurr present a very detailed analysis 
of the various parameters affec-ing transparency of 
hie: water Ge dadinesen br n Eas series of Bici 
disk readings. Here I must con=ees to feeling rather 
unconvinced by the mathematical treatment of same 
of the more obviousty inter-relsted physical factors 
influencing the maintenance of suspensoids in the 
upper layers, as wind stress, mean stability, tidal- 
current speed and depth. The time factor appropriate 
for the first two seers so uncertain that one doubts 
the of tha statistically computed partial 
correlation coefficients to expres these. This is not 
to query the correctness of the conclusions reached, 
where the possible eifecta of some of the ‘unknowns’ 
are quite fairly stated in more general terms. 

A brief trenchant note by Riy on the particulate 
matter in the Sound_shows that although the amount 
of detritus is exceptionally large ita distribution seems 
to bear little direc: relation tb the phytoplankton 
cycle. From the seesonal imbahnoe between produc- 
tion and consumption it seems that some of ıt has & 
slow rate of degradation. Thue it may provide les- 
suitable food for the zooplankson than would seem 
probable from the e~idence that the latter can assimi- 
late more nitrogen ihan is to bə found in the phyto- 
plankton. The part played by organic detritus in a 
relatively shallow enclosed see-area, like the Sound, 
where local turbulence often churns up the bottom 
deposite, must be more complicated than it is in 
oceanio areas whers it sinks eut of the immediate 
circulation in the surface layers. 

Peter J. W examined the carbohydrate 
content of water senplæ from the Sound throughout 
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Comparison wrth data from elsewhere showed fewer 
empty stomachs among the rae Island Sound 
material ; evidently the Sound provides good feeding 
for the young of this species. Co and their 
nauplii were the most important food organiams, but 
phytoplankton was also an important food, especially 
for the younger and smaller larve. It is shown that 
the larvae must ingest a conmderably ter quant: 

of fl a dar Hat oan Be aoe Bae aes 
exammation of stomach contents for growth to 
contimue. - 

Finally, the editors offer first-class advice and 
instruction regarding the production of the 
with which papers of this kind should be illustrated. 
No marine biologist can cavil at anythmg they have 
to say, for all the advice is excellent. 

Is it not a little unjust to expect marme biolegiste 
to be good dranghtamen as well as possessing the 
wide range of profeamonal knowledge and other semi- 
specialist akills that they must strive to attain in 
order to do their job well? Many who are not so 
gifted are no wit inferior as scientists to those gifted 
with & natural facility for drawing. The number of 
research workers who can hope for the collaboration 
of a good illustrator is very Lmited, at least in Great 
Britain. Too much maistence upon a high standard 
of graphic presentation can thus lead to suppression 
of valuable resulte. 

Another point which this, in iteelf unexceptionable, 
set of instructions impels one to raise is the need 
in marine biological papers for lees gize reduction of 
figures and more reference lines on graphs (which ® 
most editors seem to abhor). Such work often involves 
voluminous raw data, which for economic and other 
reasons are nowadays rarely published in full. 
Graphs from which the values really can be read off 
are therefore abmoest the last line of defence 
destructive critics who make much of possible 
alternative arrays of the data, which on close examina- 
tion are almost always found to be inferior to those 
selected by the individual who did the work. 

T. Joss Harr 


JR D. LITTLE RESEARCH INSTITUTE 


ization of ethylene sulphide are being investigated 
for a Europeen sponsor. 

The work on the chemistry of sodium sucrates 
continued and has opened a new route for the 
preparation of & wide range of sucrose derivatives of 
potential value, including the sucrose fatty esters, 
although the problem of removing ‘bound’ ammonia 
from sucrates prepared in liquid ammonia has not been 
completely solved. In the work on the mechaniam 
and kinetics of the formation of isotactic polymers, & 
new flow apparatus was built and the continuous-flow 
technique adopted to overcome the difficulty of pre- 
parmg a reproducible Ziegler catalyst surface, and to 
afford some insight into the problem of making the 
polymer production process continuous. An improved 
model of the ensitometer was built and cali- 
brated. 

Work m the corrosion fleld was particularly 
fruitful, and 450 © compounds were tested for 
inhibitory power using the rapid methods desomnbed 
in the previous report. Although the results did not 
establish any clear-cut correlation between chemical 
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constitution and inhibitory power, they should assist view of assesaing improved. dimens onal stability, and 
the selection of compounds likely to be effective as methods have been worked out for the routine 
inhibitors. Electrochemical methods `of studying ‘evaluation of changes in the physical properties of 
inhibition have also given interesting resulta, and the ‘veneer and whole-wood resulticg from chemical 
technique of studying inhibition in a flow apparatus ‘modification, and a rapid . screering technique for 
with a controlled atmosphere has been considerably evaluating rot resistance properties of sawdust 
improved. Studies of the chemical modification of samples. Infra-red spectroscopy proved to be 6 
wood have been extended to include modification of particularly valuable method for” examining com- 
blocks of sapwood specimens and of veneers with the minuted wood samples: i 


POLYPEPTIDES OF THE HUMAN PITUITARY WITH DIRECT ACTION 
ON METABOLISM 


By Dr. J. BORNSTEIN and DEIRDRE HYDE 
Diabetic and Metabolic Unit, Alfred Hospital, Melbourne 


HE observation by Baird and Bornstein!, that 

residues of plasma following an soid solvent 
extract contained a fraction capable of inhibiting the 
uptake of glucose by rat diaphragm, led to the investi- 
gation of human pituitary as & possible source of 
this material. 

Acetone-dried pituitaries are extracted with a 
mixture isti of ethanol, 4 vol.; n-butanol, 
0-4 vol.; toluene, 0-4 vol.; and water, 1:0 vol.; 

e Hydrochloric acid to pH 1-5 for Shr. The supernatant 
is discarded, and the wet residue incubated for 4 hr. 
at 37° C. and then vacuum dried to remove all traces 
of solvents. The dry cake is pulverized and extracted 
with 0-1 M acetic acid. The extract is then ultra- 
filtered thro ‘Cellophane’ at 40 Ib. per square inch 
and the te either freeze dried or precipitated 
with 15 volumes of absolute ethanol (dried over 
calcium oxide). The activity of this fraction (P.UF.) 
is shown in Table 1. 

The crude ultrafiltrate was added at a oon- 
on of the equivalent of 1 gland/ml. of 

er. 

The ultrafiltrate is then chromatographed on 4 
column of ‘Zeokarb 225° or ‘TRO 120P’, the column 
being developed with water, 0:1 M triethylamine 
acetate buffer pH 6, followed by 0-1 M triethylamine 
buffer pH 9-4. Three peaks are observed, the first 
fraction (HP,;) not absorbing on the column, the 


a 


Table 1. Erracr or CRUDE ULTRAFILTRATE OX GLUCOSE UPTAKE 
BY Rat .DisPHRacy (2) 














second (HP,) being eluted with buffer pH 6 and 
eluting at pH 5-2-6-C and the third (BP) at pH 0-4. 
The third peak (BP) has been ñert in all 

and no further reference will be made to it. HP, and 
HP, showed opposite effects on. glucose uptake by 
rat diaphragm, HP, producing acoceleratzon and 
HP, inhibition (Tabl 2). 

The inhibitory effect of fraction HP, has also been 
investigated in the ein, syrtems. - 

(a) The oxidation of U-O glucose by paired liver 
slices (Table 3). 

(b) The moorporation of carbor:-14 amino-acids into 
protein of rat diaphragm both in vitro and following 
pre-injection of animals. 

The diaphragms cf rate starved for 18 hr. were 
incubated in the preeance of a p»otein hydrolysate of 
activity 1 po./ml., total amino-azids 80 pgm./ml. and 
insulin 1 x 10° unit/ml. No gh.cose was added. In 
injection experimenta 160 pgm. HP, was given sub- 
cutansously 18 hr. before death and 160 ugm. HP, 
intravenously 30 min. before death. Protein was 
isolated according to the techrique of Manchester 
and Young‘. The results are ahcwn in Table 4. 

(c) Effect on the inoorporation of “0-l-acetate 
into fatty acids and unsaponifable lipids by liver 
slices both in vitro and following injection. 

Liver slices taken from rate starved for 18 hr., 
paired in the case of in vifro experimente, and pooled 
in. injection experrnents, wero inoubated in the 
presence of 14C-1-scetate 1 uo. iri., acetate concentra- 
tion’ 300 ugm.jmLl, glucose cono«ntration 2 mgm./ml. 
Where injection of animals was undertaken it was 
carried out as under b. The fatty acids and unsaponi- 
fable lipids were recovered according to the technique 
of Hastings et al.*. The resulta are shown in Table 5. 

The unsaponiflable lipids frora this series show the 
same trend as in the m vitro atudice, but the results 
are not statistically significent. 


Table 2. Hvraot or Fracrioxs HP, AXD HP, ox GLUcOse Uptake BY Bat DIAPMAMX 
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be said whether the material is actively diabetogenic 
in the same sense as growth hormone in suitable 
anmnals. 

The relation of this apparently polypeptide fraction 
to the well-known simular effects of growth hormone 
following the injection of that substance is at present 
not known, but it is possible that it representa an 
active fragment split fram the growth hormone mole- 
cule. 

Again it is not poambleto state whether thus fraction ® 
is the same as that described by Bard and Bornstein’, 
although there is considerable similarity in the 
technique of preparation. 

Further work as to biological activity, molecular 
sizo and structure is in progress, and full details will 
be published elsewhere. 

This work was sup by grants from the 
Australian National and Medical Research 
Council, Eli Lilly and Company and the Life Officers 
Fund of Australia and New Zealand. 


1 Baird, O. W., and Bornstein, J., Se iC (1057). 


4 Manchester, K. W., and Young, F. O., Biochem. J., 78, 186 (1050). 
"Benk, i u Em A. B., Nosbott, F. B., and Ashmore, J., 
J. ham., S13, 135 (1084). 


'HORETIC DIFFERENTIATION OF HAPTOGLOBINS 
IER GROUP-SPECIFIC INHERITABLE SYSTEM 


‘IN NORMAL HUMAN SERA 


By Dr. JAN HIRSCHFELD 


Carolinska Institutet, Stockholm 60. State Institute for Blood Group Serology, 
cholm 60. State Bacteriological Laboratory, Stockholm 


-electrophoresis!* at 
itating components 
iormal human serum 
technique, which 
of the components*.‘. 
of these components 
given; precipitates 
moted as a,-globulin 


I, U, eto., according to their electrophoretic positions 
m immuno-electrophoresis under the conditions 
employed. 

At least two evidently independent group-specific 
systems have also been observed, whereby normal 
human sera can be divided into three groups depend- 
ing on variations in electrophoretic position of the 
haptoglobin precipitates, aa well as three further 
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Fig. 1. Bohematic_representation of fmmuno-slectrophoretic pattern 
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ofr No © (upet Dap) and pram To. Gower Basin) aftar 


previous addition of hemoglobin developed with differen 


groups depending on other precipitating components 
occupying different electrophoretic positions in 
different sera‘. 

Both these group-specific systems occur in the 
a,-globulin region, aa i by immuno- 
electrophoresis, and the homoxygotes in both sys- 
tema have either s fast-moving or a slow-moving 


(Hp 2-1) oooupies an i 
position between the Hp 1-1 and 2-2 precipitates, 
whereag the heterozygote of the other group 


specific 
system gives a precipitate with two peaks if the 
electrophoroti 


an, extended 


fusion on is closer to the anti- 
body ion centres than Hp 1- 
and Hp 2-2. 


Addition, of hæmoglobin will re- 
sult in @ slower migration of the 
haptoglobins, while the electro- 
phoretic mobilities of other serum 


components (including the group-specific components) 
are evidently unaffected is. 2). Also, the hapto- 
globin precipitates can be ateined by means of 6 
benzidine reagent, while no staining is obtained of the 
other group-specifi=« precipitates; if hæmoglobin is 
added to the sera’. 

By means of agaz-gel electrcphorosis*, the electro- 
Pe ee ee n a 

and compared with the haptoglobin pre- 

PN in immuncelectrophoresia (Fig. 2), whereas 
as yob no demonstration of the other group-specifio - 
components hag been obtained with electr 
techniques other than immuxo-electrophoresis. 

It may bə difficctt to group human sera aocording 
to any of the grocp-specifio components because of 
the number of other precipitating components, 
especially in the c,-globulin region, some of which 
msy also vary in Cifferent sere’, ` 

Either an immune serum bas to be used, which 
contains as few previpitating antibodies against other 


components in the a,-globulir n ag aa di 
the immune serum has to bə 
pera, which can be used without apay 


globin grouping or grouping of zhe other group-specifio 
components in human sera, Lave been found to be 
umeommon when rebbita are immunized with whole 





t 
Hp 1-1 
pattern of 2ormal serum ¢ before and after addition of 
hemoglobin and agar. eee oi pein aac after addition of 
staining with Cavnidas Daan bora oa . 
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It has been found that this is the cage for most rabbit 
Immune sera immunized with normal human serum, 
and that such antibodies are also demonstrable in 
commeroially available immune sera (Behring-Werke, 
No. 1047 and Institut Pasteur No. 13). 

The absorption one oe employed was first 
published by Dray and oung* but haa also been 
used in our laboratory**. It will be referred to as 
intra-baain gel absorption. 

All experiments were carried out with the same 
two sera from evidently normal blood-donors and 
Fig. 1 also refers to these sera. Serum No. 2 belongs 
to Hp 2-2 and group-specific component 1 (fast), 
whereas serum No. 4 18 of the type Hp 1-1, group- 
specific component 2 (slow). Further date of these 
sera have been given in & previous communication‘. 
No changes in these sera have been observed in 
repeated bleedings of the blood-donors during a 
period of a year. 

In Fig. 1, a schematic drawing is made of the 
immuno-electrophoretic pattern of thege sera when 
dovoloped with five different immune sera ın different 
oxpormente. The schematic drawing is believed to 
demonstrate all componente accurately from the 
original photographs. In this instance, hæmoglobin 
was added to the sera, which explaing the slower 
electrophoretic position of the haptoglobin precipi- 
tates than in Figs. 3-6. 

In Fig. 3 the immuno-electrophoretic pattern of 
these sera is shown when developed with an untreated 
immune serum which meidentally contamed strongly 
preorprtatmg antibodies only against the hapto- 
globins and a,-macroglobulin in the «,-globulin 
region. 

This immune serum also grves strong precipitates 
with albumin, transferrin, 6,-globulin 1, y-globulin 
as well as another component in the y-globulin 
region, which appears only in very fresh sera and 
disappears after a few weeks, even when sera are 
stored im the deep-freeze’ (not included in the 
diagram). 

ln Fig. 4, the ummuno-electrophoretic pattern of 
these sera is shown after intra-basin gel absorption 
with umbilical serum**. Only the haptoglobin 
precipitates are shown in the a,-globulin region. 

Intra-basin gel absorption of the immune serum 
with equal amounts of properdin (1-2 mgm./ml.) and 
fibrinogen (20 mgm./ml.) gives only the haptoglobma, 
the group-specific componenta a,-mscroglobulin as 
well as a,-globulin IV, which recently has been 
identified as the owruleoplagmin precipitate, in the 
a,-globulin region (Fig. 5). 

Finally, by means of intra-basin gel absorption 
with equal amounts of properdin (1:2 mgm./ml.) and 
albumin (70 mgm./ml.) the group-specific components 
can be demonstrated, whereas the antibodies agamst 
the haptoglobins seem to have been effectively 
absorbed (Fig. 6). 

The serum fractions used were supplied by Kabı, 
Ltd., Stockholm. 

I acknowledge grants from Karolinska Instriutet 
and Stiftelsen Thérese and Johan Anderssons 
Minne. 
aan Ae and Williams, O. A., Biophys. Biookim. Acta, 10, 103 
* Soheldegger, J. J., Int, Arok. Allergy, 7, 103 (1055). 

* Hirschfeld, J., Ads Path. Microtiol. Soend. (m. the preas). 
‘ Hirschfeld, J , Acta Path. Mtsrobiol, Sownd., 47, 160 (1059). 
3 Hirschfeld, J., Waters, 188, 164 (1900). 

* Hirschfeld, J., Adta Path, Mwroinol. Somda., £7, 160 (1059). 
' Hirschfeld, J. (unpublished work). 
"Dray, 8., and Young, G. O., Solence, 198, 1023 (1959). 
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CLEAVAGE OF HUMAN Y-GLOBULIN ~ 


By Dr. ROSA AUGUSTIN and BARBARA J. HAYWARD 
Wright-Aeming Institute, St. Mary’s Hospital Medical School, ‘London, W.L 


j 


‘WO communications appearing recently in 

Nature!" prompt us to report briefly our own 
experiences with ‘spontansous’ and enzymatic 
cleavage of buman y-globulin and other serum 
components. 

During attempts to distinguish reaginic from non- 
reaginic sera by micro immuno-electrophoresis*® 1 we 
observed variations in human sera which were 
unrelated to allergy. Four out of twenty sera stored 
at 4° O. for 5-8 years shared a pronounced post-y- 
globulin component when tested against antiserum 
(rabbit) to whole human serum (R72) and a further 
ten sera of this batch had a suggestion of a post 
y-globulin line. Out of thirty-four sera stored up to 
four months at 4° O. only one showed the 
of a split in the y-globulin line. Thus, the y-globulin 
of serum es well as that of plasma’ shows evidence 
of spontaneous splitting during pie storage. 
There were also great variations in the strength of 
the 6,y-globulin line, in the number and positions of 
the B,-globulins, the a-globuling and the appearanco 
of a line, most probably identical with 
Grabar’s p (ref. 4). Many more sera contained p than 
post-y-lines, and more sera giving weak B,ar-lines had 
p-lines than sera giving strong B,ay-lines. 

Further, two y-globulin preparations obtained by 
fractionating serum on distin iaminoethyl-caltuloss® 
orginally gave only one line when tested with either 
rabbit antiserum to whole human serum (R72) or 
with rabbit antiserum speciflo for y-globulin only 
(R92). After only a few weeks at 4° O. immuno- 
electrophorectic patterns showed three partially 
related y-globulin components very much lke thoge 
observed by Grabar: and Skvatil' in some stored 
y-globulin preparations. Like Skvatil, we followed 
up these leads by deliberate proteolytic digestions. 

By fractionation on diethylamincethyl-cellulope we 
succeeded in preparing immuno-electrophoretically 
pure water-soluble y-globulins of a limited range of 
medium electrophoretic mobilities. These were 
digested with papain using 1 mgm. of the crystalline 
enzyme per 100 mgm. of protein. Drops of the 
digest were removed at intervals and immediately 
subjected to immuno-electrophoresis. Five- and 17h 
samples (87° C.) were also dialysed in the cold against 
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distilled water before electrophoresis, but patterns 
before and after dialysis. were identical. Forking at 
both ends of the y-globulir line was observed 
immediately after adding the >apain, but a distinct 
post-y-line formed rather earli«r than the pre-y-line. 

There were three distinct ocmponenta after 1 hr., 
the amounts of poet-y-globulin line (1) and especially 
ee ee 1) moreasing at the 
expense óf II during further digestion. A fourth 
component (IV) started to appear on the anode side 
after 4 hr. of digastion; Fig. 1 gives the picture 
obtained with, R72 after 17 be. No component IV 
could be seen when R92 wae used to develop the 
pattern. The upper halves of the gel of three 
microscope slides were cub into six sections (es 
indicated in Fig. 1) immedistəly after finishing the 
electrophoresis and before the addition of the anti- 
serum, as in meznods described previousty*. The 
cut-out gel sections were lled into peripheral 
cups of Ouchterlony plates s indicated in Fig. 2. 
From the immuno hcretic patterns it was 
already clear tha; both I and were partially 
related to II, and that IV was partially related to 
I. This was confirmed in the Ouchterlony tests 
(Fig. 2), which farther showed complete immuno- 
logical identity Setween IT and the undigested 
y-globulin (Fig. 24), and partial identity of I, DI 
oe ee (Ftg. 2B). Further, 
Tia & reaction of non-idensity with both ID and 

(Fig. 2). Also, it can be seen (Fig. 24) that I 
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digestion of isolated y-globulin and y-globulin in 
whole serum) could be due to our isolated y-globulna 
(of a limited range of mobilities) containing more of ` 
- the determinants B and O than of A, while the 
amounte of those two sets of determinants may be 
more nearly equal in the whole y-globulin range. 

A digest of rabbit y-globulin prepared according 
to Porter! showed no immunological sumilarities when 
compared with our digest from human y-globulin ; 
R12, R92, a sheep antiserum against whole rabbit 
antiserum and a rabbit antiserum (R89) against an 
ultracentrifugally enriched obulm fraction 
(fom a Waldenstron patient) were used in the 
Ouchterlony comparisons. 

With normal human sera and with y-globulin 
fractions isolated from them, R89 gave what looked 
like three parallel y-globulin lines, a heavy line flanked 
by two weak ones. This is reminiscent of the two 
y-globulin lines obtained by Goodman? with chicken 
antiserum and whole human serum and may mean 
that even the purest y-globulin preparations isolated 
so far contain components other than y-globulin, 
but with identical electrophoretic mobilities. 


1 Bicvall, F., Wetwre, 185, 475 (1000). 

* Goodman, ML, Nature, 188, 474 (1060). 

* Boheidegger, J. J., Int. Arol. Allergy, 7, 103 (1058). 

t Grabar, P., “Adv. in Protein Chemistry”, 18, 1 (1988). 

s Augustin, B., and Hayward, B. J., Immunology, 3, 45 (1060). 
* Augustin, R , Immunology, 3, 280 (1059). 

t Grabar, P , Ann, Inst. Pasteur, 97, 618 (1059). 

1 Parter, B. B., Bloohem. J , 73, 119 (1959). 


=MAINS IN SOME BRITISH PARCHMENTS 


By Da M. L. RYDER 
lence, University of New England, Armidale, New South Wales 


istological examins- 
» Dead Sea Scrolls? 
on of material for 


Table 1) dated 1198, 
jparchments belong- 
Woy De R. Rook 
by Dr. R. Reed, 
dustries, University 
mtury samples were 
penth, fifteenth and 
by 5 samples from 
Canterbury City 
collection from 
Yorkshire samples 
hen he was archivist 
comprised samples 
' Manor of Hatfield, 
Was much interested 
istic and scientific 
rt to ensure that 
‘scientific value by 
a known locality, 
of a document that 
written upon, was 
value was not 
a requirements , 
veilable which were 


almost certainly acquired locally, and m a oourt roll 
there is often a considerable area of unwritten - 
ment ab the junotion of membranes from which the 
required short strip about 1 am. wide could be taken 
without spdiling ita appearance. In addition, a 
sample was sometimes taken from the end of a sealing 
tag. In fact, all the Scottish samples were of this 
nature. These were supplied by Mr. J. H. Thornton, 
of Northampton College of Technology, and covered 
the fifteenth, sixteenth and seventeenth centuries. 

The final parchmenta examined were 164 from the 
family documents of Captain Sir Hugh Rhys Rankin, 
Bart., of Bryngwyn, near m, Herefordshire. 
These ranged in date from 1743 to 1871, and all the 
60 dated before 1800 were exammed ; but there were 
Bo few remains in the nineteenth century parchmenta 
that only three from each decade were examined. ~ 
Moat of this collection were from documents that had 
been drawn up in Hereford, but there were some from 
various parts of England and Wales. However, 
certainly as early as the seventeen-nineties, it was 
clear that the parchment had not necessamly been 
made locally; one parchment from Hereford, in 
fact, bore the name of a London stationer. 

The parchments were treated in the following way : 
Sandison’s softening fluid?, 24 hr.; 70 per cent 
aloohol, 8 hr.; 80 per cent alcohol, 3 br.; sbsolute 
alcohol, 5 min.; carbolic xylol (phenol 25 gm., 
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Tabie 1. SrEcies OF WOOL TYPS IN PARCMMMNTS, HACH SAMPLE BEING INISCATED BY rre Dats 














1281 f-m 1207 f 
14th | Others not yet 1905 ? Boay 
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1387 see text 
and Fig. 2 
15th | Others not yet 1432 fat, and 
examined 
1442 m 
16th | Others not yet 1827 hairy 
17th | 1650 m 
1677 m 
1687 — 
18th | 1700 — 
1703 — 
1786 m 
19th 











xylol 75 ml), overnight, and then wax embedded 
in vaouo for 80 min. They were sectioned horizont- 


Only one sample had a clear follicle grouping, 
whereas four of the Dead See Scroll samples! had clear 
groups. Even those with many well-preserved 
follicles or fibres did not show the follicle arrangement. 
The remains in the medieval were on the 
Sr eae ae ee ee 
Soroll te, possibly owing to the wetter 
British climate, although many of the medieval 
parchments were of excellent quality. The seven- 
teenth- and eighteenth-century perchments were 
on tHe whole of the worst quality, being the thickest, 
but sHowed most histological detail, for example, 
cell nuolei in follicle bulbe and surface scale patterns 
on the wool fibres. The nineteenth-century 
ments were the thinnest, and contained the least 
number of remains. 

The results are summarized in Table 1. Identifica- 
tion presented great diffioulty because it had to be 
based mainly on individual follicles and fibres. The 
main ortterion was the diameter of fibres and follicles, 
ips: teak guerra omarion medium, and fine to 
mediam wool, which no indication of breed. 
Sometimes, however, information could be 
obtained from indications of follicle grouping and 
fibre-scale pattern, and suggestions of type, for 





Key : —, unidentified ; f, fine; f-m, fine to mediom ; m, medtam 
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example, down or long-wool, were added. A further 
difficulty was the likelihood that sheep of the past 
differed from those of to-day; for example, the 
mention of down sheep means that the sample had 
the appearance of this type, and not necessarily 
that the down type existed at that dete. Hairy 


sheep were easily distinguished because of the presence 
of both coarse and fine fibres, tke latter having a large 


si aa ras 


lattioed medulla (Pig. 1). 
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found in the goat, but lacking the latticed structure 
characteristic of wide medulle, and the secondaries 
were larger than usually found in the goat. Many of | 
the fibres had brush ends showing that they had been 
about to moult. 

Hairy sheep were apparently present in all periods,- 
whereas most of the fine-wool samples came fram the 
medieval period, and most of the medium-wool 
samples came from the sxteenth century onward, 
those of the eighteenth century bemg the coarsest. 
The findings therefore support historical records ' 
which mention the extreme fineness of medieval 
wool, and also work which has ahown evidence of an 
increased supply of long wool durmg the sixteenth- | 
and seventeenth centumes'. There was evidence, 
however, of the exstence of medium and fine-to- 
medium wool sheep in the Middle Ages that oould 
have been the ancestors of the long-wool, the origin 
of which has recently bean much disoussed**. It is 
interesting that a suggestion of Bosy sheep wae found 
in Scotland, because ib had been thought that the 
Soay type was widespread there until the eighteenth 
oen : ; 
I wish to thank all those mentioned earlier who 
provided the material for this work, whioh was 
carried out while I was a member of the staff of the 
Wool Industries Research Association, Leeds. I am 
grateful to Miss R. G. Jasper for technical assistance. 


* Ryder, N. L., Watwrs, 18%, 781 (1058). 

ME Burton, D., Pools, J. B., and Reed, B., Nature, 184, 533 (1050). 
* Bandison, A. T., Maw Teoh., 30, 277 (1055). 

4 Auber, L., Trans. Roy. Soo. Edin., €R, 101 (1052). 


* Ryder, M. L., Nature, 188, 1881 (1959). 
* Bowden, P. J., Boon. History Res., ii, 0, 44 (1066) 
1! Byder, M. L., Agrio. History Rev.,)7, 1 (1959). 


-LIMB REFLEXES IN THE KITTEN 


By Dr. STEN SKOGLUND 
Institute of Anatomy, Unlversity of Uppsala 


spinal cord is not slower in the new-born animal than 
in the adult. 

It will here be shown that both the peripheral 
conduction and the central tranamismon of proprio- 
ceptive hind-limb reflexes are slower in the new-born 
kitten than in the adult animal, until the kitten 
reaches the age when it can walk and stand on ite 
hind-legs. Furthermore, is concluded for several 
reasons that the spinal transmission of ale a da 
reflexes is monosynaptic. 

Experiments have been performed on kittens’ from 
60 different litters, most of them ranging in age from 
1 to 45 days. They were either deosrobtated ‘and 
spinalized or angethetized with nembutal intra- 
peritoneally (85 mgm./kgm. body-weight). Various 
hind-lomb nerves were dissected free for stimulation 
and recording, and after laminectomy either all dorsal 
or all ventral roots from LIT and downwards were 
severed for recording or stimulation. This prepara- 
tion has been used both for determining the velocity 
of conduction and the spinal transmission of pro- 
prioceptive reflexes as well as their reaction to anti- 
dromic and tetanic stimulation, and their facilitation 
and inhibition. Furthermore, the Renshaw feedback 
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and the impulse-flow from sense organs in the muscle 
have been studied. Here only the development of 
the time relationships in the proprioceptive hind-limb 
reflexes will be considered. 

At birth, the velocity of conduction of the fastest 
muscle afferents varies in differant litters and animals 
from 8 to 12 Ta. /se0., which means a time of conduction 
of around 3-4 m./sec. from, say, the gastrocnemius 
muscle to the spinal cord, the distance varying 
from 3-5 to 4-5 am. When the kitten is well able to 
support ite-body-weight on the hind-legs, the velocity 
of conduction of the fastest muscle afferents has 
increased to about 30 m./sec. At the same time the 
distance has increased to 5-8 om. from the gastroc- 
-nemius, which means a time of conduction of around 
3 msec. This velocity of conduction is normally 
attained at-an age of 18-25 days postnatally. 

The ventral roots muscle efferents are developed 
earlier than the dorsal roots and muscle afferents, 
having a velocity of conduction that is 2 m./rec. 
faster in the new-born animal When the efferente 
have achieved a velocity of about 80 m./sec., there 
appears a later wave in the neurogram on stimulation 
at ten times threshold for the biggest efferente. This 
wave has been found to correspond to the gamma- 
afferents in the adult nerve. 

On stimulating a muscle nerve or & dorsal root and 
recording on the central end of the out ventral 


Such a long reflex time as 
that m the new-born kitten does not immediately 
suggest that it is mediated by a two-neuron arc. The 
flexor behaviour of the animal’ suggests rather that 
the reflex is polysynaptic and directed to the flexors. 
This possibility can be immediately ruled out, for on 
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muscle nerves, or both stimulating and recording on 
the muscle nerve, a reflex with the same central 
delay can be recorded on both extensor and flexor 
nerves. Thus, so far its identity wth the monosynap- 
tio reflex is clear. In Fig. 2 the redex time on stimu- 
lating the dorsal and jrecording oa the ventral root 
has been plotted against velocity cf conduction in the 
muscle afferents (circle). Subtracting the time of 
conduction in the dorsal and ven-ral roots gives the 
curve with half-filled circles. Measurements on 
spinal cord sections ina new-born kitten have shown 
that the intraspinal conduction path to the ventral 
horn cells amounts to 2 mm. in J 1. Plotting the 
time of conduction in the dorsal mot collaterals kept 
at a constant length of 2 mm. against velocity of 
conduction in the mracle afferects, the velocity of 
intraspinal conductior being aasstmed to be a third 
of that for the adult animal gives the filled circles. 
From these curves is men that, w-th a synaptic delay 
of 0-5-0-8 m./sec.*, thare would te no time for more 
than one synapse. The velocity cf conduction in the 
thin dorsal root collacerals migh- be even slower in. 
the new-born kitten than the caleclated value, and the 
conduction peth is m@mewhat lenger than 2 mm. 
at the later stages of developmen-, which would shift 
the filled. circles to tae right, ae the time of intra- 
spinal conduction from the ventral horn cells to the 
surface of the cord, here not calculated, will do. It 
is thus concluded tha: the reflex is mediated by aros 
of two neurons atreacy in the new-born animal, the 
long reflex-time being due to tke alow velocity of 
conduction, although a somewhat longer synaptio 
delay than in the adult animal night be at hand. 
From these experiments it is sen that the stretch 
reflex loop approaches the same time relationships 
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With advancing age the morease of latency after 
tetanization, as well as the time required before 
latency and the height of the potential have resumed 
ther control value, diminish. When the velocity of 
peripheral conduction hag exceeded 20 m./sec., the 
first signs of a post-tetanio potentiation appear in 
response to æ short tetanus, a long tetanus stul 
setting up an increase of latency and diminution 
of the potential for quite a considerable time. 

Post-tetanic potentiation is well developed when 
the conduction velocity of the muscle afferents haa 
reached 30 m./sec. 18-25 days postnatally. At thia 
stage of development short tetani also give facilitation 
of potentiation}. 

Thege experimente have provided information on 
the postnatal development of the dorsal root col- 
laterals and eventa concerned with -post-tetanic 
potentiation. Here, however, I wish to stre -only 
the simultaneous development of post-tetanic poten~ 
tiation and other adult features of the monosynaptic 
pathway on one hand, and decerebrate rigidity and 
tonio stretch reflexes’, on the other. 
> Granit, E., J. Physiol., 121, 32 (1056). 


* Granti, B., Hi H-D., and Steg, G., Ada Physiol. Soand., 87, 
114 it aaa His 


* Grant, B, Etuis, 0. G., Skogionå, 8B., and Steg, G., J. Newro~ 
physiol, 90, 470 (1057). 
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LETTERS TO THE EDITORS 


PHYSICS 
Effect of S lar Reflexions on the 
Radiation Flux from a Heated Tube 


A QUESTION of some importance that arises in 
problems of radiational transfer of energy in an 
enclosure is this; If « is the emiasivity, and hence 
also the absorptivity, of the surface, in what manner 
is the fraction (1 — «) of the incident radiation that 
is not absorbed returned to the enclosure ? In most 
investigations on the radiation from the inside of a 
uniformly heated cylinder it is assumed that the 
whole of this fraction is diffusely radiated according 
to the oosine law’. The alternative case where the 
whole of this fraction is specularly reflected does not 
seem to have been investigated. This case also is of 
interest, since it can be secured in practice by suitably 
polishing the wall surface, and secondly since it lends 
itself to a more precise and elegant theoretical treat- 
nent than the corresponding case of perfectly diffuse 
reflexion. 

Consider, for example, the flux of radiation that 
j from the mouth of a cylinder, open at both 
ends, the temperature of which is kept uniform over its 
whole length. In order to evaluate the flux one may 
adopt a method somewhat similar to that used by 

Simon and Ziman! for calculating the effect 
of reflexions of thermal ons of long free 
path from the walls of a oyli erystal on ite 
thermal oonduotivity at low tem ough 
these authors were concerned, unlike here, with 
transport of energy under a gradient in temperature. 
The flux oan be readily shown to be equal to: 


enor Sea = or] (ty) 


where : 


(1) 


2h* + D* ] 


uh) mah — 30" Dh 


o being Stefan’s constant, L the length of the tube 
and D its internal diameter. 

When the tube is long, that is, when L —> œ, the 
expression for the flux reduces to : 


oy Fo = oT'ole) juhin 


(3) 


e(t) = 5 ed — or +1) (4) 
jade Pastor: Gy swhiely tie Ga ing expression. 
for the ideal case when the walls of the tube are black 
has to be multiplied m order to take into account the 
defect of actual « from unity and the consequent 
occurrence of specular reflexions. 

It can be readily seen that : 


o(e) = ef] -+ 2(1 — e) + 811 — e) + ...] = 1 


That o(e Sree RET and is equal to unity, 
as tho direct radiations Ei a 


(5) 


(2) 


and they corresponded to those of a black body, is 
significant. Tt can be further seen that ['u(h)dh = 


iD", which is just the area S of the mouth of the tube, 
and that F,, = SoT4, which is just the radiation that 
one would expect from a black body of this area. 

The equivalence of the flux from zhe mouth of tho 
cylinder to the radiation from a black surface holds 
for all directions over the ðr solid angle. 

When the other end af the tube 2s closed, the flux 
from the mouth maludes, in addition to F r, two more 
terms, Fz’ and Fz’, relating to ths radiations that 
originate from the side walla and sre reflected from 
the end wall, and those that origizate from the end 


wall, respectively : 
Fry = oT a1 zs re an (8) 


hed! 
Pu et re z i) 
where: 
E(L) = 4n{2L* + TP — ab(l* + D1) (8), 


With « = 0-75, the ftux issuing irom the mouth of 
a tube of length &D, closed at the «ther end, is short 
of that from a black body by aboxt 1 per oent. In 
the alternative case af perfectly diffuse reflexion, 
even though the flux along som directions may 
approximate even more closely to that from a black 
surface, the total flux over all directions is consider- 
ably short of it, and r so however much the 





(7) 


1 Bee, for example, Buckley, EL, Phil. Mac., 4 753 (1027). 
1 Borman, R., Simon, F. B., and Ziman, J. AL, Proe. Roy. Soo., A, 
#30, 171 (1983). 


Ganni runea of Lead Silicate Glass 


ta gamma radiation darken duo 
“tho opp Se ae is aeons Much work - 

sei ie Baits anal Gea on Sloe: Ger ee 

E ie clea toe be case, Glass hes 
also been studied by many workers, and. it is well 
known that the the intensity of the volou produced m 
glass fades in tho dark and tat this process is 
acoelerated by increase in temperasure or by exposing 
the glaæ to light. The present work was undertaken 
to investigate the mechaniam invclved in the darken- 
ing of glass, and the recovery in the dark with time, 
in an attenrpt to obtein better of the 
structure of glass. A lead silicate glass of weight 


compositi¢n PbO-80, 3i0 -20 was chosen 

of the si ity of its chemical com- 
position (approxi PbO.8-0,). Such glass 
might be expected to provide € simple ion. 
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rads. The optical denarty decreased rapidly immedi- 
ately after removal from the radiation facility, and 
the rate of fading became smaller as time progressed. 
Similar curves obtamed for other doses within the 
range studied had the same form. 

_The effect of increasing dose on optical density at 
different wave-lengths after certam periods of fading 
was studied. It was found that as the glass was 
irradiated, the number of colour contres increased 
rapidly at first with meressn dose, apparently 
approaching & saturation value. plete saturation 
was not achieved, however, since for doses higher 
than 10° rads the variation between optical density 
and dose was linear. The explanation suggested for 
this is that there are two processes involved : trappmg 
of electrons in defects existing in the glass prior to 
irradiation ; and creation of defects of the same 
type during irradiation. These mduced defects can 
then trap electrons to produce the same type of 
colour centre. The filling up of defecte already exist- 
ing is complete at about 10*-* rads, but there 18 no 
evidence to suggest departure from non-linearity 
between the concentration of induced. defects and 
dose up to 1% rads. 

The absorption spectra of the irradiated samples 
show three absorption bands at approximately 
1-7 eV., 2-8 eV., and 3-3 eV. If it ia assumed that 
these absorption bands are Gaussian in shape, it is 
possible to separate the full absorption curve into 
three component pertas shown as dotted hnes in 
Fig. 2. Further work is in progreas and will he 
reported elsewhere. 

R. 8. BARKER 
D. A. RIOHABD8ON 
E. A. G. MoCONEEY 
R. Roome 
_ Research Laboratories, 
Pilkington Brothers, Ltd, 
St. Helens, Lancashire. 


Ultrasonic Velocities in Aqueous 
Electrolyte Solutions 


Ix a recent communication, Mr. S. V. Subrah- 
manam! has reported measurements of ultrasonic 
velocities in aqueous solutions of cadmium iodide 
and mercuric chloride. I have made a detailed 
investigation of the variation of ultrasonic veloorties 
ın & number of aqueous solutions of electrolytes with 
concentration and ture. The electrolytes 
that show the rather unusual behaviour of decreasing 
sound velocity with increasing concentration are the 
following: (1) cadmium. bromide, (2) cadmium iodide, 
(3) zinc iodide, (4) strontium iodide, (5) lead acetate, 
(6) uranyl chloride, and (7) uranyl nitrate. The 
detailed results were published**; the conclusions 
reached in those studies are as follows: 

(1) While in general sound velocities in electrolyte 
solutions are greater than that of water and increase 
with increasing concentration at all temperatures the 
experiments on the sbove-mentioned electrolytes 
reveal the opposite type of behaviour, that is, a 
decrease in sound velocity with increasmg concen- 
tration, the values bemg always leas than that of 
water. 

(2) It is also a striking feature that the velocity 
decrease is always associated with the presence of 
heavy ions like Pb», I~, U*, etc., so it is probable 
that a correlation exista between the two factors. It 
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iss been suggested by Barthel‘ that in the case of 
veavy ions the velocity of Brownian motion is much 
ees and this may result in a decrease in velocity, 
3rownian motion being regarded as one of the factors 
ihat contribute to the sound velocity. 

(3) It is noteworthy, however, that the ediabatic 
sxompressibilities are quite normal in all these cases, 
yeing always less than that of water at all concen- 
rations and temperatures. 

(4) One more striking feature is that in spite of the 
anomalous variation in sound velocity a linear varia- 
ion of apparent molar compressibility with square 
soot of concentration is found in all cases as predicted 
by the Debye—Huckel theory. 

(5) The slopes of the apparent molar compres- 
sibility versus square root of concentration curves 
and the values of apparent molar compressibility at 
infinite dilution do not show any marked correlation 
with decrease in velocity with increasing conoentra- 
tion. , 

(6) On the other hand, these properties seem to 
be related more to the state of dimsociation of the 
electrolytes and the existence of complex ions. 

The above work was carried out at the Indian 
Institute of Science, Bangalore, India, under the 
direction of Prof. R. S. Krishnan, head of the Physica 
Department, and I thank him for his kind interest 
and encouragement. 

$ C. Q. BALACHANDRAN * 


National Research Comoil, 
Ottawa. 
® Post-dostorato Fellow on leave from the Central Bullding Research 
Institate, Roorkee, India. 


! Subrahmantam, 8. V., Wetwre, 188, 371 (1960). 

t Balachandran, O. G., J. Indian Inst. Soi, 37, 27 (1055). 
* Balachandran, O. G., J. Indien Inst. Soi., 38, 1 (1058). 
‘Barthel, B., J. Aceus. Soo, Amer., 28, 227 (1984). 


Perceptual Anomalies associated with a 
Single Contour 


Ix the course of an investigation into the basis of 


near-parallel lines, I have observed some striking 
phenomena which, together with some oonfirmatory 
testa that they suggested, indicate that a single 
contour can be sufficient to excite a complementary 


image. 

Two 300-W. projectors were focused on & screen 
at a distance of 1 metre. One of these, A, projected 
a plain bright field, while the other, B, projected a 
bright fleld with a black disk 10 am. in diameter in 
the centre. By means of a rotating circular mask 
with two 10° apertures on opposite sides, these 
images were „presented alternately, at intervals AB 
and B4, which oould be varied by raising and lowering 
the axis of the mask. When the time-interval 4B 
was about 30 per cent of the total cycle the following 
phenomena were observed. (1) Fine radial spokes 
extended about 3 om. inwards from the edge of the 
dark disk. These were sharpest and brightest at the 
circumference, heooming more diffuse towards the 
centre. There weré about 40 of tham when viewed 
at l metre ; (3) the disk appeared to be in continuous 
rotation of variable speed; (3) the disk gave the 
impression of slow continuous expansion; (4) the 

was rather brighter and the disk oon- 
siderably darker in the neighbourhood of the edge. 

When the interval AB was 50 per cent of the cycle : 
(1) the radial effects were broader in appearance ; 
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(2) rotation was seen as before ; (3) the disk remained 
constant in size; (4) the disk again appeered dark, 
but there-were no variasions in brightness towards 
the edge. ` 

“When the time-interval 4B was increased to 70 
per cent of the cycle: (1 The radial effects 
were now on the outaide of the disk and were described 
by most observera as soiky, but the disk showed 
diffuse internal rays. Again when vrewed at 1 metre 
the effecta extended about 2 om. from the edge; 
(2) rotation waa seen as before; (3) the disk now 
gave a compelling impreasion of continuous contrac- 
tion; (4) the background was muck brighter in the 
neighbourhood of the edge whereas tne disk appeared, 
uniform and considerabiy brighter than previously 
and was olive in hue. 

With simultaneous presentation >f A and B the 
disk was again of an olive shade and both this and 
its background appeared much brigater than in the 
other cases. Pattern amd movement, however, were 
soarcely visible. 

In all cases Fechner colours and ‘stroboscopic’ 
patterns’ associated with flashing ligat (but unrelated 
to the pattern of the disx) were frequently noticed. 

The phenomena were strongest for frequencies in 
the range of 15-25 cyclesper seo. but-persisted to some 
extent through the range of 5—40 ovcles per sec. 

Corresponding effecte were observed using a bright 
disk on a dark ground and using a single straight 
edge, and again when a negative of the disk pattern 
was substituted for the plam feld. 

The effecta were the same whether one or two eyes 
were used. The tation of the plain fleld to one 
eye and the disk to the other, Lowever, gave no 
comparable results. 

In view of the apperent relaticn between these 
phenomena and the complementary image, a series 
of teste were undertaken to find cut whether other 
methods used to evoke complementary images! might 
also be affective with a single cirou_ar contour. 

As might have been expectec, no convincing 
compl pattern was seen es an after-imago, 
though a few subjecte have reported a very faint 
radial pattern. A more-effective technique was found 
in altering the pattern brightnese oyolically about 
once per sec., when at times a radial pattern could 
be seen clearly. 

Simple stroboscopic ilhammation was also found 
to give unconvincing resulta with a single contour. 
When, however, flashing light waa superimposed 
on a bright continuous image, corrugations could be 
seen on the darker side of the contour. 

The movement seen in spatio-temporally random 


visual ‘noise’! appeared more erganized at the 
contour, this effect was rot comparable in 
magnitude to produced by >atterns of many 
Imes. 


Double fiash stimulation of tke type described 
above has also been found more effective in producing 
vivid and continuous complementery images of more 
complex patterns. The reason fer this is not yet 
understood. It seams, however, that any theory 
of the complementary image muss now account for 
its production at a single contour. 


J. P. Wirs0n 
Department of Physics, King’s College, 
University of London, 
Strand, W.O.3. 


1 MacKay, D. aL, Waters, 18C, 849, 1145 (1957). 
*SBmythies, J. R., Brit. J. Payoh., 50, 106, 25 (1050). 


138 


Ultra-Vid 
Moh 


aam.) 
© 
C2] 





NATURE 


ion Spectra of the 

HDO and DO 

sion. spectrum of liquid 
by various wor! H, 
m begins iħ the region 


h decreasing wave-length 
ement at 180 


erest in the photochemis- 
wave-lengths leas than 
as been re-investigated 
ıoleoules HDO and D,O. 
materials were measured 
igpek’ equipped with a 
wn. to 185 mu. 
195 mu, it was found to 
entire optical path free 


and D,O at 25° C. are 
sae ica aan aE rd 

The spectra of HDO 
ta of a 1:1 mixture of 


n coefficients of H,O, 

wave-length, and also 
endent on temperature. 
of H,O is in agreement 
work, but the value of 


180 190 


DO and D,O at 25° 0. 


July 9, 1960. io. 167 





185 186 187 188 189 100 
Ama) 


Fig. 2. Spectra af H,O, HDO and D,O at 50° 0. 


1-46 am.-! for e for water at 185 mp at 25° O. 18 higher 
than the previously reported value of 1:2 om. 
(ref. 8). This we consider to be due to the greater 
acouracy of the method and to the substantial 
correction for scattered light at this wave-length. 
The values for the absorption coefficients of HC, 
HDO and D,O will be of use in the interpretation of 
resulte of photochemical investigations of systems 

The observed dependence on temperature has been 
noted by Qolding’. We have investigated this effect 
in several systems in which hydrogen-bonding is 
known to be present. 

We have found that the dependence on temperature 
in such systema is much more pronounced than in 
those where hydrogen-bonding is not present, as the 
following typical resulta show : 


-Absorbing molecule Ama) TO. D (1 om.) 
220 3 0 186 
Methanol 220 25 0-253 
220 3 0-120 
Hexane x20 25 0-140 
Carbon tetrachloride 260 3 0-76 
Oarbon tetrachloride 200 25 0 Of 


We consider that the effect of temperature on or 
reported spectra oan be mterpreted m terms of the 
degree of hydrogen-bonding present. The presence 
of such bonds may lower the transition probability 
of the optical electrons. 

M. Ito’ has discussed a similar effect in the spectra 
of organio molecules. 


JACK Aaa 
A. L. Mansa 
Department of Sciance, 
Hatfield Technical College, 
Herts. 


1 Tsukamoto, Res. d'Optique, 7, 80 (1928). 

1 Kohler, General Hleciric Review, 80, 232 (1086). 

* Goodeve and Stein, Trens. Farad. Soc., #7, 803 (1931). 

í Kisvens and Platt, J. Amer. Ohem. Soo., 60, 8055 (1047). 
Pearse and Gaydon, ‘The Identification of Molecular Spectra’. 
* Golding, Watwrs, 186, 308 (1900). 

* Urey, J. Chem. Soo., 562 (1947). 

* Barrett and Baxendale, Trens. Fered, Soc. 56, 37 (1900). 

* Ito, J. Mol, Spec., 4, 106 (1960). 
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Drs. Barrett and Mansell imply that the ultra- 
violet absorption, of water reported by me? 
were due to failure to flush the optical peth by 

oxygen-free nitrogen. 

The normal spectrophotometric precautions for 
work in this difficult region were observed. The 
sample space and detector optios of the Beckman 
DEK? were scavenged with dry oxygen-free nitrogen. 
The monochromator of the instrument involves only 
one beam path, and the double-beam chopping is 
external to this unit. This monochromatar is mete 
sealed, and waa not flushed with 
effects of stray light, a E h 
were in ted. 

Stray light (inherent in the instrument) and 
scattered light (inherent in the solvent) may be 
ignored (leas than 1 per cent) below the followmg 
readings of optical density : 


186 ma 
Os 


188 mæ 
06 


100 ms 
14 


The bend-width can be kept to less than 0-8 mu 
down to 185 mp. By partially closing the sample 
shutter (equivalent to a fixed absorption), the devis- 
tion at the extreme end of the instrument from the 
fixed optioal density reading oan give a measure of 
the stray light figures, which are very dependent on 
the slit-widths aa shown at 185 mp. 


Band-width 
Gf woentage stray light 


195 ms 
2-0 


Jength 
Haxtmum optieal density 
for error < 1 per oent 


0-35 ma 0-42 ms Ome 0-7 ms 
1 6 14 30 
Flushing the instrument with dry nitrogen and 

bubbling nitrogen or hydrogen through the water 

sample for 12 hr. made no visible alterations to the 
spectrum. Reversing the sample and reference cells 
produced an exact mirror image of the spectrum. 

The spectrum did not come from the matched oells, 

since heating the reference cell to about 70° C. also 

had no effect on the spectrum. These precautions 
show that the water spectrum was real and not 
inherent in the Beckman DK2 or in the various gases 
in the water and the instrument. 

The water spectrum was shown to obey Beer’s 


Fano ene Se PEE ene meng eS nuries or 


Path-length (cm) denattios 
188-0 mæ ‘5 ma 191-0 mæ 
1 0-260 0-230 1-180 
2 0-520 0-460 0-360 
3 — 0-000 0 540 


Concentrated sulphuric acid has no peaks in this 
region, and on adding water to the acid the water 
peake suddenly appear. 

In-an experiment, two matched oells filled with 
water were placed in sample and reference beams, and 
the instrument gave a straight I, line. When solutes 
were Bdded to: the sample ocell, the reported water 

1 appeared, promoted by the presence of 
solute. This cannot be due to an instrument 
characteristic. 

An extensive investigation of the Beckman DK2 
double-beam spectrophotometer suggests that the 
water spectrum at 180 my is real. A more detailed 
paper will be published shortly interpreting the resulta. 

R. M. Gorpixe 
Dominion Laboratory, 
apartmen of Scientific and Industrial Research, 
Wellington, New Zealand. 


1 Neture, 198, $08 (1960). 
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CRYSTALLOGRAFHY 


Crystal Structure of 9 : 10-Cimethyl-1 : 
benzanthracene 


As part of an invest.gation into Deudel and Pull- ` 
man’s theory’ of the cannexion besween the carcino- 
genio activity of benzarthracene derivatives and their 
structure, we have made an accurate determmation 
of the structure of 9%: 10-dimethyl-1+2- 
benzanthracene. It is a potent oarvinogen, unlike its 


parent, 1: 2-benzanthraocene, the rtructure of which | 


Pe have toported prarandi, 

All X-ray data were collected from a good orystal, 
about 0-3 mm. on an edge, grown by cooling from 
amyl acetate. Basio data are: g = 7:62 b= 
8-62, o = 21:11, spaca group Pi,nb, Z = 4 'mole- 
cules/cell, dala = 1-33. (The «alternative space 
group Pmnb would lead to an impessibly high density 
unless all atoms lay in the planes v = 1/4, 3/4; this 
would cause the Okl, 2ki, 4kl, . . . reflexions to be 
essentially identical, and the 1, Skil, Skil, . 2. 
likewise. In fact these reflexions are similar but not 
identical.) Of the 1,647 indesendent reflexions 
observable with copper Ka radiation, 347 were 
photometered from integrated Weiseonberg photo- 

graphs, 1,184 were eximated by eye from 
Weissenberg photographs, and te remaining 166, 
which were too weak to measure, were given intens- 
ities of half the mirimum that could have been 
measured. No correct-ons for abserption were made. 





The approximate structure wes found from con- 
siderations of packing and by & few oritical 
reflexions. The refinement was dane 
using the programme NY XRl on the JBM 704 
to minimize the function R’ = Xwy(Pt — 
K| Fe]. All 1,647 reflexicns were included. 
The weights wy were seb equal temin. (1, 100/F9*#). 
The refined were K, plus v, y, s, and B 
for each of the 20 carbon atoms. The hydrogen atoms 
were included, but ware simply moved in conformity 
with the carbon skeleton. Table 1 and Fig. 1 show 
the resulta. The firal values ef the conventional 

R and K” were 185 per cent and 1,281. 
The average standari deviations for atom position, 
C_O bond-length, C-—-C-—O e, and tem 
ture factor B are 0-003 À., 0-O1LZ., 1-2° and 0-14 Å, 
` If the bond-lengths of the 28 5—O bonds are con- 
verted into bond orders by the wa of ing’s curve, 
it is found thas they range from. order 1-01, for the 
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Co-ordinates (A.) 
s Y s B 
L-8890 2174 2063 408 
2488 3-360 2558 473 
}O74 4305 1687 558 
$017 4185 03593 504 
. 856 1375 —3 600 568 
45 OIN 4115 679 
203-0001 —38 280 6 4 
403 —0-702 -1929 511 
865 0888 0008 3 69 
1 455 2779 —1 023 435 
: 408 208i —0 342 401 
027 1568 —2-179 437 
TIT O45? —1333 380 
O64 1-850 0023 8 54 
856 —068765 0918 4688 
8 3925 —2 559 66i 
101 13804 2913 453 
AT 174 427m 609 
657 2 816 4 782 670 
257 3632 39%% 608 
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ciated, their tetrahedral character is lost, and the 
protons lie midway between the oxygen ions. These 
conclusions are not ın harmony with modern ideas on 
the nature of molecular structure and of intermole- 
cular forces. 

We have built equipment for making the high- 
pressure ice polymorphs and extracting them for 
X-ray study, utilizing Tammann’s discovery that 
these substances can be held metastably at atmo- 
spheric pressure if maintained at lquid-nitrogen 
temperature. A small sample of water is confined in 
a cylindrical chamber closed by movable pistons and 
loaded by means of a hydraulic prese. The tempera- 
ture and preasure of the sample and ite volume can, 
be measured, and the phase transitions observed 

i as discrete changes m volume The press can 
then be submerged in hquid nitrogen, and the sample 
expelled, by means of the hydraulic press, into a 
liquid-nitrogen bath. 

From samples prepared in this way we have 
obtained both X-ray powder diffraction and smgle- 
crystal data. The samples under X-ray examination 
were cooled continuously m & stream of nitrogen gas 
at — 190°O. 

Our powder data for ioe Il and ice II disagree 
with MoFarlan’s data for the same substances. Our 
data for ice III are in fairly good agreement with 
MoFearlan’s data for ioe II, for the larger spacings, 
whereas our data for ice II correspond to neither of 
MoFerlan’s seta of powder data. Because of these 
disagreements, we have checked carefully the iden, 
tification of our 100 IT and ice IM samples. They 
satisfy all the conditions of formation, stability and 
metestability given by Tammann and Bridgman 
(with the exception of the fact that our ice II does 
not, in experiments to date, transform rapidly to 
ioe V on rising temperature). We have so far found 
no polymorph giving powder data in agreement with 
MoFarlan’s data for ioe II. _ 

Smgle-crystel data for ice II show that this 
polymorph is dimensionally cubic but symmetrically 

nal, with a ~ o = 6-80 A. The space group 
is P 4,2,2. The density calculated on the basis of 
12 molecules in the unit cell is 1-14, gm.cm.*, in 
satisfactory agreement with the value 1-13, gm.cm.+ 
obtained by extrapolating to zero pressure the ice OT 
density values determined by Bridgman over the 
range 2,000-3,500 atmospheres, and correcting for 
thermal contraction by aasuming that the average 
ion coefficient of ice IIT is the same as 
that of ice I over the temperature-range — 20° to 
—190° C. Oonsistent with the space group and 
density, no other number of molecules in the cell is 
poesible. 

On rotation and precession photographs, the 
intensities of 45 te reflexions bave heen 
meegured, in the region sin 6/4 < 05 A.-1. In addi- 
tion, 13 intensities on rotation photographs correspond 
to superimposed pairs of reflexions, the separate 
intensities of which cannot be assigned without 
upper-level precession data not at present available. 
61 additional reflexions m the region sin 6/4 < 0 5A 
have intensities too faint to observe. 

It is possible to build a reasonable structure for 
ice ITI by placing 8 oxygen atoms in general positions 
and 4 oxygen atoms in special positions, as follows : 


8 Oy in 8a: z, y,%;...; with xz = 0-095, 
yr = 0-30, sy = 0°20 


4 Op in 46: z, 2,0; ...: with ay = 0-392 


No, 4732 $ July 9, 1960 


The z and y parameters were also derived inde- 
pendently ean the A40 Patterson projection (13 
ind reflexions only), and refined roughly by 
means of the (001) Fourier projection. Without 
systematic refinement of the parameters on the basis 
of the three-dimensional data, the overall agreement 
of calculated and observed intensities is good enough 
to indicate that the structure is correct. The residual 
R = Ziv iFelt— yiFoltiEv [Felt is 0-36 for 
the 45 obeerved reflexions. The calculated intensities 
of 13 reflexions chosen, at random from among those 
unobserved, are all weaker than the limit of observa- 
tion. 

In the ioe III structure, each oxygen atom is 
surrounded by four others at distances of 2:73- 
2-90 À., and the oo-ordination polyhedra are approxi- 
mately tetrahedral. The Or oxygen atoms form four- 
fold spirals parallel to the c-axis. These spirals are 
linked together by the Oy atoms, each of which forms 
bonds to Or atoms in four separate spirals. The 
arrangement is satiefaotorily i in terms of 
hydrogen-bonding, and the tetrahedral character of 
the water molecule is approximately retained, no 
hydrogen bond deviating by more than 15° from & 
tetrahedral direction. 

The arrangement of oxygen atoms in ice IIT is very 
similar to that of the silicon atoms in silica K (keatite), 
a recently disoovered4 high-preasure polymorph of 
8iO,. It is interestmg, and certainly not unexpected, 
that the structural relationship between the mlice 
and ice polymorphs, already known for ice I— 
“tridymite and ice lo—oristobalite, should be found to 
extend to the high-pressure forms. The tendency for 
the 8i—O—Si bond angle in the silica polymorphs to 
be sbout 140° should, however, lead to a destabiliza- 
tion of the ing ioe polymorphs, in which 
the hydrogen bonds would be bent. 

This work has been supported by the National 
Science Foundation. The detailed experimental 
methods and resulta will be published elsewhere. 

W. Barnotay Kap 
BANKAR K. DATTA 
Division of the Geological Sciences, 
California Institute of Technology, 
1 Tanman, G., ee eee ee 
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CHEMISTRY 


Excited Electronic States of 
Lithium and Scdium Molecules 


Tua electronic spectra of the alkali metal molecules 
are of interest for several reasons: for example, 
(1) Li, 1s sufficiently sumple to be the subject of 
quantitative wave-mechanical caloulations!.*, and 
(2) these spectra may be expected to be somewhat 
amnilar to that of ‘“H,, for which reliable analyses of 
many systems are now available’‘. Furthermore, 
the excited singlet ungerade states of the alkali metals 
are readily accessible, since they may be observed 
in combination with the ground states at à > 2300 A. 
It is therefore surprising that for Li, and Na, only 
the lowest excited amglet states, A E+ and B Ly, 
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have been well characterized’: several systems at 
shorter wave-lengtha Lave been r«ported’.*, but the 
vibrational analyses of some of these are uncertain, 
and only for the system OX of Na, has a rotational 
analysis been attempted’. 

We have now examined the O—X systems of Li, 
and Na, using photographs taken in absorption in 
Got and tied onlara repectivaly at's 6 Tae 
spectrograph. Previous vibraticnal analyae are 
confirmed, but Fotaticnal analysis of some twenty 
bands of each system shows that “he states of 
both systems are in fact both *IL presumably, 
since the O0—X systems appear © be quite strong, 
1D) y. The earlier rotational anatysss’, which led to the 
conclusion that O(Na,) was !Etu, B incorrect. 

At wave-lengths sharter than the C—-X systems, 
there are many further bands, and rotational analyses 
of several of these have also bem made. A long 
v’ = 0 progression established th- vibrational num- 
begog isha Dee stem of Na,- this again proves 
to be Iy — !Ety Li, the D—X system 18 also 
Iu — Ep but it has not yet uroved possible to 
determine an unamb‘guous vibrational numbering 
for this system. The present resucts are summarized 
in Table 1. 


State Te oe Sette Be 10° ae 
Lh Dle 434140 ~ 205 = 465 = 

Oe 30,549 237-0 £33* 0:5075, 96t 
Na Ds 83,440 no G5 01185 1 

O ‘Hu 20,393 1173 CS, O18 0% 


* + C 060 
EES ba 


The energies of dissociation of these states are of 
considerable interest, and in the case of the O states 
of Li, and Na, quits definite lower limite can be 
given. Considering first Li, tle state B ‘Dy is 
known to correlate wish Li(2s) +-Li(2p), so that the 
lowest excited atom vair to give O'lly is Li(2p) + 
Li(2p), with a = 29,308 cm.. Taking* D,” (Lis) = 
9,185 om., D,’(O) > 8,445 om.. By analogy, 
-however, with the absorption mectrum of H, it 
might be expected that the strong absorption systems 
of Li, would be (2scynpry) 1I — Etg, so that rt is 
perhaps more probable that stats O correlates with 
Li(2s) + Li(3p), with D4 = 30,935 om. If this is 
80, D’,(O) = 9,560 om.-?. In erther case, the energy 
of dissociation in state C is not very different from 
that in the ground stete. 

For C 10 in Nay, the lowest pesible stomic states 
are Na(8s) + Na(8di, with Hy = 20,173 om. 
Thence, witht D,’(Na,) = 6,215 om., D(0)> 
5,995 om-!. However, it seams more probable that 
what is observed here is 4 pry i carved At ee 
pertly forbidden transaction Bary In the 
former caso, Ba = 39,270 cm}, a DO) = 7,000 
omn. 

It is more difficult to reach e definite conclusion 
ebout the D Iy state of Na,. Bands may readily be 
followed up to p’ = I3 at about 34,840 om.-! above 
the minimum in the ground-state but this is not high 
enough to rule out the possiKility that O'y 18 
(380, + 3dra) and that D is (880, + 4pnx). If, 
however, it is accepted that the 3orrelation for state 
E Ue a a ee ee oe correlated 
with (Ssog + Spry), ve D (D) = 7,815 om~. 
In this case, states B. O, "0, D m e Ardbeg serine of 
states (Sscgnpry)'ily, and we may obtẹin an approx- 
ictal value for the ionization >otential of Na, as 
‘ollows : 


Ne 
p 


Initial potential 
i 40,610 
‘ 39,313 
i 39,300 


(Na,) ~ 89,300 om.. 
&) = 41,450 om.-}, this 
T than D(Na,) by about 
At first sight, this is a 
, 8&8 Prof. Coulson has 
calculations’ indicate 
i, by about 1,200 om.-}, 
: R. F. Barnow 
N. Teave 
0O. V. WRIGHT 
y» 
i 
an 32 (19658). 
(1968). 
37, 636 (1950). 
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Such a relationship has been shown to exist for a 
number of molecules (for example, Bellamy, ref. 6). 
It is evident from consideration of the 
shifts on liquefaction that the value of K is different 
even for the same group in different molecules ; this 
is presumably connected with the way in which the 
interaction energy is distributed among the degrees 
of freedom as well as with differences between the 
force constants of the bonds. 
If equation 2 is found to be generally valid, the 
mucH-discussed question of what rtion of the 


shift is attributable to non iflo inter- 
actions can be considered in terms of extent to 
which pure energy contributes to the 
stant hate an of mixing. 


R. 8. Noosa 
The Distillers Co., Ltd., 
Research and Development Department, 
Great Burgh, Epsom, Surrey. 
1 Oaldow, G. L, and Thompson, H. W., Proe. Roy. See., A, 884, 1 
(1900). 


a ia ja and Willams, E. L., Proo. Roy. Boo., A, 955, 22 


* Bellamy, L. J., and Wiltems, E, L., Treas. Farad. Sos., bë, 14 (1950). 
1“Internationel Orttical Tables“ (MoGraw-Hill, Now York, 1029). 
* Brown, L, e Austral, J. Ohem., 10, 417 (1957). 


Two Highly Selective Solvents for Gas- 
Liquid C re repy on Analysis of C,-C, 


ne cinta nears 
stationary liquids for gas-liquid chromatography at a 
column temperature of 80° O., it was found that 
dimethyl sulphoxide (CH,SOCH,, b.p. 188° ©.) and 
sulpholane (tetramethylene sulphone, (CH,),80,, 
b.p. 284° C.) are very suitable for the analysis of 
complex C,-O, hydrocarbon mixtures. Under the 
conditions used (see below), columns charged with 


[n 
at 
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firebrick. a lactis with these solvents have the 
following 

(1) Compounds of ‘closely similar boiling point but 
different molecular type show widely different reten- 
tion volumes. Relative corrected retention volumes 
(n-paraffin = 1-00) for (hypothetical) compounds 
with b.p. 80° C. are given in Table 1. For com- 
parison data on the solvents dimethylsulpholans and 
squalane have been included, and retention volumes 
for one type of chlormated compound are given. 




















Table 1. Batasiys Coxnporap Rararrioy VoLUmm@s yor COM- 
POUNDS wrrH b.p. 30° 0. 
r 
Bolveni 
Hogi 1- | Sulpholane | Dmmethbyl- | Squalane 
pane pat yl- 
R,2-Di-mo- 
alkanes 08 0'88 0 81 0-06 
2-mes-alkanes 09 0-05 0-88 100 
A Ticanes (1 00) (1-00) (1-00) (100) 
1-Alkenes 20 2-1 1-7 100 
trene-2-Alkenes 24 2:1 1:8 100 
2-me-1-Alkenes . 2-45 24 19 1-00 
ete-2-ATioanes 2-5 2-5 19 1-00 
Tea 2:5 a4 19 1-8 
1,%-A radions 65 59 3-7 1-00 
1-O-alkanes 110 11-7 6-4 0-77 
1-Alkynes 15-8 11-7 6-4 0 6 








(2) The separation efficiency is high. In the range 
eof relative corrected retention volumes (n-butane = 
1-00) up to 10-0, the average height equivalent to a 
theoretical plate is 1-5 mm. for dimethyl sulphoxide 
and 1-7 mm. for sulpholane (sample size of gaseous 

component < 0-1 mL). 

As a result of these two properties, the following 
compounds having closely similar boilmg points are 
completely separated : ethane—sthylene—nitrous 
oxide—carbon dioxide—acetylene, and Taia 
butene. The resolution of ote air (b.p. 
60-3° 0.) and 2,8-dimethylbutane (b.p. 58-0° O.) is 
nearly complete and comparable to that achieved 
teoquinoline?, 

(3) Owing to the low solubility of paraffins and 
olefins, the time of analysis is short. Com 
mixtures of hydrocarbon gases up to and includi 
ots-2-butene oan be analysed in 25 min. A complete 
seperation of the 13 paraffins from methane to 
n-hexane is effected in 85 min. 

(4) The solvents do not react with unsaturated 
compounds. When acetylenic compounds with active 
hydrogen atoms are determined, however, glass or 
stainless steel tubing is required as they react with 
copper in the presence of dimethyl sulphoxide. For 
sulpholane, copper tubing oan. be used. 

(5) The volatility of dimethyl sulphoxide is not 
negligible, which causes retentions to decrease 
gradually. From the vapour preesure at 80-0° O.? it 
is caloulated (for conditions specified below) that 
about 1,000 L of carrier gas are ired to make the 
loss of wei Recreate nr ectabgee apie 
cent. As liquid phase is mainly stripped off in the 
first section. of the column, a regular replacement of 
this sectian will dispose of this problem. The operat- 
ing conditions were : 


Dimethyl Saipholane 
Cobimn kngth 14-4 ea 18-0 
Internal diameter iiss ik, 20780 
Feet mie solvenifsolid support 
flow-rate sgue 
Colum temperature (air bath) w 0° +0-1°0, 
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The commercial solvants were dstilled before use ; 
the colourless producte had the following properties : 


Dimethyl sulphozide Bulpbolans 
pitts 61° O. at 6 mm. Ineroury 108 4° O. at 31 mm. mercury 
wating pont 1s°O. : aro. 
TA 147475 148168 
(goju) at 1 -0003€ 1 26120 


Thanks are due to Dr. Q. W. A. Rijndera for his | 
interest in this invessigation anc to Messrs. J. D. 
Kommer, H. J. Bogaard and N. v.d. Hoed for théir 
co-operation in the experimental work. 

A. VAN DER WIL 
Koninklijke/Shell-Laboratorium, 
Amsterdam 


April 20. 
1 Flatkis, A, Anal, Chom., 59, 332 (1058). 
2 Douglas, T. B., J. Amer. Orem. Sec., 70, TIOL (1043). 


Gas-Solid Chromatographic Separation of 
Hydrocarbons of High Molecular Weight 


Tas deactivation af highly active polar sites on 
activated alumina wish water to give a pati 
cohamn for the gas chromatographic separa- 
tion of OO, hydrocarbons at roem ture has 
been 1, An extension of this has shown 
that alumina can be similarly deactivated with inor- 
ganic bases and salts added in aqueous solution, the 
water being removed by subsequant heat treatment. 
At low degrees of deaxtivation, retention volumes for 
aromatic bons can be varied relative to 


required (~100 ugn) to obtain a reponse from 6 
flame-ionization detestor suggests that considerable 
irreversible adsorption takes place. The most promis- 
ing application appeass to be at the highest degrees of 
deactivation (lowest activity-levela, when irreversible 

ion is much reduced) for tke separation of high- 
molecular weight hydrocarbons. 

Fig. 1 shows the separation of Ous-Ons n-paraffins 
using an alumine (i-ttial surface area 180 m.*/gm.) 
preheated for 70 hr. æt 750° O. tc reduce surface area 
and to which was added 40 per cent by weight of 

Fig. 2 shows the s3paration o? Oyy-Cys -paraffins 
on the same column with the temperature ranging 





1 a 
Led s o 


1. Pe mente dee Oolumn 
106 parts” weight sicmins + 40 Tari by weight odin 


dimensions, 3 ft. cee ee 
a ar eats yee, FORD a a St eke 
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Fig. 2. Separation; 
column tent 


from 820° to 39C 
base-line drift is h 

















Detal as Fig. 1, bat 
ban 320° to 890° O. 


priod of 20 min. The 
e detector with ohange 
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as roA EEE 


i that the combination 
and high temperature 
r rapid separation of 
0. G. Soorr 
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3 x 10~* amp. 








Tıme (min.) 
Fig. 1. Chromatogra: Hon oE DO- nee 
ls, as Bp. ant plat tn Danses benzene, Oolunm 


androstan-3,17-d one ; 


' An alternative to the use of non-polar phases lies 
i and retention 


ethylene 
polyester (E. I. du Pont de Noo Inc.). The 
column packing was prepared by a solution tech- 
nique” with a 10 per cent chloroform solution of the 
polyester and 60-80 mesh acid-washed ‘Celite 545’. 
The coated ‘Celite’, containing 20 per cent (w/w) of 
stationary phase, was vibration-packed in a glaas 
U-oolumn (100 om. x 2 mm) and was conditioned 
briefly at 200°. A Lovelock argon ionization detector 


TOK pee oe ee ee 
is shown in Fig. 1 within a temperature- » 
range of 220-280°, with argon flow-rates of 80- 
100 ml/min., showed column efficiencies T 
1,800 theoretical plates. No separation was 
for ben gap methyl ether and aletan] methyl 
ether in any circumstances, but androstáne-8,17- 
ae ad Ai androatons. 8,17-dione had widely 

different retention times. There was no evidence of 
decomposition of any of these compounds ; but this 
point must be studied in greater detail and particularly 
with respect to derivatives of substituted. 
The thermal stability of the column 
was relatively good; thero was almost no ‘bleed’ at 
200-220°, and thermal breakdown required several 
days at 280°. 


1 x 10°" amp. 
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an array of fatty acid esters separated on an 
glycoltsophthalate polyester colunm. The co 
fay be useful for examinstions of mixtures of very 
since the C-24 level may be 


letely methyl stearate 
and methyl oleate (oleate/stearate separation factor 
= 1-07). 

For steroid separations, as with fatty acid esters, 
it is likely that both non-polar and polar phases will 
find specific applications. The present investigation 
provides an example of a polar phase suitable for 
steroid work. 


E. C. Horxnoxe 
Laboratory of Ohemistry of Natural 


Producta, 
National Heart Institute, 
Bethesda, 


and Landowne, 

alsa ta Lipsky, a kant ii e 
t Orr, 0. E, eg aiT BL, J. Amer. Chem. Soo., 80, 249 (1958). 
"Craig, E. X., and Murty, N. I., Canad. J. Ohem., 38, 1207 (1988). 


Analysis of Solubility Data to estimate 
Smali Amounts of Chain Fracture during the 
Cross-linking of Rubber 


Ix a communication' on methods of estimating 


relationship derived by Charlesby and Pimner’. 
This relates the aol fraction (S) after dose R with the 
fracture and cross-link denatties (p and g, respectively) 
and includes as a parameter the number average 
degree ‘of polymerization before irradiation (u). This 
relationship (1) applies only for a polymer with 
a random molecular weight distribution and for the 
case where fracture and cross-lmking are random 
and proportional to the dose. Hayden? has recently 
reported results which apparently do conform with 
this relationship. These are now contrasted with our 
previous results in order to emphasize same limitations 
concerning the genéral utility of this method for 
estimating small ratios of fractures to cross-links. 


S S} = pg + (uk) J (1) 


Most of our samples of rubber were taken from 
the same source as Hayden’s and ap 


e ne 0 es 
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M=337 x10" 


Heyorn's Results (Lnear to ca AIS #341 3) oH 


03 


05 
BReotprocal of radia tion~dose In 3Lrads (R~) 


et cae ne 
irradiated 


rabbena with eao 


pecine D Dose-rate of order 
10* radaj/min, Af values repessent mumber average molecular 


Tes cai EIEE E a Baden se obtained OEE 
at higher doses which. do not l® on a straight line, 
but instead curve towards the horizontal axis. In 
these circumstances the significance of Hayden’s 
linear extrapolation fom his ræalts to the S + St 
axis and his estimatDn of the ratio of fracture to 
oroas-links, pg-!, as 0-5 is open to doubt. 

The discrepancy between our results and 
oe ee ee 
such samples of rubber do not heve a random soins 
cular weight distributbn‘. This in, of course, generally 
the case for most samples of polymer, and it is signifi- 
cant that similar anabpsis of solubility date has usually 
been applied to estimate relatively high values of 
pq of about 0-3. In such cases a -andom distribution 
might well be farmed = raniom fracture durmg 

and relatianship (1) would then be applic- 
able to solubility measurements made after sufficiently 
high doses. The average number of fractures per 
initial molecule may bs calculated from the expression 
6-25 x 1017 ROM V-1, where 3(F) is the number 
of fractures for a dove of 100 67., equal to 0-04 in 
Hayden's experiments, N the Avogadro number, and 
R and M are as dened previcusly. Then in the 
dose-range of from absut 0-8 to 1E M.rada, in which he 
found a linear relationship between S + St and R, 
the corresponding average number of fractures per 
molecule would oniy be 0-02-0-43. This call 
amount of fracture would have ralatively little affect 
on the molecular weght distribation® and therefore 
Hayden’s rubber, uclike ours, vither approximated 
to a random distribution befars irradiation or his 
interpretation of th» intercept obtained by linear 
extrapolation is unjcstified. Current measurements 
indicate that the first of these altarnatives is unlikely. 
For example, a rubbar of number average molecular 
weight 5 x 10° had a ratio of weight to number 
average molecular weighte closr to 1 rather than 
to the value of 2 characteristic of a random 
distribution (Allen, P. W., erd Bristow, G. M., 
unpublished work). 

In summary, we hasize that in order to estimate 
small values of pg Toa aclabliby masrana 1 
is important to obtain date after sufficiently high 
doses and also to corsider whether the assumption, of 
a random molecular distribution is justified 
in order that rela=i p (1) may properly be 
applied. 

Samples were irradiated at Wantage Radiation 
Laboratories (Atomc Energy Research Establish- 
ment) and we thanE Dr. R. Roberts and members 
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search Association, 
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rs, 183, 1547 (1050). 
. Boy. Soc., A, 240, 367 (1950). 
} 
Oolymar Soi., 98, 205 (1958). 


Radiation on Natural 
k (1058). 


‘acrylic Acids 

the B-formyl-, B-acetyl- 
were investigated by 
ra-violet and infra-red. 


i d to comprise the a- 


regard to ote-trang 
lic structure for the 
xd spectra (in the case 
the nuclear magnetic 
» following structures : 


5° O.: trams 

p. 98-101" 0.: ayele, ois 
vompounds (1) and (3) 
d (4) had a maximum 
(he former had, how- 
T ab 240 my, which 
i to a maximum at 
on disappeared. With 


st 245 mp @ Maximum 
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or a shoulder appeared at about 320 mu, indicating a 
Ketonic group. Thus, the ring in these cases should 
be opened by neutralization. Now, the compound (5) 
has shown the same behaviour. 

Regarding the oyclic formula one could expect 
compounds with this structure to have acidic proper- 
ties, and therefore it seamed worth while to compare 
these two categories by means of titrations and pH 
determinations. Fig. 1 gives in short the results ; 
curve (a) refers to the cases (1), (8) and (5), that is, 
the oyolic ois structure, and curve (b) to the 
cases (2) and (4), that is, the (open) trans structure. 
Evidently, this seams to be a complementary method 
for determining the structure, and it follows that the 
pK, values about 5-5 and 3-5 respectively charac- 
terze the curves. Back-titration gives the same 
curves. As from the ultra-violet spectra it must be 
concluded that the ring opens upon neutralization, it 
evidently is—if not instantaneously but very rapidly 
—closed upon acidification. Thus, it seems evident 
that the maximum at 345 my refers to the open ots 
form, which has been proposed previously. 

A further report, also including nuclear magnetic 
spectra far these compounds, will be given elsewhere 
with a more detailed discussion. 

Nos Herreredm 

Instrtute of Organio Chemistry, 

Royal Agricultural College, 


1 Hellstrom, N., Ana. Roy. Agro. Coll, Sweden, $3, 207 (1055). © 
* Hellstrém, N., Feature, 179, 580 (1957). 

* Hellstrém, H. N. E., Ann. Roy. Agric. Coll, Sweden, 33, 519 (1057), 
4 Hellstrém, N., Ada Agric, Scand., 8, 285 (1953). 

* Hellstrom, N., and Gronowitz, 3., Amn. Roy. Agric. Coll, Sweden, 


85, 863 (1059). 
' Jons, H. B. Shen, T. Y., and Whiting, I 0.,.J, Chom, Botu 


E, A 
48, 768, 708 (19521). , 
! Buchta, H, and Batzinger, G., Chem. Ber., OR, 449, 468 (1059). 


BIOCHEMISTRY 


Occurrence of Keto-Acids in Blood Serum 
and Urine of Cattle in Comparison with 
Man, Horse, Sheep and Dog 

Ix connexion with metabolio disorders occurring in 
cows, such as parturient paresis and acetonemia, an 
investigation concerning the keto-acids occurring in 
blood serum and urine was started. Several authors 
have carried out work in this fleld concernig man. 
Keto-acids are converted into 2,4-dimitrophenyl- 
hydrazones, after which they are by means 
of paper chromatography. The 2,4-dinitrophenyl 
hydrazones are reduced. by hydrogen to amino-acids 
and identified as such. In this way Cavallini ef al.', 
El Hawary and Thompeon", Markees’, Biserte and 
Dassonville‘ and De Schepper et al.* showed that the 
following a-keto-acids occur m human blood : eae 
glutario acid, pyruvic acid, a-ketotsocaproio aci 
a-ketoisovaleric acid and a-keto-fB-methylvaleric acid. 
Moreover, it was shown that pyruvio acid predom- 
inates in human blood and «-ketoglutaric acid in 
human urinet. 

Applying De Schepper’s method’ the keto-acids of 
bovine serum were converted into 2,4-dmitrophenyl 
hydrazones and ted by means of chromato- 
graphy, a8 well as electrophoresis combined with 
evaporation at 6 V./om. at pH 11-7. After reduction 
with hydrogen and platinum oxide as a catalyst, the 
amino-acids obtained were examined both by electro- 
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Table 1. A OOMPARIBOX OF THE KETO-ACIDS IN BLOOD AXD Unoem or Currin, Sauar, Doe, Horsa ap Maw 
































phoresis at pH 4-7 and by two-dimensional chromato- 
graphy in different solvents. The following amino- 
acids were formed : aspartic acid, (in amali quantities), 
glutamic acid, alanine (much), valine and tso-leucine, 
‘-aminobutyrio acid and glycine. From this it follows 
that besides the keto-acids mentioned before, succinic 
semialdehyde and glyoxylic acid occur in bovine 
blood as well. 

As succinic semialdehyde, so far as we know, has 
not hitherto been found to ocour in human blood, and 
glyoxylic acid only occasionally‘, identical experi- 

ants were made with human serum. It appears 

Grice a contaitis, busciiic saniaiiahyds. as well As 
glyoxylic acid. Bovine urine, after preliminary puri- 
fioation, was investigated in the same way. The 
moet striking result was the high content of glyaxylio 
acid. Moreover, bovine urme contains oxaloacetic acid 
and succinic semialdehyde. As the observations 


made by Biserte‘ on human urine were different, the 


latter Was examined in the same manner. It appeared 
that now. a-ketoglutaric acid showed the highest 
value, followed by pyruvic acid and finally succinic 
semialdehyde, oxaloacetic acid and glyoxylic acid. 
These .resulta are in accordance with Biserte’s 


As there was this remarkable difference between 
the contents of giyoxylic acid in human and bovine 
urine, the serum and urine of a few other animals, 
namely, sheep, horse and dog, were examined. The 
results are shown in Table 1. The intensity of the 
spots, eoloured by interaction with ninhydrin, of the 
amino-acids produced by reduction is indicated by 
the number of + signs. 

From Table 1 it appears that the serum contents of 
keto-acids in man and in the various animals show 
only slight differences; the urme, however, varies 
considerably. 

This investigation has shown that: (a) Human 
serum and urme contain suocinio semialdehyde in 


horse and dog contains the same keto-acids as human. 
serum, and in almost the same quantities. (c) Bovine 
and sheep urine contains, compared with human 
urine, 4 far greater quantity of glyoxylic acid, whereas 
the latter contains more gq- ic acid. 

Details of the methods used will be published in 
full with the resulta of-an investigation on the keto- 
acids in the rumen of cattle. I am greatly indebted 
to Miss W. Klazinga and Mr. H. Vreman and Mr. C. G. 


van der Kamp for experimencal assistance and 
Mr. W. D. Brands for making the necessary equip- 
ment. 
C. J. Q. van DER Horner 
Laboratory of Veterinary Biochemistry, 
State University of Utrecht. 
Biltstraat 172, 
Utrecht. 


1 Cavallini, D., and Frontali, N., Weters, FM, 702 (1049). 


air ieee 8., and Thompeon, B. E. 8., Btoohem. J., 58, 240 


* Markees, 8., Biochem. J., 56, 703 (1954). 
‘ Biserto, G., and Dessonville, B., CHa, Chix. Acta, 1, 40 (1056). 


* De , P., Parmentier, G., and YVanderhaegho, Blookt: 
DOPER “dois, a, S07 GOSS). a Gi 


Formation of a New Metabolite of 
Epinephrine and Norepinephrine in Liver 
and Kidney 


Is previous work it was focnd that after the 
injection of norepinephrine and spinephrine in rata, 
a new metabolite of these compsunds was excreted 
in the urine’. Axelrod et al." have isolated recently 
from the urine of rate a metabolit» of epinephrine and 
norepinephrine, which they hare identifed as 3- 
methoxy-4-hydroxy phenyl glyocl. We have found 
that after the intravecous infusior in cate of a mixture 
containing both norepinephrine-7H and epinephrine- 
1-10, a aimilar compound was found in the liver and 
kidney of this anima. 

In these experimenta, 10 ml. of 4:5 x 10 M 
solution of norepinephrine-7-*H and epinephrine-1- 
MC with a *H: “O activity ratio af 5: 1 were infused 
during a period of 30 min. into the femoral veins of 
untreated cate and cats with iproniasid 
phosphate. At the end of the infusion period the 
animals were killed and the organs were removed and 
quickly frozen. The tissues were homogenized in 
salme and then dep-zoteinized by the addition of 
0-4 N perchloric scic according io the procedure of 
Ake Bertler et al.*. The water layer at pH 3 was 
extracted four times with ethyl acetate. This ethyl 
acetate fraction waa then chromatographed in 
chloroform—acetic acid-water 2:1:1) overnight. 
The run-off was then chromatog-aphed in tsopropyl 
alooho ammonia—water- (8:1:1) over a 
period of 12 br. In this procedure 3,4-dihydroxy- 
mandelio acid remained on the paper in the chloro- 
form-acetic acid-water system and” the run-off 
contained 3-methoxy-4-hydrorymandelio acid. 


a 


TN 


HYDROXYMAEDELIO 
Frou Liver ayy K. 





mandelic acid 





1 Axelrod, J., Kopta, 
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Tazid the final chromato- 
,and kidney extracts 
seence of 8-methoxy-4- 
her radicactive peak. 
as found to be greater 
axy-4-hydraxymandelio 
oniazid, however, these 


‘emonstrated to behave 
it was extractable into 
3 phase in the pH range 

ily acetylated and 


pound is formed from 


noe acid. 
viour of the neutral 


'8-Methoxy-4-hydroxy- 
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8-methoxy-4-hydroxy- 
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Levels of Pyridine Nucleotides in Liver 
Poisoning 


Gallagher and Simmonds! have shown that rate 
against the lethal effects of carbon 
tetrachloride by prophylactic treatment with pre- 
cursors of pyridine nucleotides. Such treatment was 
found also to protect against the loss of pyridine 
nucleotides from liver cella and to prevent necrosis 
of liver ocells after dosing with carbon tetrachloride!.*. 
Rees, Spector and Sinha‘ found that the administra- 
tion of ‘Phenergan’ (10-(3-dimethylamino-tesopropy]) 
phenothiazine hydrochloride) to animals poisoned with 
carbon. tetrachloride protects the liver cella against 
necrosis. In the present investigation we examined 
the effect of treatment with ‘Phenergan’ on the 
pyridine nucleotides of liver cells in carbon tetra- 
chloride poisoning. The work was also extended to 
other liver poisons such as thioacetamide and dimethyl 


Table 1: Mrsct oF ‘PHEwenGAN’ ON THN LEVELS OF PYRIDINE 
Nvctsorioms om ram Liver mt Bars POMOKED wire Cunsox 
TETRACHLORIDE 


Treatment Bue absorption 
NU 1-26 
i 1-40 
Carbon 0-65 
Carbon , . 


tetrachloride + “Phenergan’ 1-13 
25 mi yigm, bodyweight). dema wa at 0 and Oke 
elas poisoning Gs mgm. and 12-5 body -weight 
respectively). The ts to 10 mgm. 
ic ee ee 


° 
Table 1 shows that the administration of ‘Phener- 
ae vs eg ae fal in the wel of Sais 
ly in o; idi 
nucleotide which followed the action of carbon tetra- 
chloride alone. As was shown by Rees and Sinha 
(ref. 5, and unpublished work) the hepatotoxic 
agents carbon tetrachloride, dimethyl nitroaamme and 
thioacetamide lead to a different chronological pattern 
ar liage of liere agaa pr an ak 
Consequently we determined level -of pyridi 
pre bea the liver and the serum st -different 
times during the course of poisoning to determine the 
time relationships of is. change . ` 
Table 2 abows that as early as 5} hr. after the 
administration of carbon tetrachloride there is a 
considerable fall in the E.e, of the acid extracts of 
liver homogenates, but at this time there is no fall 
in the mitochondrial Bye. However, 10} hr. after 
administration of carbon tetrachloride the mito- 


Table %. Iavas oF PYRIDION NUCLEOTIDES OF Liver AWD BERUN 
FOLLOWING Pormomme oF BATS WITE OARDON TETRAOILORIDA, 
TRIOACETAMIDE PrROGAMIND 


mm _ 126 0-85 ou 
Carbon tetra- 5s 0-97 0-85 on 

is 108 0-62 0-34 — 

20 0-78 0:33 — 

Thioacetamide 54 1:30 0-64 ~ 
9 = Ee 0-62 

10°5 1:17 0-50 <= 

% iO O 8 T 

Dimethyl 5-5 : — 
9. = = 0-06 

aera: 10-6 0-86 0-39 — 

0-68 0-40 — 
Rats wero dosed with tetrachloride, 1-25 body- 
weight ; 200 mgm./kgm. h dimethyi 
Bigeye EET, TN eet awa 
1 mgm. or the mitoohoudrta and mol. of earum. In all 
canes of the tiute- was mada with 5 ml. 5 per cant wiv 
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chondrial-levela had also fallen. This is in good 
agreement with the data on the leakage of enzymes 
from the liver in carbon tetrachloride poisoning. 
Reed and Sinha? have shown that at 6 hr. there is 
loss from the liver of cytoplasmic isccitric dehydro- 
genase and malic dehydrogenase and that the loss 
of mitochondrial enzymes occurs later, at about 
12 br. Consequently it appears that the initial effect 
of carbon, tetrachloride is on the oell membrane, 
leading to a leakage of cytoplasmic constituents, and 
that mitochondrial damage occurs later in the course 
of the poisoning. In the case of thioecetamide 
poisoning, no fall in the Hy., of either liver homo- 
genates or mitochondria is observed during the 
20-hr. course of the poisoning (Table 2). This is in 
contrast to the enzyme leakage fram the liver cells 
and mitochondria, and suggeste that the effect of 
carbon tetrachloride and thioacetamide on semi- 
permeable membranes may be different. Finally, 
dimethyl nitrosamine does not affect the H,,, of 
either the liver homogenate or mitochondria at 5} hr., 
but the Hs., of both is depressed by 10} hr. (Table 3). 
This with the observed time relatian- 
ships of the leakage of laamio constituents 
(Rees and Sinha, unpublished work) but indicates 
that pyridine nucleotides are lost from the mito- 
chondria st a time when glutamic dehydrogenase 
is not leaking. This again suggests a type of damage 
to the semi-permeable membrane different fram that 
occurring with the other two poisons. 

Measorement of the serum E.s, values at 9 hr. 
qTable 2) after poisoning with each of the above 
agents showed that there is a rise in the E, following 
carbon. tetrachloride poisoning, no change in the case 
of thicacetamide and a smaller rise in the case of 
dimethyl nitrosamine. These results are in good 

ent with the levels of pyridine nucleotides in 
the livers of animals poisoned with each agent. 

This work has shown that treatment with ‘Phener- 
gan’, like pretreatment with precursors of pyridine 
nucleotides, maintains normal levels of pyridine 
nucleotides following carbon tetrachloride poisoning. 
However, it is probable that whereas the pyridine 
nucleotide precursors maintain this level by stimulat- 
ing replacement of the nucleotides lost as a result of 
carbon tetrachloride poisoning, ‘Phenergan’ appears 
ee bee ere ee eek ae Ore aie nunc: 
tides and of enzymes acroes the mitochondrial and 
cell membranes. 

This investigation also shows that the loss of pyri- 
dime nucleotides from liver cells subsequent to carbon 
tetrachloride poisoning is an early event im the course 
of the poisoning and ia not simply a result of necrosis 
of liver cells. The results with dimethyl nitrosamine 
and thicacetamide indicate that the three hepatotoxins 
have different effects on the semi-permeable mem- 
branes. In the case of carbon tetrachloride there is a 
loss of cytoplaamic and mitochondrial enzymes as 
well as lasmio and mitochondrial pyridine 
nucleotides. Dimethyl nitrosamme leads to a loss 
of cytoplasmic enzymes but not of mitochondrial 
enxymes, and to a loss of pyridine nucleotides from 
both. Finally, thiocacetamide, although leading to a 
_ loes of both cytoplasmic and mitochondrial enzymes, 
does, not lead to the loss of cytoplasmic or mito- 
chondrial pyridine nucleotides. Thus it appears that 
at least two types of membrane damage can occur, 
one leading to æ loms of enxymes only (for le, 
_ thioacetamide), and the other to the loss of pyridine 
nucleotides only from the mitochondria, as im 
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dimethyl nitrosamine, while a combination of these 
effects or a more general third grozp leads to the loss 
of both as in carbon Strachloride poisoning. 

C. H. QALLAGENER 


Department of Chamical Pathology, 
University College Hoapital Medical School, 
con. 
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Isolation of a 3-Lactone Compound from 
the Leaves of Clitoria marina Linn. 


Tan plant COlitoria marina Linn. belongs to the 


ius te eta) white were: The leaves of the plant 
are used in medicme ir India. A gystematic chemical 
examination of the leeves has therefore been under- 
taken, and isolation ofa 3-lactone sompound from the 
alcoholic extract of ths leaves has been achieved. 

8un-dried and powcered leaves were exhaustively 
extracted with 80 per sent ethyl Eloohol in a Soxhlet 
for 36 hr. The extract was filtered hot, the filtrate 
reduced to half its original volcme under reduced 
presure and kept at #° for 10 hr when a solid sub- 
stance settled down. The solid wea ted, boiled 
with a large excess of ethyl alcokol, and the 
filtrate again kept at ( for 3 hr. The separated solid 
was refluxed with ethyl alcohol ard a little activated 
animal charcoal and “lltered hot The filtrate on 
000. deposited a -white amcrphous substance, 
mp. 92° (yield 0:1375 per cent or dry weight basis). 
Further purification dd not alter the ing point, 
and the purity of tho product vas establi by 
chromatographio examination. 

The substance wae insoluble ix water, cold ethyl 
alcohol, chloroform, petroleum ether and ether ; 
but sparingly soluble in hot ethyl alcohol, benzene, 
Pyne and ethyl acstate. It did not decolorire 

mine water or alkaline potaseium permanganate 
and gave no acetyl derivative. Itmalso did not reduce 
Fehling’s solution and did not give testa for the 
presence of a keto It wae found to be lævo- 
rotatory. Found: C 78-95; H, 12-82 per cent, 
mol wt. (Rast) 386; ©,.H,,O, requires C, 70-18: 
H, 12-69 per cent, md. wt. 304. 

The bromo-derivative of the substance prepared 
by the usual bromination procedcre was obtained as 
a pale yellow powder m.p. 80°. It was soluble in 
benzene, chloroform and ether. Found: Br, 16-65 
per cent. C,.H,,0,Br requires Fr, 16-84 per ceut. 
On tatmini with Seahiy dated hydrogen, iodide 
(b.p. 126°), an ash-colpured product, m.p. 68°, was 
obtained. Found: I 24-00 per cent. Orel Ogl 
requires I, 24-33 cant. 

The methyl ester of the submance prepared by 
usual esterification gavea white amorphous 
powder, m.p. 74°, solable m ethsr and chloroform. 
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the Shrinkage 
f Collagen 
sollagens from various 
shrinkage temperatures 
contract abruptly in 
Ime solution. The T, 
ange from about 35° C. 
ean temperature of the 
lian collagen has a T, 
arently irrespective of 
of the complete amino- 
wwe temperatures have 
troxyproline content of 
aount of hydroxyproline 
1). Hydroxyproline is 
> collagen structure by 


‘ ween molecular chains. 


plotted by us in Fig. 1 
ı shrinkage temperature 
resented by circles and 
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Bhrinkage temperatare (T's) (* 0.) 
ee Oe ee Se a 
include the additional values, hydroxyproline = 
12-0 per cent and 13-0 per cent for cattle hide and 
rat tail tendon respectively. The continuous straight 
line in Fig. 1 has been fitted by the method of least 
squares to these data on the assumption thet the 
relation between hydroxyproline and 7, is linear. 
Also included in the graph are the date of Hall and 
Reed’, who determmed the T, versus hydroxyproline 
content of human dermal collagen. Hall and Reed 
conchided from their experiments that there was no 
correlation between hydroxyproline and 7,. How- 
ever, as can be seen from Fig. 1 ther dats fall in ther 
appropriate position with respect to the line drawn 
to the circle data, and 1 is clear why no correlatio® 
could be seen from their date alone—the range of 
hydroxyproline was too narrow. It is interesting 
and significant to find collagen from such widely 
differing sources foll such a simple relation, 
which supports Takahash.’s! and Gustavson’s* original 
contention. 
If the data of Takahashi and Hall and Reed are 
fitted by a leest- method the dotted 
line in Fig. 1 is obtained. Ite close proximity to the 
first line again shows the close correlation in behaviour 
of different co 
If the dotted line in Fig. 1 is acoepted as valid then 
rt is posable to make some speculations about the 
biological implications of a below-normal hydroxy- 
proline content m human collagenous structures. 
For example, it has been by Bowes, Elliott 
and Mosst and others‘ that the hydroxyproline 
content of fibrinoid tissue from rheumatic fever 
patients and in rheumatoid arthritis was lower than 
in normal tissue. They quoted a value of 8:3 per 
oent for fibrinoid tissue which, to Fig. 1, 
would give the collagen a T, value of 40° O. As 40°O 
is close to normal blood temperature and could be 
reached during a fever it is suggested that these 
rheumatic effecte sre the result of a structural 
breakdown due simply to . It is not 
neceasary that the actual T, values be reached for, as 
Weirt has shown, shrinkage is & rate process, and given 
sufficient time will ocour at temperatures 
about 6° ©. below the instantaneous shrinkage 
temperature (our T,). Furthermore, if the structure 
happens to be under tension, then the denaturation 
process is likely to be accelerated (although the T, 
will be moreased owmg to the fact that extra tension 
has now to be ted in order to overcome the 
applied tenson before contraction can take place). 
This: idea Tig). bean discramell “extensively he 
elsewhere’ and applied to the phenomena of ‘heart 
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murmurs’, _ This streas mechanism could be a factor 


Finally, by Briscoe and 
Loring’ that the hydroxyproline content of the 
collagen of human tung increases with age. If this 
increase to collagenous structure generally, 
then ib would appear that the body has a built-m 
defence mechanism for resisting denaturation, and 
only the young would be vulnerable to immediate 
effecte of body temperatures higher than normal. In 
support of this view there is evidence, for example, 
that the high temperatures associated with rheumatic 
fever are more damaging to young patients than to 
adults. On the other hand, since the process of 
denaturation is rate-controlled, the time factor 
becomes important in the manifestation of rheumatic 
symptoms when the effect of temperature higher than 
normal ig not involved. Thus where the hydroxy- 
proline content is close to normal but slightly below 
it, many years would elapse before denaturation 
was complete, and this is a possible explanation of 
the fact that rheumatism is predominantly a disease 
of the adult. 

In other words, if for hereditary or other reasons 
the increase of hydroxyproline (presumably by 
conversion of proline to hydroxyproline) with age 
does not occur (or the increase is slower than normal) 
then the individual concerned is likely to become a 
rheumatic. The above views may explain why many 
STL rib are omean. (o Hoth shauriatoid merte 
eand rheumatic fever patients, for example, cardiac 
legions, swelling and pein in joints. In both cases 
collagen has been denatured. 

In this communication we have only considered the 
denaturation of collagen, as function of temperature. 
It is realized that other denaturation mechaniams 
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Effect of Electronarcosis on en 
Consumption and Carbon Dioxide Output 


Ix assessing ‘changes of vital function during 
electronarcodis, we measured oxygen consumption 
and carbon dioxide output in an experiment in rabbita. 
The measured values were considered an important 
index for the evaluation of metabolic changes durmg 
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10 20 80 40 
Ain.) 
1. Oxygen consumption during electronsroosts, ——-, During 
Fie. electronarcosis; ...., control 


In 10 rabbits the resting values of oxygen ocon- 
sumption and carbon dioxide output were measured. 
The average value frdm a 15-mir. measurement was 
taken as 100 per oent. Having carried out these 
measurements we indioed electronarcosis by oombin- 
ing the Leduo and direct current (tension 50 V., 
frequency 100 0./se0. cf the direct current 
15 per cent, relation af impulse length to break 1: 9, 
paca toca ee The current is 8 through 

bitemporal ‘electrodes -with felt covering 
soaked in sodium chloride solution. The values were 
followed for 15 mm. before elestronarcosis, for 30 
min. of the electronarcosis durat.on and for 15 min. 
afterwards. The same animals served as controls 
for the same length of time but without electro- 
narcosis 


(1) Ozyyen consumption. A A clear rise of oxygen 
consumption during oelectronarmosis was observed 
in all cases. The maximum is artained 20 mm. after 


the of elentronarcosie and reaches about 
150 per cent of the grigmal vale. In the following 
course of electranarvosis consumption de- 


oxygen 
creases slightly, but after 80 min. it is still more than 
120 per cent. When the electronarcosis is inter- 
rupted the oxygen’ consumption falls abruptly. 
Average valuce in time are shown in Fig. 1. 

(2) Carbon dioxide output. The output imoreases 
during electronarcosis by & rise which is even sharper 
than that of oxygen ‘consumpticn. A second rise of 
the output occurs after interrupting the electro- 
narcosis. The time course is given in Fig. 3. 

(3) The values of the respiration quotient can be 
elaborated from the preceding.-neasurements. Tho 
curve in time follows roughly tist of the preceding 
curve, but tho rise after interrupting the narcosis is 
more marked. 

The rise of oxygen consumption is striking, con- 
sidering its fall-in all types of drug narcosis. The 
explanation for this night be fomd in an imoreased 
muscle tone which can be proved especially at the 
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The rise in carbon dioxide output is the result of an 
Inoreesed tissue metaboliam evident already from 
the changes in oxygen consumption. 

The course of values measured after interrupting 
the electronarcosis imphes that no oxygen debt 
ensues during the electronarcosis. The changes of the 
respiration quotient leave room for an assumption 
that the tissue metabolism changes during electro- 
narcosis are not only quantitative but qualitative as 
well. 

JAROSLAV STEMIBKA 
ANTONÍN VACEK 
Traumstological Research Institute, 
Brno, 
and 
Biophysical Institute of the Czechoslovak 
Academy of Science, 
Prague. 


Role of Mucoid Substances of the Aorta 
In the Deposition of Lipids 


Tua mechanism of deposition of lipids in the vegsel- 
wall seen from the point of view of the pathogenesis 
of atherosclerosis representa the oentral problem 
a se latter. In agreement with numerous data, 

revious investigations’ proved that in the 
is of both human and experimental 
atheroadleroeiā the deposition of lipid substances iņ 
the aorta is preceded by an increase of metachrom- 
atically stainable mucoid substance. 

By meens of immuno-electrophoresis it could be 
proved that ono part of the lipids in the aortic intima 
18 identical with plasma-f-lipoprotein’. 

Bernfeld’s’ investigations have proved the forma- 
tion of specific complexes between polyanions of high 
molecular weight and §-lipoprotein. Based on this, 
we have supposed a kind of complex-formation 
between the substances of similar chemical character, 
accumulated in the aortic wall (muocoids) and the 
plasme-f-lipoprotem. Thus the formation of this 
specific complex might be considered as the begining 
of the process of lipid deposition. Our supposition 
finds support in the histological findings that the 
deposition of lipids mainly occurs in those areas of 
the aorta which are rich in metachromatically stain- 
able substances. 

Based on these facts we have Investigated whether 
the muocopolysaccharides of sealerotic human aortic 
intima dispose of the ability of binding -lipoprotein 
specifically. 

Employing the method of Dyrbye and Kirk’ we 
have isolated the mucopolysaccharides of sclerotic 
human sortic intima. The isolated mucopolysac- 
charides may be separated by paper-electrophorensis 
into two fractions: one of them having a higher 
mobility, being periodic acid—Sohiff-negative and 
con’ a considerable smount of sulphate, and the 
other with a lower mobility, periodic acid—Schiff- 
positive, with mere traces of sulphate. 

The mixture of mu lysaccharides obtained in 
this way was electrophorized after having been 
mixed with pure human 6-lipoprotein. We have 
stated that the B-lipoprotem moves together with the 
aortic mucopolysaccharide fraction of lower mobility 

1). 
sa es having mixed the aortic mucopolysaccharides 
with native (normal) human plasma and electro- 
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phorixed the mixture we have found that the 6- 
lipoprotein. fraction of the plasma also in this case 
moved together with the mucopolysaccharide fraction 
of lower mobility. In this oase, however, the inter- 
action causes a retention because of the higher 
mobility of the native B-lipoprotem (Fig. 3). The 
mobility of plasma-c-lipoproteing does not show any 
change. This circumstance proves that m ly- 
ee a a the 

Inama lipoproteins. It is in conformity with the 
fact that im cannot be shown to be 
present in the aclerotio aortic intima with the method 


£ immuno-electrophoresis. 





Fig. 2 = eattiecdt normal human a bck a 
eoctis mueopolysacchandes. Stained Btainod wit sudan we 
30 mamp., 2 hr. Borate buffer, pH 8 6 


The present investigations support our supposition 
that the basis of deposition of plasma-f-lipoproteins 
in the sclerotic aortic intima may be found in the 
ability of binding plasma-f-lipoprotem of some 
specific sare gene se Sree nardee of the sortio intima. 

Details and discussions of these problems will be 
published elsewhere. 
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Effect of Lysergic Acid Diechylamide on 
Larval Growth 


Lyspreic acid diethylamide .s known to be 
hallucinogenic in man™ and to behavioural 
aberrations in experim-ntal animals. When admin- 
istered to spiders’, lysergic acid diethylamide improved 
the regularity and ang-es in the pattern of the web. 
In the liver fluke (Pasctola hepatica) lysergio acid 
diethylamide intensified the motil-ty*. However, in 
most cases the effects of lysergic acid diethylamide 
decrease shortly after withdrawal of the drug. In 
humans the effects my persist ac long as 24 hr. in 
many cases‘. Increased resistance to lysergic acid 
diethylamide on repected admin#tration has been 

*, Our present investigation shows that 
Incorporation of lysergic acid diet=rylamide with the 
food caused marked reduction in growth of larvæ of 
Tenebrio molitar, which was not reversed by return- 
ing the larvæ to normal diet. 

Adult larvæ of the same age and weight were 
carefully selected from. a stock ani divided-into two 
groups of thirteen each. Group I received the besal 
diet consisting of 77 pet cent corn “neal, 15-4 per cant 
bran, 7-6 per cent wheat germ supplemented with 
1 per cent of yeast extract. Grop II received the 
same diet except thab 2-5 mgm. of lysergic acid 
diethylamide were added per 10 gm. of diet. The 
larve were returned to fresh diet every week. The 
growth-rates of these two groups are presented in 
Table 1, which shows the inhibitory effect of lysergic 
acid diethylamide on the growth o? the larvm. 

have Deen oarried out to test the 
duration of the effect -of lysergic acid grist feaincets 
Small larvæ were selected and plated on the I 
acid dlsthyacide dior Toe the fon owe aa 
ee ee ee ae Tho results are 


that of a vitamin deffkiency where fast growth-rate 


Table 1. Hrescr oy Lrmetaio AUD DOCYAYLAWIDE ow Larval 
GROWTH ` 
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A comparison now between the electrophoretic 


of all the cases with normal urimary titres 
(Fig. 1) with those with more or leas imoreased 
estrogen excretion (Fig. 2) brings out a difference. 
The two protein fractions nearest to the starting 
point are in the former cases comparatively lees 
prominent, while in the latter they have a dominat 
character found in many cases of chronic prostato- 


vesioulitis*. 

By way of introduction, the point was made that 
the prostate gland in ita capacity as a secondary sex 
organ, in reletion to both its development and-seare- 
tory activity is ultimately dependent on testicular 
hormone. : 


Evidently, in many cases of chronic prostato- 
vesioulitis there occur high i 


the gland susceptible to infection. Or, on 
the er hand, it might be a consequence of a 
primary prostatic Infection. Finally, as a new point 
of view, a reduced. testosterone activity might 
influence the target gland to develop an mflammatory 
reaction, clinically interpreted as a state of infection. 


Density 
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Eosinophil ‘Leu ng Effect 
of Histamine In Skin 
Wans histamine is injected into skin, one of the 
dfecta that follows is an attraction of eosinophil 


yhosphate into the akm of horses. 

The skin of the necks of croms-bred ponies was 
wed. The sites for injection and subsequent biopsy 
vere so placed that the centres of the sites were at 
east- 10 cm. apart. The -intradermal injections 
onsisted of the required amounts of histamine acid 
(B.D.H.) dissolved in 0:2 ml sterile 
ihysiological saline. The development of owdema 
yas measured and recorded, and the skin biopsies 
reco made 4 hr. after injection. The method has 
eon described in detail elaewhere*. 

Six ponies were prepared each with 11 test. aites for 
viopsy on both sides of the neck, a total of 132 sites. 
njections of histamine were given so that doses of 
)-Ol ugm. to 20 mgm. were dispersed at random among 
he available sites on each pony, while two contro] sites 
n each pony received the saline vehicle only. From 
he skin biopsies, sections were prepared, and counts 
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(Fig. 1). 
standard deviation. 

In the ‘conditions of «his iment, @ maximal 
eosinophilic infiltration with doses approx- 
imating to 100 pgm. A second high reponse occurred 
with doses of 5 mgm. Some infiltrazion with eoamo- 
phils occurred with a dose as low as 0-05 pgm., while 
the control sites which did not receive any histamine 


was and shaved on the lateral aspect of the 
neck of a crose-bred pony. An intredermal injection 
of 5 mgm. of histamine acid. phosphate was made in 
the centre of the cirale and the precise injection site 
marked. After 4 hr., the @dems was 

recorded on a scale drawing and skin biopsies were 
taken along 4 radii of the circle at l-cm. intervals. 
The eosinophilic infiltration of each was assayed and 
the resulta are shown im Fig. 2. It was found that 
two areas of oedema could be recogrized : & primary 
xone around the site of injection anda secondary zone 
ventral to this, presumably due to the spread of the 
histamine by gravity to areas below the primary site. 

Replicates of this experiment uang 15 mgm. of 
histamine acid phosphate gave an essentially similar 
result excopt that both the edema and the eosimo- 
philia extended over a slightly largar area. A dose 
of 100 pgm. gave a similar picture se far as the inner 
5-om. radius of the ordie was concemed, but there 
was no secondary cedems. 

In the skin of horses, intradermal injections of 
histamine produce a degree of eosincphilic mfiltration 
which is related to the dose of hstamme. From 
about 0-5 ugm. to 50 ugm. the increase is linear. It 
is of interest that doses greater than 200 pgm. produce 
leas eosinophilic infiltration than do smaller doses, 
but presumably no loca: concentrafion of histamine 
approaching these levels could oceur im life. The 
secondary œdema which follows-imtradermal injection 
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ILOGY 


‘Ine on the Net In 
of Sensitive and 
b Leukemia Cells 


that it might be possible 
he sensitivity of leukem- 
i ic agenia besed 
eerie of drugs 
7gen-uptake of sensitive 
' which were resistant’. 
hypothesis some experi- 
nercaptopurine-resistant 
were carried out. 

in which sensitive stram 
at 37° O. in a Warburg 
an-uptake was irregular, 
jroduction was constant. 
between net gas output 
‘legs oxygen utilization) 
te than 7 hr., and was 
-aoter for a study of the 
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Mu litres of gas/oall 
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Fig. 1. The offeot of 6-mercaptopurine on the net production 
of sensitivo TIRO cele, p 
@, and verti! shading, senstitve cells: no drug control; 
x, and oblique shading, senaltive cells: 6-meroaptopurino 


tn vitro action of drugs. The effect of 6-mercaptopur- 
ine on sensitive cells was studied in three experiments. 
Two vesels containing cells alone and two sontaining 
celis and 6-mercaptopurme (10 M twice and 6 M once) 
were set up each time. Between 7 and 15 million 
cells in 5 ml. of a mixture of medium 199 (80 per 
cent) and normal human serum (20 per cent) wege 
used and the drug added between 30 and 45 min. 
before the first readings. Fig. 1 summarizes the 
results. The thick lines represent’ the averages of the 
six readings and the shaded area the ranges. 6-Mer- 
captopurine caused a decrease in the net gas produc- 
tion ; this effect noticeable at 8 hr. is ‘clearly signifi- 
cant by 5 hr. a? gr 

When a isi Di “hast Reali strain of 
£1210 cells became a le through the courtesy 
of Dr. L. W. Law, ofthe U.8. National Cancer Insti- 
tute, the experiments were repeated. Under the same 
experimental conditions the tm viro gaa production of 
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Fig 2 A comparieon of the net producion of senaitive and 


and vertloal shading, cells: no drug control; 
O and oplique shading, sensitivo cells: 6-mereaptopurine 
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the resietant cella was found to differ considerably 
from thas of the sensitive cells. 

This difference is illustrated in Fig. 2. The net gas 
production of the resistant cells was recorded on three 
separate oocasions utilizing 2, 3 and 4 vessels, respec- 
tively. The average finding of the eight recordings is 
given in the thick line and the range by the shaded 
areas. On one occasion sensitive cells tested ab the 
same time gave results which fell into the range 
illustrated in Fig. 1. 

The effect of 6-mercaptopurine on resistant cella 
was also abudied. The net gas production in these 
circumstances fell within the range for the controls. 
Tt is not, however, poasible to draw any firm conclu- 
sions from this since the readings have a rather wide 
range around unity and so any effect of the drug would 
be difficult to detect. 

While no support has been gained for the hypothesis 
that stimulated this investigation, two pointa of 
interest have emerged. First, a simple reproducible 
system for the investigation of the effect of 6-mercap- 
topurine upon sensitive £1210 cells has been found, 
and secondly, a profound difference in the respiratory 
behaviour of sensitive-and 6-mercaptopurme-resistant 
11310 oells has been observed. 

This work was carried out during the tenure of & 
Leukeamié Society Fellowship. I am grateful to Mr. 
D. E. 8. Truman for his help with manometry, 
and to Miss M. Barrett of the Welloome Research 
Laboratories for sending me mice inoculated with 
£1210 cels. Mesra. Burroughs Welloome kindly 
sfpplied the 6-mercaptopurine 

7 ` H. J. Woopiorr 
of Medicine, 

University of Cambridge. 

1 Woodliff, H. J., and Davia, J. K. G., Nature, 185, 477 (1960). 


Electrophoretic Separation of Certain In vitro 
and in vivo Reactions of Rabbit Anti-Mouse 
Erythrocyte Serum 
exoellent model for the study of in vitro and in vivo 
immunological reactions. In addition to ita strongly 
hemolytic and saplasinating ting properties for, and its 
combining ability ‘with, mouse erythrocytes, this 
antiserum readily produces anemia in mice, & species 

especially suitable for this purpose. 

These reactions were studied as quantitatively as 
possible under comparable conditions: hæmolysin 
was measured in 50 per cent hsmolytic (4/2) units 
in æ total volume of 2 ml. porna a 107 
erythrocytes were lysed by one H /2 unit of hemolysin. 
Saline agglutinin was titrated by a 1-26-fold dihition 
system and recorded in scores (++-+-+ = 10, 
+++ = 8, ++ m 5, + = 8,+w — 1). In this way, 
the end-points were "paced more closely and the 
strength of the serum was represented more precisely. 
The combining ability was detected by i 
unlabelled and fluorescein tocyanate-labelled 
anti-rabbit globulin serums. With the former, an 
indirect anti-globulin test was done and the agglutinat- 
ing titres were recorded. The formalinized mouse 
erythrocytes were sensitized with the anti-mouse 
erythrocyte serum or ite fractions. It was then coated 
with the fluorescent serum, washed, and examined 
microscopically with ultra-violet light. The 
brightness of the green flucrescance waa recorded as 
— (negative), +. ++, +++, +++-+ (positive). 
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< Combing ahliy demaed by sheep rip rabbtgobaln eran ye, 
(1) Aarodnanor 150 





Association of Immunological 
phoretis fractions of rabbi ank-mouse 


Fig. 1. restons with elsctro- 
crythrocyte serum 

of mice were in octed i ~ with 
0-01 ml. of different drutions of rbbit anti-mouse 
erythrocyte serum per g'am of mame. The potency 
of the serum was measuced by the degree of anemia 
at its maximum, which was usually 8 days after the 
injection. The degree >f ansmis was expressed in 
terms of percentage hæmoglobin Cecrease, as com- 
pared with the preinjection valce. Hsmoglobin 
was determined with the cyum-methwmoglobin 
method using a red-cell2ounting pette to minimize 
the amount of blood required. 

Rabbit anti-mouse erythrocyte serum was prepared 
by injecting rabbits intraperitoneally with 1 ml./kgm. 
of a 10 per cent suspension of thoroughly washed 

Injectiors were repzated four times 
weekly in the first and third week Antiserum was 
collected 7 days after thelast injecticn. Fractionation 
of serum was socomplithed by sterch-zone electro- 
phoregis!. At the end «f each ran the 50-om. long 
starch block was dividsd evenly nto 25 fractions. 
Buffered saline elustee from esch fraction were 
adjusted to contam equal numbers cf ugm. of protein 
nitrogen before their activity wae tested. Similar 
resulte were observed with fractions of 5 antisera. An 
example is shown im Fig. 1 in which only the B- and 
y-globulins (fractions 14 to 25) are listed. Samples 
from other fractions wer» also tested concurrently but 
found to be negative. The association of the various 
Immunological reactione with the globulin fractions 
can be summarized as fcllows. 

In in viro studies, the hemolysin and saline 
agglutinin were similarl> distributed. Most of them 
were associated with the y-1 globuim fractions. The 
combining ability as demonstrated by unlabelled and 
fluorescein-labelled sheep anti-rabbi globulin serums 
was aasociated mainly with y-2 gobulin fractions. 
These findings are easmtially the same as those 

orted by the isotope-tracing technique in the 

bit anti-sheep erythrocyte system’. , 

In in vivo experimencs, the degree of anemie in 
Mice increaged progressively from factions 19 to 24 
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| cteristics of the 
| 1 (Hæmoglobin 


P) 
f horse hæmoglobin by 
~t and Ingram’s exam- 
ad by tryptio digestion 
xan, be concluded that 
roped of two identical 
ing approximately 280 
chroeder and Paulmg* 
‘moglobin (A) consisted 
only two types. One of 
d «-chain-—had a term- 
6-chams were identified 
d Martin® as a 
. residuo. A type 
waa observed m human 
hroeder and Matsudat, 
1 residue. The other 
ly known to carry 46 
s shown by Hunt’ to 
of hæmoglobin A. 
hemoglobin variante 
be due to an alteration 
he æ- or the B-cham!*, 
variant was described 
and Vin u when 
H consisted solely of 


Pas ‘Bart's’ was 
te properties, was con- 
stal hemoglobin. This 
o fostal counterpart of 
1 solely of y-chaims. It 
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in molecule. We have, 
sntstion-rate of & mix- 
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from the 


To wa by De. B. Ramot 


Tel-Hashomer, Israel. 


“yas seperated electro- 


-o on starch block and 


July 9, 1960 VoL. 187 


Solutions of the carboxy proteins equihbrated by 
dialysis against phosphate—sodram chloride buffer pH 
8-0, 1onio strength 0-35 (potassram dihydrogen phos- 
phate 0:0044 M, disodmum hydrogen phosphate 
0:0652 M, sodium chloride 0:15 M), were studied in 
the Svedberg oil-turbine ultracentmfuge at 54,000 
rev./min., the diagonal schlieren system bemg used 
for optical observation. 

Sar mixture of hemoglobin A and hemoglobin 

’ sedimented as & single symmetrical 

Eat ene at concentrations of 1-5 and 1-0 gm. 
protein/100 ml. At the latter concentration the 
sedimentation coefficient was Sson = 4:13 S. A 
solution of hæmoglobin ‘Barts’ examined at 0-36 
gm./100 ml. also sedimented as a single component, 
with Syen = 4:49 S. These values for the pedi- 
mentation coefficienta are in excellent agreement 
with those obtained at correspondmg concentrations 
of carboxyhsmoglobin A by Kegeles and Gutter. 
From these observations it may be concluded that 
the molecular weight of hemoglobin ‘Bart's’ is very ' 
olose to that of hæmoglobin A, approxmately 
68,000. 

By analogy with Jones ¢ al.1!, who have named 
hæmoglobm H Bae we suggest that hæmoglobin 
“Bart’s’ should be referred to as y.. 

Fostal hæmoglobin (asys) is distinguished by a 
‘tryptophan notch’ in the ultra-violet spectrum and 
by being more remstant to densturation by alkali 
than adult hemoglobin (asf). “oreha Yı shares 
these to s Sirens degree. Choramity 


` Zannos-Mariolea, Ager and Lehmann’ produced a 


in which the absorption spectra of solutions 
of equal strength of ayy, and y, are compared, and 
it can be seen that for y, the ‘tryptophan notch’ is 
about twice that of qays. The alkali resistance of y, 
is, however, only sbout one half that of ogy. 
A possible explanation is that the distmctive ultra- 
violet spectrum is due to chemical properties of the 
y-chain, but that the alkali resistance 18 associated 
with the structural arrangement of the four chains 
in the hemoglobin molecule. The combination of 
æ- and y-chains would then produce a less-acceasible 
target for the denaturing agent than that of y-chains 
by themselves. 
R. A. Kagwiok 
Lister Institute of Preventive Medicine, 
London, 8.W.1. 
H. LanmMann 
8t. Bartholomew's Hospital, 
London, E.0.1. 
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Potentlatlon of Halr-Growth by 
Ultra-Violet Light 

Sıxaa Findlay performed his pioneer experiments 
in 19281, much research has been carried out to 
investigate the carcinogenic action of ultra-violet 
light on skin. 

Little work has been done, however, to establish 
the exact wave-length of lighb concerned in the 
production of tumours, and it was in the course of 
experiments designed to elucidate this problem that 
a growth-promoting effect of ultra-violet light on 
har was observed. 

The apparatus used in this work was the mono- 
chromator described by Magnus et al.*, which employs 
a large quartz, water-filled prism for dispersion and a 
2-kW. high-pressure xenon arc lamp (Osram X BO 
2001) as light-souroe. Male mice of strain A, aged 
2-8 months, were used im the i 


Tho hair was removed from the of a mouse 
with Olukes small animal cli and the animal 
was placed in a jacket of ‘Ce ’ secured with 


Spencer Wells forceps. The j bt had an opening 
cut m the side to correspond with the exit slit of the 
monochromator, and was held in a clamp with this 
opening opposite the exit slit. 
A series of six mice was exposed to ultra-violet 
light of wave-length 2600A. for a period of four 
@ weoks, irradiated five days per w daily dose : 
2:5 x 107 ergs. om.~*. 





4. Beral section from ths centre o” the paton. The active 


folhos are evidemt, and ths 
are connderably The epidermis 
in this region 


In each specimen, a considersble potentiation of 
hair-growth was observed in the irradiated patch of 
akin. 

As the hair growth-cycle was not at an identical 
stage in each specimen, the appearance of hair through 
the epidermis did noz occur at tLe same time in each 
animal. There were, however, similar changes in the 
skin of each animal, and by the end of three weeks 


resting phase follicies 
is extremely thickened 





Wg. 1. Flank of mouse showing tuft of hair in rradiated patoh 
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onic graft to more antigens than those specific for ite 
lethally irradiated host only, with the eventual aim of 
converting the homologous radiation chimmras mto 
universal recipients of homologous tissues from any 
randomly selected individual of an antigenically 
heterogeneous population. The same prmoiple could 
be used here as in the experiments of Hašek and 
Hadkové‘ on polyvalent immunological tolerance in 
ducklings: to expose immunologically immature 
cells to the complete antigenic spectrum representing 
the given population. In the treatment of lethally 
irradiated mice, these conditions could be socom- 
plished by means of pooled embryonic hmmatopoietic 
cells derived from a sufficiently great number of 
donors. 

A preliminary experiment was made to estimate the 
suitable number of donors’. It was assumed that 
this number must exceed the minimal number of 
embryonic donors the pooled cells of which need 
to be administered to normal recipients to render 
them capable of developing a second-set reaction 
against a skin homograft from any donor selected at 
random. It was demonstrated that 40 embryonic 
donors are necessary to Induce a ‘unversal’ trans- 
plantation immunity by means of their pooled cella. 
With 50 embryonic donors, therefore, the experi- 
ments were started to induce a ‘universal’ immunol- 
ogical tolerance in homologous radiation chimmras. 

Adult female mice of a random-bred strain H were 
used. All 65 control skin homografts oarried out 
between selected individuals of thig 
population were rejected during 38 days with a m 
survival-time of 10-7 days. Irradiated animals 
(900 r. X-rays; 220 KV., 22 m.amp., half-value layer 
1-2 mm, copper, 27 r./min. at 70 om.) have been 
given intravenously 0 5 ml. of embryonio liver cell 
suspension. containmg 10’ cells per mouse. The 
survivors were skin grafted approximately 2 months 
later with the resulta shown m Table 1. i 

From the resulta presented here, it seems to be 
evident that : 

(1) Even if the akin grafts originate from the same 
indrvidual or from the same inbred strain as the 
therapeutic dose of embryonic hsmatopocietio ocells, a 
low proportion of them fails to survive, probably 
because of the recovering immunological capacity of 
the host. 

(2) No grafts survive from donors other than those 
of the therapeutic dose of hamatopoietic cells with 
the exception of oases when pooled embryonic cells 
from 50 donors were administered. 

(3) The mean survival-time of the rejected grafts 
seems to be slightly prolonged in homologous radiation. 
chimsras in comparison with that in non-irradiated 
recipienta of the same population. 


PROCEDURE Im LETHALCY IRRADIATED RANDOM-PRED H-MICE ON THE RESULTS OF BRIN GRiFTiNG 
































Mean survival-tame of the rejected 
oolls Donor of the skin graft e en rS b- PEET 
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cells (embryonic skin frozen with 
glyverol) 8/10 170 110 
onio 
N Randomly selected adult H (072:3 15:3 10:7 
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(4) Immunological tolerance may be induced in 
he pooled embryonic moculum leading to the 
ompatibility not only between graft and host but 
iso among the individual components of the graft 
teelf. Immunological competition among pooled 
noculum of adult bone marrow cells seems to account 
or the failure in the attempt of Murray et al.* to 
mhanoce the transplantability in lethally irradiated 
abbits. This would be also in t with the 
ing of Billingham ¢ al.’ and Gorer‘. 

(5) It be useful to imarease the number of 
wnbry onic ee ee As the number 
of the donors is raised, the antigenic contribution 
rom each of them decreases on one hand, but on 
ihe other the probability moreases of a given anti- 

fen, occurring several times in the pool. 

Pro) With regard to antigenic heterogeneity, both 
the mouse population as described here and the duck 
vopulation, of Hašek and Hašková seem to resemble 
the wild population much more closely than the 
‘andom-bred rats used in experiments of Billingham 
and Silvers’; the induction of a state of ‘polyvalent’ 
immunological tolerance by means of a pool of 
mmunologically immature cells comprising the 
somplete antigenio spectrum of a wild population 
1eed not, therefore, be beyond practical possibilities. 

This work is part of a research contract with the 
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BIOLOGY 


Mutations affecting the Density of 
Bacteriophage » 


Ir has been shown by Weigle, Meselson and 
Paigen! that ì-phage particles able to transduce 
markers have buoyant densities in cesium 
chloride which differ from that of the phage from 
which they were derived. The altered densities are 
transmitted to the offspring. 
Weigle & al. showed that spontaneous clear (o) 
mutants derived from A reference’ are not altered in 
jensity. They did find, however, that the phages 
‘berated, after induction, by a oertain strain of 
Boveri repay ion A aE Enger ia, sete: 


While the densities of the à mutants used 
uy Joo ak ollman® and by Kaiser? we found 
phages of two other denarties. The buoyant densitice 
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in cæsium chloride of plaque-forming à are given in 
Table 1. 

The dengities were measured using the density of 
i-reference as density reference (see Weigle e al.!) in 
a Spinco analytical ultranentrifuge Ky the method of 
density gradient of Mese-son, Stahl snd Vinograd’. 


ee Se 
tion. The phages, in ææsium 

solution in water, are phoced in ‘Lesteroid’ ee 
the SW 39 swinging bucket rotor of a Spinco ultra- 
centrifuge and spun for 16 hr. at 22,00 r.p.m. Then 
as described by Weigle e al. the bottoms of the 
Taboa ee eee drope are 
collected seperately. Tee ogibante Sf cask Iie 
ee eee 


all the y 
pkey hare io deuttied BO and He eiie 3 the 


parente (about 0-1 per cent of the progeny phage 
which seem to have sa intermedate density are 


they 
Recombinant phages of censity B2 vhan romed with 
one another give progeny only of the density B2 (and 
this is true of recomb-mants of density BO also). 
ity B2 thus behaveeag a single genetic character. 
We shall call 62 this character and 62+ its allele in 
2 reference. By compezmg the rektive frequencies 
of different genetic marxers at the densities BO and 
B2 respectively it is possible to Inoate b2 on the 
genetic map of 2. It is very near m5. In fact in a 
cross between mö b2- and dyn5- 62 only about 
0-01 per cent recombinents Am5+bZ+ and Am52 are 
observed. 
In a cross between b2 and 62+ the phenotype B2 or 
B2+ (or BO) respectively always octresponds to the 
genotype b2 or 63+, that is, there is no phenotypic 


mixing. 4 

The phages 62+ are able to mutate to b2, but ` 
reverse mutations have 20t been locked for. 

The phages 62 are diferent from 62+ not only in 
density but also in ther ability to form stable lyso- 
gens. In all the cases studied the decrease in density 
was always acoompanial by loss -n the ability to 
form stable lysogens. The markar b2 is perhaps 
identical to the marker } of Jacob and Wollman? 
which they located near m5 and which also prevents 
stable lysogenization. 

The density B1 seams also to be determined by a 
locus 61, Jovated. in thà o regida of the wenetin trap 
of à The presence of &1 increasos the density of A 
without affecting ‘its lyacgenizing ay. 

We have been unable to study quantitatively the 
properties of the phages >f density F83, for the phages 
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exact distribution of 
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NATURE 


_genates by differential oen 


July 9, 1960 VoL. 187 


If the sub-stage condenser is now moved up and 
down, a whole range of contrasting illuminations is 
obtained from near dark-ground, through a spectral 
series of contrasting colours in both specimen and 
background, to white ilumination when a stamed 
preparation appears as seen under an ordmary light 
microscope. For photographic purposes the differ- 
ential effect may be moreased by the use of appro- 
priate colour-filters, 

The effects just described are not seen when a freah 
sample of ‘Thorotrast’ is examined, but only after it 
has been inoorporated into body tissues. These 
effects may also be observed, though in a lesser degree, 
when using a contmuously variable phase-contrast 
microscope. Such instrumenta, however, are less 
common than standard phase-contrast equipment. 

The method may also be used with advantage fi 
the examination of living oells, stained, and unstained 
sections ; especiallyit has been found useful for rapid 
preliminary inspection of such objects as tissue 
explants, cultures of protozoa and similar living 
objects. Finally, the method allows rapid change 
over to oil-immersion, with or without phase-contrast, 
since the x95 stop remains centred throughout. 


E. W. Baxvrar 


’ 


Biology Department, 


Guy’s Hosprtal Medical School, 


London, 8.E.1. 


Ageing of Mitochondria 

Tua ability of ethylenediamine tetraacetic acid, to 
stabilize mitochondria is well known!-*. The present 
work waa concerned with the effect of ethylene- 
diamine tetraacetic acid on mitochondria in 0-35 M 
sucrose durmg and after rigorous treatmant erther 
by pre-incubation with carbon tetrachloride or by 
standing at 22° O. and then at 0° C. for prolonged 
periods. 

Christie and Judah’ found that washed mito- 
chondria isolated fram liver homogenates which had 
been, incubated. at 0° O. for 8—4 hr. with carbon 
te oride oxidized certain substrates at very low 
rates. The oxidations affected were those catalysed 
by enzyme systems whioh require pyridine nucleotides 
for electron transport. Normal activities could be 
restored by the addition of co-factors containing the 
appropriate pyridine nucleotide. 

In the present work 10 per cant w/v homogenates 
of rat liver were at 0-1° O. in 0-25 M 
sucrose, and in 0-25 M sucrose -+ 0 001 M ethylene- 
diamine tetraacetic acid. Carbon tetrachloride was 
added to a concentration of 0 08 M, and mixed with 
the homogenate by shakmg. Mitochondria were 
isolated immediately fram portions of the homo- 
then re-suspended in 0-25 M sucrose to wash off 
residual carbon tetrachloride, re-centrifuged and 
re-suspended in 0 25 M sucrose. The remaining 
portions of the homogenates were shaken gently at 
0-1° O. for 80 min. in contact with carbon tetra- 
chloride ; mitochondria were then isolated, washed 
and re-suspended in 0:25 M sucrose. 

Mitochondria from homogenates treated with 
carbon, tetrachloride for 90 min. were found to have 
lost much of their ability to oxidize citrate (Table 1). 
Normal rates of crrate oxidation were restored 

adding 0-0005 M diphosphopyridine nucleotide, 
0-00087 M glutathione and 0-04 nicotmamide to the 
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ystem : te 0-001 M; magnestum sulph- 
ate 0:0007 M.: Po 0 O25 M; orthophos- 
bafer, p 7x4, 0013M; aytochrome o M; sodium 
dirate 001M; 0% omit (wiy eh rer) mitochondria 
m 0-25 Mf sucrose; water to 3 mL volume ; 0-1 ml 20 oent 
po hydroxlds adsorb ; ges 


reaction mixture. However, Table 1 shows that the 
presence of 0-001 Af ethylenediamine tetraacetic acid 
in hamogenates reduced considerably the fall in 
citrate oxidation. 

Similarly, ethylenediamine tetraacetic acid was 
found to protect mitochondria in liver h tes 
subjected to severe ageing at 22° O. and 0° C. In 
arder to accelerate ageing, 10 per cent liver homo- 
geftates were stood for 30 min. at 22° O. during which 
time the homogenate tem rose to 16:5° C., 
and then for a further 180 min. at 0-1° C. Table 1 
shows that although such treatment in 0-25 M 
sucrose homogenates greatly impaired the ability of 
mitochondria to oxidize citrate, mitochondria from 
0:25 M sucrose + 0-001 M ethylenediamine tetra- 
aoobio acid homogenates gave normal rates of oxida- 
tion. The protective effect of lenediamimne 
tetraacetic acid was demonstrable er or not 
additional ethylenediamine tetraacetio acid was added 
to the respiratory reaction mixture. 

Surprismgly, the capacity of mitochandria, aged by 
aither of the above ageing procedures, to oxidize 
citrate was maintained or restored by the addition 
Hie e a A ESETE E A, anly to 


tetrachloride lose R rS adenosine triphos- 
phatase to activation by calctum ions and 2 : 4-dini- 
trophenol, and they become fully sensitive to activa- 
tion by magnesium ions. It has been implied that 


the in adenosine triphosphatase response 
might be related in same way to the loess of mito- 














Table 2. Herescr or BTETLANNDIAINE AoD ox Mrro- 
Pi cles NDALA ISOLATED FROM AGED H 
desaribed in text. Results shown are the means of four 
o SIV OF O Ea anes Good EE Oon S far OPADE readings 
uptake (ad./80 
0-6 mgm. enxyme nitrogen 
Homogenate medinm | Addttions 
Bucrose 0-25 M None 
Sucrose 0-25 M 
0 001 M 
Sucrose 0-25 M + 
OOL 0-03 M None 
Sucrose 0-25 M + 
OOL, 0-03 H 0 001 M 





&yetem. asin Table 1. 
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chondrial pyridine nucleotides and ths inactivation of 
However, in the 
from the 


_Tespiratary medium anc the addition of 0-01 M 


sodium fluoride, which ramovea fursher magnesium 
ions with or without the addition of 0 001 M adeno- 
sine triphosphate, did nct prevent tae ‘fall in citrate 
oxidation rates ect to either egeing treatment. 
BSiekevits e aJ.1° have shown that adenosine tri - 
phatase of aged mitochondria is activated large by 
bound magnesium ions or by bound magnesium ions 
plus magnesium—ethylencliamime tetmaacetic acid, and 
that the addition of 0:0G@ M ethylenediamine tetra- 
acetio acid did not greatty inhibit the adenosine tri- 

phosphatase activity of Xesh or aged mitochondria. 
Consequently the stabilizmng effect of ethylenediamine 
tetraacetio acid against the loes of acsivity of pyridine 
nuoleotide-dependent enzyme systens of aged mito- 


chondria would appear to be by come mechaniam - 


other than inhibition of adenosine triphosphatase. 


It appears that prolenged standing in 025 M - 


sucrose or pre-incubation with carbon tetrachloride 
does not lead to direct passive diffusion of pyridine 
nucleotides from mitochondria. Such treatment must, 
however, alter the mitooaondria in ruch a way aa to 
permit operation of e secondary 3hange occurring 
after the oommencemen: of incubation at 38° O. m. 
the respiratory medium and leading to the losa of 
pyridine nucleotides and mactivatbn of dependent 
enzyme systems. HthyEnediamine tetraacetio acid 
prevents this secondary change. It may also prevent 
the primary damage by hese ageing procedures as rt 
is unnecessary to add ethylenediamire tetraacetic acid 
to the respiratory mecium in order to maintain 
normal rates of citrate oxidation by mitochondria 
aged in 0:25 M sucrose + 0-001 M ethylenediamine 
tetrascetic acid. However, rt is possidle that sufficient 
ethylenediamine tetraacetic acid :s taken up by 
mitochondria during to prevent an eth: a Rad 
diamine tetraacetic Ao peded TOENE IAG ors Pok 
ring when the isolated mitochondria are incubated. 

Acoumulation of caloicm ions from the homogenate 
daring ageing might leed to further damage when 

mitochondria are incubaved at 38° O. and to the loss 
of pyridine nucleotides’, However measurement of 
the calcium content of trichloracetic acid extracts of 
mitochondria by the ethylenediamins tetraacetic acid— 
calcon method showed that the concentration fell 
from 30-35 pgm. to 16-B pgm./gm. wet liver during 
5 br. in a 0-25 M sucros homogenate at 
0-1° O. Therefore it ic unlikely that the effect of 
ethylenediamine tetraacetic acid i£ associated with 
chelation of calotum ione. 

Hunter ef al.'* have discussed the influence of 
various factors on the re-incorponation of dinitro- 
pyridine nucleotide into mitochondrial enzyme 
systems, and suggest that the afect of ethylene- 
diamine tetraacetic acid is likely to te due to complex- 
ing with the mitochondrial membrane rather than to 
chelating metal iohs. The resulta of the present work 
favour such an i on. Kthybnediamime tetra- 
acetic acid would appear +0 prevent tàe loss of pyridine 
nucleotides from mouksied, resping, aged mito- 
chondria, either by acting at the mitochondrial 
membrane to maintain its.semi-pexmeable character 
or by inhibiting the release of bound pyridine nucleo- 
tides from mitochondrial enzyme systems. It is 
possible that ethylened amine tetreacetic acid exerta 
its inftuence by complexing with structural cations 
and altering the charge on the misochondrial mem- 
brane or at the site of binding of pyridine nucleotides. 
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'hale of Known Age 


rakit, using the ear plugs 
1 in North Paciflo waters, 
at sexual maturity was 


were 

iwbin showed that the 
rity was 3-4 years. Har 
te collected from ane of 
amt methods of inverpre- 
age determination gave 
ı probable age of this 


now available from a 
(Mark No. 11689) on 
1584° É., when it was 
) east ‘Soast Of Australia 
‘yearling approximately 
ark “wag . recovered on 
aale humpback shot at 
vest coast of Australia. 

, and testis weights were 
, it has been possible to 
om these organs with thé 
ring the method of inter- 
ssoribed by met, the age 
as at least 5 years. The 
nations, and, using the 
per year, the age of this 
years. Since the whale 
of ita second year when 
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marked, it was probably 6 years of age when shot. 
So the indirect methods using baleen plate traces and 
ear plug laminations give estimates of age in good 
agreement with the known age. 

The testes each weighed 1-0 kgm., which indicates! 
that this whale was immature, and that 
puberty would bebly have been attained at 
7 years of age. is is above the age at which most 
mae umpbeeks Dave "been. eetimated to readh 
puberty ; it is not an isolated example sinoe, of 
118 males (fram the weet coast of Australia) the ear 
plugs of which contained 12 lammations, 6 per cent 
were still sexually immature. 

The body-length of this whale was recorded as 
36 ft. 9 in, which ia relatively short for a male of 
6 years but within the range of 1 recorded. for 
males of that age. In 164 males from Australian 
whaling stations estimated on the evidence from ear 
plugs to be 6 years old, the body-lengths ranged from 
34 ft. 7 m. to 48 ft. 3 in. with a mean length of - 
39-11 ft., standard deviation 1-62 fb., and a standard 
error of mean 0:13 ft. It is therefore probable that 
this was a slow-growing individual relatively Jate in 
maturing. 

The recovery of this mark is also of interest because 
it is the first recovery on the west coast of a mark 
fired into a whale on the east coast of Australia. This 
change of migration path followed’ the mingling 
during the summer of 1958-59 of some.of the group V 
(180° E.—170° W.) with the group IV (70° E.-180° B.) 
dopulation of humpback whales which I * have soya 
in the region of the Antarctio from 110° E. to 130° E. 


R. G. CHITILEBOROUGH 
Division of Fisheries and Oceanography, 
Commonwealth Scientific and Industrial 
R I APE 


1 Ghitiisborongh, BR. G., Aust. J. Mar. Freak, Rss., 10, 125 (1950). 
* Nishiwaki, M., Sei. Rep. Whales Rss. Ins. Tokyo, 14, 40 (1059). 
*Dawbin, W. H., Nature, 183, 1740 (1050). 

4 Qhittleborough, E. G., Norske Hoalfwnstid, 48, 510 (1950). 

* Chittleborough, B. G., Aust. 4. Mar. Freakw. Res., 6, 1 (1985). 


Morphogenetics of Micrasterias americana 
in Clone Culture 


Waris, Grénblad and I have studied the plasmatic 
basis of the morphological units in Mtorasterias 
ies and their di ence on the nuclear influence. 
e names of the morphological units and the 
schematically drawn plasmatic axes are shown in 
Fig. 1. The form, as well as the number, of the 
morphological units may be altered by a change in 
i iti and by a change in the 
relative nuclear influence. 


The concept ‘nuclear effect per cytoplasmic unit’ 
is of importance when variation in the morphology 
of the cell is considered. The variation can be 
induced artificially in different cell types (anuoleate, 
hypohaploid, haploid, hyperhaploid, subdiploid and 
diploid cell types ; binucleate cells of different types, 
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Fig. 1. Sohematis dra of different types of Adtoraateries 
A, Normal biradiate cell the end and from the front; 
B, to + C, oeil 

e 
triradiate and iate forms are produced from 


the normal biradiate form. Such forms are found in 
Nature? and can be produced artificially from some 
Miorasterias species (M. thomasiana, M. rotata, M. 
torreyi, M. angulosa). The triradiate and quad- 
riradiate forms of Micrastertas species are always 
diploid forms. 

Since 1989 we have had under cultivation a clone 
of Mtcrasierias thomasiona var. notata which was 
produced spontaneously and in which one of the wings 
is absent from the cells. These cells are uniradiate 
forms. Since then, uniradiate forms of the species 
M. torreyi, M. rotata var. evoluta, M. thomasiona 
and M. americana have been discovered. An 
analogous form was also produced from M. fimbriata ; 
but the clane ind: balore 7 dould, be tavestinated| ia 
detail. 

The significance of the nuclear effect per oyto- 
plasmic unit is clearly seen in this haploid Toatele 
cell. Morphological analysis haa revealed that the 
existing morphological unite in the uniradiate cell 
resamble the units in diploid cells m both size and 
form as a result of nearly equal ratio between nuclear 
quantity and cytoplasmic units in these two types of 
cells. 

Because the number of cytoplasmic units was seen 
to increase with the nuclear quantity, the hypothesis 
was suggested that conversely a decrease in the 
nuclear influence (per cytoplasmic unit) may lead to 
the elimination of a cytoplasmic unit. This was later 
demonstrated in the case of M. torreyi double cells, 
which are cells that, owing to abnormal cytokinesis, 
contain the plaama of more than one Joid cell and 
a varying number of nuclei (one haploid, one diploid 
nucleus, or two haploid nuclei in different sites in the 
cell). These experiments revealed an affect of sub- 
normal nuclear influence in accordance with the 
hypothesis, and clarified in principle the process by 
which uniradiate cells are produced. 
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A wniradiate cell mey ‘remutate’ into a normal 
biradiate ‘form. This isthe same process that ocours 
when a biradiate cell xecomes transformed into a 
triradiate cell by an imsrease m the number of side 
lobe units. The questDn then arcse whether a cell 
with new side lobe urita could be produced, and 
whether such a cell conscsting of ony polar lobe units 
is capable of existence. The method employed to 
produce the cell with no-side lobe urib was in principle 
the same as that used to sroduce uninadiate cells : some 
of the plasmatic unitas in double,and other complex 
cells may lose their ablity of reproduction, but the 
cell may still be capable of continutng ita existence. 

The organisms studied in the present investigation 
were uniradiate oells of M. thomasiana and M. 
americana. The desirec result was obtained with the 
latter species. Numerous double cells of different 
types were produced in old cultures exposed to 
continued illumination. From om of such culture 
tubes with different tvpes of abnormal oells, cells 
which lacked both sice lobe unis were produced - 
spontaneously. 

The new cell type, here oalled tke aradiate type, is 
depicted m Fig. 2. The cell type scarcely resembles 
the genus Miorastertas. Perhaps the genus Iohiyo- 
dontum recently described by Scott and Prescott 
exhibits similar main features. 
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emcicons, Biraliate, uniradiate and 
aradiste cell gronn in the same -ulture tube 


The aradiate Miorastertas amermana cell thus has 
only one of the three -morphologpal componente of 
the normal biradiate Mitorasterias cell. The following 
differences were noted. when the aradiate ocells were 
oompered with normal M. amertcana cells growing in 
the same culture tukos and hence under identical 
conditions. The araciste ocell ie longer than the 
biradiate haploid cell. The apex of the former_cell 
differs in form from that of the polar lobes of the 
latter in that the processes are always lees well 
developed. When seen in end-viey the cross-section 
of the aradiate cell is round exceps the apex which is 
usually irregular and =metimes forms an equilateral 
triangle. 


The aradiate form hes not bean cbeerved to undergo 
remutation to a uriradiate or biradiate form, 
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Nonanal as a Growth Fector for Wood- 
i: rotting Fungi 

Soma years ago Suolahti! found that volatile sub- 
stances evaporating from wood of various trees 
strongly promoted the growth of several wood- 
destroying Hymenomyoetes. In particular, the 
development of aerial mycelium was favoured. The 
effect seemed to be correlated with the presence of 
oleio acid and other unsaturated fatty acids in the 
wood. The active substance or substances could not 
be identified. 

Since nonanoio acid (pelargonic acid) and nonanal 
(pelargonio aldehyde) are known to be formed during 
autoxidation of oleic acid’, it appeared desirable to 
teat these two nine-carbon compounds for growth- 


promoting activity. ° 

The compounds were administered to the fungi 
either through the liquid phase or through the gas 
phase. In both cases two media were tested: a 
synthetic mimeral-sali-ghucose medium (modified 
medium 8, ref. 3) and.a water solution of 5 per cent 
malt extract. The following species of wood-destroying 
fungi were studied: Stersum sanguinolentum Fr., 
Dasdalea unicolor Bull. ex Fr., Polyporus cervinus 
Pers. and P. Pers. ex Wallr. 

Tn the first type of experiment, where water solu- 
tions of the substances to be tested were pipetted into 
the liquid nutrient medium, nonanal was found to 
P aea aaee re eee ae 
sanguinolentum (Table 1), whereas the other species 
showed a weak or no response. Nonanoic acid had 
no effect in all cases. The response of Stersum was 
stronger in the synthetic medium than m the malt 
extract medium, and could already be observed after 
one day. In the latter medinm the increase in weight 
seemed to be due mainly to the more abundant 
production of aerial hyphæ in the flaaks with nonanal.. 

Because of its volatility, nopanal rapidly disappears 
from the medium. ‘Therefore, in prolonged experi- 
ments further addition of nonanal solution was made 


Table 1. Gnowrn OF Stereum sengvinolontom IN LIQUID CULTURE 
WITH aWD WITHOUT NOWAWAL 





Dry weight af myoeltam (mem. per fiask) 
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every two or three days. For these reasons the oon- 
centration of nonanal was never constant during the 
experiment. However, an original concentration of 
about 10 pumoles per litre, which means about 
80 ugm. per flask, was sufficient to produce strong 
promotion of growth in Sterewm sanguinolenhun. 

In the second type of experiment, where 
substances to be tested were plied through the 
gas phase, the fungi were grown in Petri dishes and 
the media were solidified with 1-5 per cent agar. The 
inoculum was placed in the centre of the agar plate. 
At the periphery, close to the glass wall, a small 
aluminium cup was introduced, containing the test 
substance dissolved in “Tween 40’ (polyoxyethylene 
sorbitan, monopalmnitate), a solvent which did not in 
iteelf affect the growth of the fungi under the oon- 
drtions of the experiment. Solutions with 5 and 1 per 
cent (w/w) nonanal were used. 

In these experiments the effect of nonanal was 
obvious in all species and in both tested concentra- 
tions, manifesting iteelf as an increase in the develop- 
ment of aerial myoelium and sometimes also as a 
faster growth of the substrate hyphæ (Fig. la). The 
response of Polyporus applanatus was particularly 
drastic, a high and thick wall of interwoven air hyphæ 
being formed around the cup containing the nonanal 
solution (Fig. 1b). 

With Stereum sanguinolentun as test organism, 
the effect of a few other compounds chemuoally related 
to nonanal waa studied in liquid culture exper- 
ments. Octanal and decanal produced a slight in- 
crease in the rate of growth, whereas nonanol and 
nonanoio acid proved to be completely inactive. 

Preliminary experiments have shown that a number 
of other wood- or soil-mhabiting Hymenomycetes also 
respond positively to nonanal, for example, Poly- 
porus fomentartus L. ex Fr., Mycena metaia Fr., 
M. adonis Fr., Coprinus narootious Fr. and Boletus 

The question whether Suclahti’s wood factor is 


dentical with nonanal, or not, must probably remain ` 


unanswered until the wood factor is isolated and 
analysed. At present it is also impossible to say any- 
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thing with certainty atout the bicchemical mechan- 
ism behind the growth-promoting astivity of nonanal. 
Earlier investigators have only observed inhibitory 
effecta of this substarcet, except for one case of 
stimulation of spore ination’ rts on the 


germingti j 
. role of long-chain aldéhydes in bacterial biolumin- 


escence' and catalase activity’ may indicate the 
possibility that nonana. functions m some way as an 
enzyme activator. 

A more detailed repcrt of the msathods and resulta 
will be published elsew-ere. 

I am indebted to Prof. A. Fredza for the sample 
of nonanal. 

Nos Fares 
Institute of Physiological Botany, 
University of Uppsala. 
1 Suolahti, O., “Ober elne des Wachstcm yon zen 
obamiseh: Fernwirkung —on Holz’, thesis (1051). 
* Hilis, G. W., Biochem. J., 3C, 758 (1036), Ralston, A. W., “Fatty 
Their Dectrati~es” birey 


abn and Bons, Ine, New 
York, 1948). Iselin, E., dut. Georate Hynms, 4b, 105 
‘Fries, N., Physiolona Plantarum, 1, B30 (148). 


“Penfold, A. B., and Grant, B_ Pros. Boy. Soc. ¥.9.1¥., 00, 167 (1926). 
Okazaki, K., and Homme, A., J. Pharm. Soc, Japan, 74, 1181 


(1984). 
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BACT=RIOLOCY 


A New Species of Green Sulphur Bacteria 


Ix 1959 two strains of green bacteria were isolated 
in pure culture from mud of the Kujalnik estuary 
(near Odessa) and of Like Sakeky (Crimea). 

These strains are identical as to their characters, 
and in some features they differ from all other green 
sulphur bacteria studied im pure culture’. Tho 
micro-organisms isolated are motile, short, rod-shaped 
cells measuring about 1:0-1-5 x 0-8-0-9n (Fig. 1). 
The ion of cels has absozption maxima at 
750 end 457 mu. The purified green pigment of the 
bacterium has absorpt.on maxime in ethyl ether at 
660, 482 and 412 mp. These maxima are typical of 
the chlorophyll of green bacterie", 

Like other green bacteria, the isolated organiams 
require for their growthanaerobic conditions and light. 
Good growth is observed an & moded Larsen’s 
medium?! containing: 0-1 per cent ammonium 
chloride, 0-1 per cent potassium dihydrogen phos- 
phate, 0-5 per cent magnesium chloride, 2 per cent 
sodium chloride, 0-1 par cens calcium chloride, 0 8- 
0-5 per cent sodium bicarbonrte, 5C pgm./100 gm. iron 
(as ferrio chloride), 0 1 per cent hydrated sodium 
sulphide (Na,8.9H,O) and a complex of trace ele- 
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bacteria utilize in their éonstructive processes both 
the carbon from added sodium bicarbonate and 
ethanol: 

Exammation of the organisms isolated leads us to 
melade them in the family Ohlorobacteriaceas. In 


In Bergey's ‘“Manual™, Ohloropseudomonas is 
included in the genus Ohlorobium. But no known 
members of Ohlorobium show any motility. For this 
reason rb may be more logical to name the green 
bacteria described Chloropseudomonas. As the beat 
development of these bacteria takes place on the 
medium ‘containing ethanol, we propose-as a specific 
designation Chloropseudomonas ethylicum. 

. V.-V. SHAPoOsENTKOV 
E. N. Konpaarmva 
V. D. Fapornov 
Biological Department, 
Moscow State ee 
Moscow. 


V. V., Kondratle E. N., and Ramenska A.A, 
reece ilelion Naul §.8.8.2., 2, 6 (1050). Tipiski 
1 Larwn, H., Kon. Norske maensh. Selskabs , Sirito, 3 (1063). 

* Goodwin, T. W., Diookim. Biopkye. Ada, 18, 2, 300 (1055). 
t Oxurda, V., and Maresch, H, Arak Mikrobiol., 8. 2, 00 (1087). 
5 “Bergoy’s Manual of Determmative Bacteriology” (1948 and 1957). 


Appearance of New Deficient Characters in 
Streptomycirresistant Mutants of Bacillu®? 


subtilis 
Wa have previously reported that a new deficient 
character, uracil-dependence, appeared thr a 
genetic interaction between two mutant of 


Bacillus subtilis K. It has lately been found, however, 
that the uracil-dependent progeny could be ‘recovered 
among the colonies which appeared on a streptomy- 
om-containmg medium on which cells of ẹ methio- 
nine- and histidine-dependent, and streptomycin- 
sensitive strain (met,his,„str-s) had been plated’. 
Besides the uracil-dependence, some new: characters, 
for example, histidine-dependence and thiamine- or 
macin-dependence, appeared in other streptomycvin- 
resistant mutants of B. subtilis K. These facts might 
have some connexion with the discovery of similar 
phenomenon in Salmonella’ as wel as with the 
mechanism of drug-remstance. 

The first experument was carried out with the met, 
his,sir-s stram. About 5x10* oells harvested from a 


‘culture in nutrient broth were plated on nutrient 


agar and a synthetic medium (Gray and Tatum’s 
medium plus methionme and histidine). Each med- 
ium contained streptomycin m the amounts shown 
in Fig. 1. It was found that smaller numbers of 
resistant colonies appeared an the nutrient agar 
than on the synthetic medium, and, moreover, the 
size of the colomes on_media with low concentrations 
of streptomycin were generally amaller than those on 
media with higher concentrations. To test growth 
response, all the colonies which appeared on the 
nutrient agar were printed to the synthetic medium 
by the replica plating method. At a concentration of 
5y of streptomycin per ml, 8 out of about 10? colonies 
tested could not grow on the synthetic medium. 
At 10y/ml., 5 out of 5, at 25y/ml., 6 out of 9, and 
at 50y/ml., 3 out of 8 could not. It was shown by the 
io technique that these irregular colonies. 
required uracil for growth in addition to methionine 
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Table 1. Vanious Soaxrroxron-Ramuar: MULLET OF B. mahni K 
































Mutant strains | Genotype Frequencies oe» aya amen Kew'type/Nocmel |  Revertant 
| ; “8 107 e Bm- dependent, normal R 2/0, 0710. : = 
= caer. s 10 Bm.-dependent, X-dependent*, normal ~ |.. E 3 Sm.-resistant 
ee 0. 10-7 ‘@m.-dependent, thiamine-dependent ` | | 3/8/0 Sm. -resistant 
ade, wra,str-8 a10! normal koe 1- Of180 — 
ine a f normal f ga on ‘ = 
mapom | Ibido | muoir dependent monad, T el arena 
oo Š 10 Sm.-dependent, normal 5 &m.~senaltive 
= a a’ 
* An unknown factor. Sm, Bireptomycin. ; 
and histidine. Because the frequencies of new type methionine-, histidine-, dependent ‘and strepto- 
appearance per total cells plated were almost equal mycin-resistant m producel the progeny, 


regardless of the, concentration of streptomyom, it 
is supposed that the met his jura,sir-r mutant oells 
which had pre-existed in the mother culture of the 
tester strain were selected by this procedure. 

Next, experiments were extended to the nine other 
biochemical mutante as well as the wild strain of 
B. subtilis K (Table 1). The third column in Table 1 
shows the frequencies of recovery of resistant colonies 
at a concentration of 70-80 y/ml. of streptomycin. The 
fourth mdicates the type of new characters which 
appeared, and the fifth the ratio of new types 
among the resistant colonies obtained. In short, 
strain All gave one histidine-d: , strain Al 
two streptomycin-dependent oo strain AZ 
“three streptomycin-dependent and two, thiamine- 
of niacin-dependent. The wild strain gave only 
two oolanies positive for streptamycin-dependence. 

Finally, the relationships between the new depen- 
dent characters and streptomycin-resistance were 
examined. Bho spcotanpons) seyerriane of tha Now 
genetio characters gave no, changes in streptomycin 
resistance, and moreover the cross‘ between T17 
(iry,thi,sir-s and 'phage-resistant) and the resulting 
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Fig. 1. Broth culture of M12 (met, kis sir-s) was- inoculated on to 
the media taining various conesn of streptomycin. 
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` 


eye ope depen ies and streptomyoin-resistant 
phage-sensitive, but not streptomycin-resistant 

aad uracil-dependent. The results indicated that no 
close linkage relationsh-p was obsecved between new 
deficient characters and streptomys«in-resistance, and 
that each locus behaved independently in reverse 
mutation and genetio imteractions. . 

‘Masampont KOHIYAMA 

YONOsvKE- Irana 


Institute of Applied Hiorobiologr, 
University of Tokyo. : 


1 Konyama, M., and Tkeda, E, Nature, 184, 208 (1080). 
*Kohtyama, W., C.R. Acad, Si, Paris (m toe press). 

* Watanabe, T., and Watanabe, M, J. Gea. Tiorobiol., l, 30 (1969). 
t Koblyama, M., Z. Vorerbuncalehrs, 30, KETIM : 


GENETICS 


Secondary Selection in Pure Lines of 
Rice. -> 

Ir is generally accented in .sel-pollinated plants 
that onoe a pure line “has-been isolated no further 
improvement can be schieved by further selection 
withm that line. 

Ghose and Daiya! feund the iccrease in yield of 
secondary selections fom pure lines of rice (Orysa 
eatwa L.) to be small. Experienc2 in Malaya, how- 
ever, indicates that & re-selection after a number 
of years from among pep ions in's pure line could 
give significant increares. The sslection ‘Siam 29’ 
was distributed to farmers round sbout 1980. This 
selection practically replaced all the 
unselected ‘Siam’ in al areas where this variety was 
planted. After the 3econd Wcrld War, it was. 
observed that minor diferences exst'in the ‘Siam 29’ 
material collected from various places where this 
material was distributed.- A re-selestion was therefore 
carried out.in 1949. 3ub-strains isolated from this 
te-selection were found z0 be identical in morphol 
characters to that of ‘Siam 29 Some of 
sub-strains have given significant yield increases beer 
‘Siam 29’, the contro, in variety trials conducted 
over a three-year period. Resuts of one of the 
variety trials is given im Table 1 to show the increases 
of these sub-strains over ‘Siam 29’ ` 

Re-selection in two other varieties, the ‘Nachins’ 
and the ‘Seraup Kechils’, has given similar results. 
Re-selection in the Mayang Sabatils’, however, gave 
very small and i cant’ incressea. 

ous, and 


Smoe O. sativa Li apa a 
outcroming is only of the order of 0- pee antn, 
increases obtained by >e-selection in pus Ties such 
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ee Varisty ar 
age 
1957 | Bam 29) 
3 8,501 121 9 
3,314 8,547 120 4 
(3,284 3,428 116-1 
13,218 8,419 116-0 
18,222 8,376 114-46 
(3,127 3,359 1140 
13,294 8,251 113-8 
8,119 3,843 1184 
2,845 3,232 113-1 
3,286 8,201 1117 
2,018 8,269 1100 
064 3,197 108 5 
802 8,187 108-1 
2,754 65 107-4 
'2,800 3,105 107 4 
8,004 8,142 106-6 
2,887 3,185 106-0 
2,929 8,130 108 0 
8,068 3,087 108 7 
2,048 080 108 8 
2,808 3,011 102 2 
8,008 2,078 1% -1 
2,687 2,047 100 0 
2,706 2,931 90-5 
2,052 2,007 08-6 
3,012 3,210 
+181 + 100 
C 
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together could develop into seed. ‘Nanay 39’ has 
the alleles 2 and 4 on Knight and Rogers’s terminology*, 
allele 2 being dominant to allele 4. These four 

zs will thus be 2-4 or 4-4, any ovules which 
were 2-3 having failed. 

Posnette?, who demonstrated that pods could be 
set on a self-moompatible tree when both ite own 
pollen and pollen from a self-compatible tree were 
applied to the same flower, suggested a similar method 
for determming if any of the seeds resulted from 
self-fertilization. He suggested pollinating a self- 
incompatible whrie-beaned tree with both ita own 
pollen and pollen from a compatible tree homozygous 
for purple-bean, when any white beans obtamed 
would result from self-pollmation as the purple-bean 
charactenstio is dommant. Van der Knaapi apphed 
pollen from a compatible white-seeded tree to a self- 
incompatible tree heterozygous for purple and white 
beans together with its own pollen, and obtained an 
indication that some selfing was takıng place from 
the lower proportions of white beans in the progenies 
than when the tree was only croesed. The present 
work is believed to be the first actually carried out 
in which it 18 posmble to pick out the selfed seedlings. 

D. R. GLENDINNING 
West African Coooa Research Institute, 
P.O. Box No. 8, 

Tafo, 

Ghana. 
1 Copo, F., Nature, 181, 279 (1988). 
"Knight, Ronald, and Rogers, H. H., Hereduy, 9, 1, 69 (1055). 
* Pomette, A. F., Trop. Agrio., 17, 67 (1940). 


4 Van dex Knaap, W. P., Rep. Fourteenth Intern. Hart. Cong., $, 1287 


Occurrence of a Brown Mutation in the 
Syrian Hamster 


CrxwamMOoNn or ‘brown’ mutations in species of 
rodents are well-known modifications of the pigmen- 
tary physiology of the wild agouti colour. A oom- 
a es is now recorded for the Syrian 

, Mesocricetus auratus, one of the compera- 
tively recent addrtions to the range of laboratory 
rodents. The mutant allele is inherited as a recessive 
to the normal gene and the genetic symbol b is pro- 
posed for ite designation. 

In the cinnamon hamster all the eumelanio pig- 
mentation, which is normally black m the wild type, 
is now changed to brown. The overall effect is a 
cinnamon-orange of a particularly rich colour. This 
is due to the fact that the wild agouti Syrian hamster 
is considerably more auburn than the drab agouti 
of, say, the mouse or rabbit. The agouti brown mouse 
or rabbit is much brighter than the black agouti, and 
this brightening effect is greatly enhanced in the 
hamster, as a consequence of the initial aurio pig- 
mentation. The auburn colour is due to abundant 
phsdmelanin, which igs possibly only indirectly 
affected by the brown mutation. The simplest 
assumption at present 18 that the brightening is due 
to an optical effect ; although it 1s also possible that 
the modification of black eumelanin to brown could 
so shift the pigmentary proceases that additional 
phmomelanin is formed out of the chromogenic 
substrate. 

The colour of the cmnamon hamster is a rich 
cinnamon-orange. The black flashes of the wild 
type are replaced by brown, as are also the black tips 
of the coat hairs and the shafts of the vibrisem. The 
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dark blue undercolour of the coat is changed to a 
lighter hue. The pale cream colour of the under- 
surfaces (jaw, throat and stomach) of the animal are 

The ear auricula are peach-grey instead 
of black. A most conspicuous alteration has occurred 
in the eye colour, where, by reflected light, the pupil 
glows a rich sanguine red. This feature is mare pro- 
nounced than that found in cinnamon mutants of 
the mouse or rabbit. It would suggest a relatively 
severe reduction in the quantity of eumelanin 
present in the various eye tissues. 

The eye colour of the cinnamon is a brighter red 
than that found in the genetically distinct ruby-cye 
dilute (ruru) hamster’. In this mutant type the eye 
colour, viewed by a reflected light, is a dull ruby red. 
The two mutants cannot be confused, for the ruby-eye 
animal has a diluted bluish-fawn coat. It is of terest 
that the gene combination bbruru exhibits the action 
of both mutant The coat colour is a soft 
cinnamon-beige o the eye colour is a translucent 
red, lighter and distinctive from that of either the 
cinnamon or ruby-eye. It has also been observed 
that the b allele is hypostatic to the cream (66) 
mutation, except for eye colour. The genotype BBes 
has cream-yellow fur colour, while the genotype bbee 
also has cream fur plus the red-eye colour associated 
with b. 

The mutant allele was discovered in the United 
States during the early part of 1958 by a hamster 
fancier, and animals the gene were imported 
into Britain in the early months of 1959. Anim 
nfhle bred to normal females ced an F, of 100, 
all of which were wild type. F, generation oon. 
sisted of 148 $3 B, 160 99 B, 44 33 b and 63 99 b. 
The observed segregation of cinnamon. offspring is a 
good fit to a 3 : 1 ratio (y} = 0-14; P ~ 0-70), and 
the sex ratio is a good approximation of equality 
(xi = 3-17; P > 0-10). A test for possible partial 
sox linkage in the segregation above was completely 
negative (y; = 1-68; P ~ 0-20). 

The evidence in the above paragraphs 
indicates that the cinnamon-orange phenotype of 
the Syrian hamster is inherited as a monogenic, 
autosomal, recessive character. It is suggested that 
the mutant allele is a probable homologue of the brown 
mutation known in several other species of rodents. 

I wish to acknowledge the kind oo-operation of 
Mra. EA E Beher in obtaining apes Dene of 


Roy Roprseow 
St. Stephens Road Nursery, 
Ealing, London, W.18. 


1 Robinson, B., Vetwre, 176, 353 (1955); J. Genet, 58, 85 (1058). 


PSYCHOLOGY 


Experimental Evidence for Extra-Sensory 
Perception 

Smo making my reply (Nature, 185, 949) to 
Mr. O. E. M. Hansel’s communication in Nature of 
November 7, 1959, I have examined the question in 
greater detail. The periodic segmental effect noted by 
Mr. Hansel ia, I find, entirely restricted to the experi- 
ments done at the ‘rapid rate’ of calling ;' in the much 
larger group of 6,039 (+1) trials aimed at normal 
speed, the effect does not appear. As the reader may 


NATURE. 


171 


easily verify by means o? Table XXXII of Appendix 
D (p. 189) of the original Shackleton report (Soo. 
Psych. Research Proc., Part 167), taere is no signi- 
ficant decline in the segments of she run and the 
corresponding graph shovs an absence of any marked 
pattern. This provides a strong argument against 
the hypothesis that the gueaser arranged his hite’ so 
as to fall on certain pre-ascigned positions in the 
scoring sheet. 

Mr. Hansel suggestec that an mspection of the 
positions of the (+2) hits on ths scoring sheets 
concerned might throw light on she question. I 
therefore tebulated the hits in positions 1-23 for 
every column of the ‘apid rate’ sxperiments. At 
first sight I was struck by the number of hite ma 
column which were speced at a common interval. 
For example, column (6) on March 28 contained 
l1 hits in the positions 3, 4, 6, 7, 10, 11, 14, 18, 20, 
21, 22. Of these, five are spaced at four trials apart, 
that is (6, 10, 14, 18, 22) But I disovered that such 
regularities can be obtamed quite a3 frequently from 
a table of random numfers. I opered Tippet’s table 
at page IL, in which the random dig-te are arranged in 
columns of two-figure numbers. 

Starting at the top ofthe first cohmmn and working 
down the sucoseding co-amus in order, I constructed 
random positions in the column for a total of 10 hita 
as follows. Passing ower the two-figure numbers 
92-99 for obvious rearons, but retamig 00, each 
number was divided by 23 and the ~emaimders noted. 
This was continued until 10 remamcers were obtained 
which a randam distribution of 10 (+2) 
hita m the first 23 placee of the oolucnn, the remainder 
0 standing for place Nw. 23. This was con- 
tinued until the first 47 seta of 10 Fits were obtained. 

No gaps were left exoept those corresponding to the 

ers 92-99, and o7 course ths same remainder 
was not used more then once in & set of 10. 

In the fist 47 sets cf 10 (+3) Eita formed in this 
way, there were 17 wth >5 hits spaced at equal 
intervals. 

For example, the firs of these begins at IT (1) 14, 
which means at the fourteenth enxry down the first 
column of page IT of Tappett’s random numbers, and 
the seventeenth begins at II (14) 12. 

There were also 16 sets of 10 each of which oon- 
tained 4 hits spaced at inzervals The first. 
of these begins at II (2: 21 and the last at IT (18) 48. 

In the actual experiment thers are 11 columns 
with soorgs ranging from 9 to 12 and so comparable 
with the control series, and these comprise 4 columns 
each with 5 hits equelly spaced. These occur on 
March 21, 1641 Col. (€&), March =8, 1941 Col. (7b), 
March 28, 1941 Col. (8E) and April 18, 1941 Col. (Ta). 

A simple contingency table : 





gives y'= 0-03 with 0:8>P>C-7, which is not 
abnormal, and this shews that regularly spaced hits 
occur quite as frequently i in a rancom distribution as 
they do in the actual ent. 

The 11 columns of tae actual experiment comprise 
5 columns each with 4 hits equally These 
occur on March 21, 1341, Col. (63), April 18, 1941, 
Col. (5a), May 22, 1842, Cols. (2b) ami (85), and 
Juve 5, 1942, Col. (15). 





mente (that ic 
16, 31, ete.) > 
In addition, 
line number—- 
to mask any 
‘the ‘rapid rar 





obtamed front 
theoretical ve 
result, howev- 
formulated by 
unusually larg 
ita are space 
If a trick w- 
expect runs E 
above the cha 
were to & 
spaced. position 
suitable rando 
he wrote down. 
the agent coul 
the event of f- 
at these five q 
Soal’s analysie 
on every fifth T 
used employm 
tend to produ¢ 
when the expe 
basis of hits re 
Dr. Soal sele 
for his analyse 
average score, 
l 
| 
l 





poy table (without Yates’s 
‘7, which again has no 


segmnental salience effecta 
aany experimenters who 


8. G. Soar 





ly, if a trick was used it 
scessarily reveal iteelf by 
ise in the soores”’. Thus 
y is not present in the 
‘normal rate’ does not 
not employed m those 

resulta for the ‘rapid- 
x the scores from six 
ta for the ‘normal-rate’ 
wore from some thrty 
greater opportunity for a 
the code in the latter case, 
nal letter the periodicity 
the five possible arrange- 
, 10, 15, 20 or lines 6, 11, 
equal numbers of times. 
ee—such as every fourth 
æn used part of the time 
ect. In the case of both 
tormal rate’ experiments, 
cores obtained when two 
used to determine the 
sxipient worked with two 
ı soores at the different 
3 of twenty-five spaces on. 
ned in the tables. It is 
odiarty is present to such 
3 resulta of the rapid-rate 


3 frequencies with which 
at equal spacings on the 
“light on the experiments. 
imates and the value he 
sta agree closely with the 
wy be calculated. This 
soredits the hypothesis, 
: the score sheets have an 
oases where four or five 
n interval. 
ve should not necessarily 
1 spacings to appear at 
us even if the percipient 
five hits at five equally 
30 do so would depend on 
searing. If, for example, 
ols at these five positions, 
uim to obtain five hite in 
idom numbers appearing 
0-0384). But also, Dr. 
uch runs whether spaced 
intervals. Ifa trick was 
ime number, this would 
of hits at smaller spacmgs 
tes are calculated on the 
sed over the column. 
3b eleven, scoring columns 
ould be noted that the 
ven hte per column of 


NATURE '’ 


July 9, 1960 von 187 


twenty-five gueases (twenty-three of which could be 
scored). The percipient would have had to obtem 
about three hits by means of a trick in each column 
of the score sheet, in order to achieve scores similar 
to those obtamed in the experiment. 

Dr. Soal does not say how many experiments have 
ere produced in which the results show a segmental 

ence effect, and I suspect that ‘many’ 1s certamly 
less than ten. Even if a high proportion of the 
experiments on extra-sensory perception have shown 
& segmental salience effect, I would not regard the 
suggestion that such effects are due to faulty experi- 
mental design as improbable. 

Dr. Boal has himself revealed many weaknesses in 
the experimental work of other investigators in this 
sphere, and aa I have pointed out elsewhere!, I have 
been unable to find satisfactory evidenoe for extra- 
sensory perception in spite of many attempts to 
obtain it. If precognitive telepathy does not take 
place owing to processes not existing in Nature which 
permit ite oocurrence—as I consider to be the case-— 
something must be responsible for the highly signi- 
fioant results obtained m some of the experimenta 
and not in others. Whatever it is oan be included in 
the general term ‘experimental error’. While it is 
of interest to know what causes experimental error to 
arise, we must await a foolproof experimental design 
and a result which oan be confirmed by other inde- 
pendent investigatars before having to oonsider 
seriously the hypothesis of extra-sensory perception 
as an alternative explanation. The presence of e 
segmental salianoe effect must be taken in conjunction 
with the fact that there 1s a weakness in the experi- 
méntal design which permits the result to arise by 
means of which are well understood, and 
that exploitation of this weakness without sufficienz 
care would mevitably produce the salience effect. 


C. E. M, Hanami 
Derino of Psychology, 
University of Manchester. 
1 Hansel, O. H. AL, New Sotentia, b, No. 110 (1050). 


Preliminary Psychomotor Stress Studies 
with Subnormal Psychopathic Subjects 


In a series of research studies concerned with 
streas reactivity in adult male patients of subnormal 
intelligence quotient (I.Q.) and of known delinquent 
or psychopathic history, 1t has been established that 
stebility, and possibly prognosis, are related to 
behavioural and physiological measures of stress 
Teactivity!*. Streea reactivity has been regarded as 
a continuous single variable, and ıt seems that 
instability corresponds with very high or very low 
reactivity, and stability with moderate reactivity, 
findings which are similar to those of Lykken’, for 
primary and neurotic sociopaths, and the views of 
Eysenckt and Franks*.’, concernung mtrovermon — 
extraversion and oonditionability. In general, 
physiological measures, such sa the conditionmg-rate 
of the galvanic skin response, correlate more highly 
with various social criteria than do bebavioural 
measures. This is for three reasons: (a) the physio- 
logical techniques reduce extraneous stimulus and 
response factors to a minimum; (b) the techniques 
are applicable to subjectes of quite low I.Q., for 
example, down to 60; (c) the responses usually 
indicate a required range of scores fram unreactivity 
to high reactivity. 
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There is clearly much in common. with this stress 
reactivity variable, Eysenck’s continuum of varying 
excitatory/inhibitory balance and Davis’s* oon- 
tinuum of inertis-overactivity, which was originally 
determined from flying personnel research. Tech- 


ysteriœ, and also 
found a close relationship between the psychomotor 

and autonomic reactions. Using the same 
fechuiane Anthony" found highly significant differ- 
ences ` the psychomotor responses of de- 
linguenta and 


in view of the 
possibility that the Davis-Venables—Anthany tech- 
‘nique might be of practical use in a battery of stress 
reactivity testa designed to predict behaviour for 
subnormal & series of experiments was 
instigated. These were designed to determine: 
(a) the relationship this variate has to galvanic akin 
response conditioning score (streas reactivity); (b) 
the main canstituent of the psychomotor streasor, 
teat is, whether it is speed stress or load stresata 
or both; (6) the modifloatians n; to make 
the technique more practicable for low I.Q. sub- 
jects. 

The 


moderate rate of presentation; series B, complex 


canditions ; (b) the difference in speed under oon- 
ditions B and O ; (c) the direction of change, that is, 
morease or decrease in 

For practioal purposes, and in order to overcome 
the time ing Measurement of 150 individual 
responses for each patient, modified apparatus was 
designed and constructed with the aid of money 
made available by the Mental Health Research Fund. 
As in the previous experiments by Venables and 
Anthony, the subject is required to move a lever 
from a centre position to the right or to the left 
m response to visual signals on a display panel. With 
the new technique the lever is arranged to activate 
& 10 counte/sec. electronic pulse clock on being moved 
off centre. An el i I 


from a revolving scale. Stimulus presentation haa 
been, automatixed by using a pulsed uniselector so 
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that the whole test, involving 150 sia aia aa 
pairings and calibration, occupies 7-10 min. 

Five experimental trials have been carried out with 
different groups of 20 patients of T.Q. range 60-90, 
and one trial with normal male adults. Trial 1 
followed the Venablee-Anthony s-imulus presenta- 
tion procedure in respent of both speed stre (time 
interval between stimuli) and loac stress (the corn- 
plexity of the stimuli), and was found to be beyond 
the capebilities of too many patients. Trial 2 used 
the load streas but left the presantation-rate oon- 
stent at a moderate level for series’ A, B and C. 
No significant oorrelation ooefficenta were found 
between any peychomotor variate and conditioning 
score. ‘Trial 3 investigated the >ractioe effect by 
presenting series A conditions three -imes in succession 
and comparing the resultant soome with those for 
trial 2. No significant differences were found, and 
it was concluded that the load s:reas, on ita own, 
is unimportant in producing significant behaviour 
for these patients, with this test. In view of this, 
the subsequent experimenta investigated the rate of 
presentation factor in relation to galvanic skin re- 
sponge conditioning with load concitions uniform for 
series A, Band O. No significant correlation coefficients 
were found for trial 4, when the rete of presentation 
wag increased from 80 signals a minute in Series A 
and O to 50 signals a minute in secies B. In trial 5, 
the rate of presentation was further increased to 


response. 

variate R/W, or speed, for series B, and the difference 
in B/W between series B and O. Assessed against 
galvanic akin response conditioning soore, y*= 8-6 and 
8-4 respectively, P=0-05. The nemal subjects were 
tried at a ion-rate of 50 signals a minute, but 
R/W soores did not differ significently from those of 
the patients under the same concitians. 

No firm conclusions are possible at this stage ; but 
the indications are that Anthony’s finding concerning 
psychomotor stress in relation zo relatively mild 
delinquent instability, oan be amociated with the 


i 


instability. The automatized technique has consider- 
able practical appeal, but it seams neceasary to con- 
centrate more upon the rate of stimulus presentation 
stressor than the stimulus load stressor, and judicious 
experimentation with the former may provide valuable 
information. uae 


J. E. Tone 
I. 0. Munrer* 
F. R. Apamat 
Psychology Department, 
Rampton Hospital, 
Retford, Notte. 


» and Murphy, L O. J. Olin, Peyohol. (in the press). 
T. J. Seo, 


J 
. Sn J. Mont. Soi., 101, 28 (1065). 
J. 


. Bn “Pilot : 
Stationary Offios, 1945). 
* Venables, P. H., Brit, J. Psyohol., 46, % 01 (1988). 
Venables, P. H., J. Gen, Payohol., 6B, 100 (1956), 
u Anthony, Waters, 183, 343 (1950) | 

J. Indust. Aded.p 8, 1 (3051). 
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interesting ; but they cannot be considered as pro- 
viding a possible explanation of the unusual thickness 
of the Piltdown cranial bones, for two reasons: 
(1) Chemical analyses have confirmed that the Pilt- _ 
down oranial bones are slightly mineralized (for 
example, they contain 0-1 per oent adsorbed fluorine) ; 
indeed the conclusion that they are sub-fossil ae 
recently been confirmed by radiocarbon dating!. Bub- 
fossil bones which have lost a considerable proportion 
of their collagen matrix obviously will not be ex- 
panded appreciably by any chemical treatment—or 
at least not to an extent anywhere nearly comparable 
Seu Che a a 
specimen with full collagen content. (2) The striking 
Uniformity end eal exe of the iploio epacce i 
the Piltdown cranial bones are incompatible with 
any artificial expansion. 
- In the British Museum collections here there are 
other crania with walls not only as thick as those of 
the Piltdown cranium, but also showing the sane oom- 
bination of naturally thickened diploe and extremely 
thin inner and outer tables. The two most striking 
examples are the cranium of an Ona Indian from 
Tierra del Fue , which has already been, figured in 
comparison, Piltdown', and a Bronze Age skull 
from Sutton Courtenay in Berkshire (Oxf. 2.118. 227). 
Kuwware P. OAKLEY 

Sub-Depertment of Anthropology, 
British Museum (Netural History), 

London, 5.W.7. 
1 Nature, 184, 224 (1050). 
* Bull, Brit, Mus. (Wat, Hist), Geol, 8, No. 6, 250 (1988). 


MISCELLANY 


The Serengeti National Park 

Taa interesting article on this subject by Dr. A. 8. 
Thomas in Nature of May 21, p. 605, seems to call 
for the following comments : 

(1) The new northern extension of the Park 
(‘fly-bugh’ country without human inhabitants) was 
not added for the sake of antelopes, but because it was 
reported to be rich in elephant and rhinoceros. 

(2) The southern boundary of the Park was, in the 
west, pushed outwards practically to the edge of 
present cultivation; the overspill of the ungulate 
migration to the south-east falls largely in the Con- 
servation Unit under Government administration or in 
areas to some extent controlled with regard to ‘game’. 

(8) It is known, ab least in respect of some types of 
ground, what may be expected to happen when 
pastoral activity is elrminated; large perts of the 
Park were already free from this. Moreover, in what 
is now the Conservation Unit (Ngorongoro) wild 
animals and domestic herds will continue to 00-exist. 

(4) The withdrawal of the Park boundaries from 
an aree where human utilization could not be elimin- 
ated, that is, the Conservation Unit, was recommended 
mainly because experience has shown that dual 
control by Trustees and Government is unsatiafac- 
tory; and only where there is no human oconpation 
can Government allow park trustees a olear field. 
, In the Conservation Unit the Government has an 

of demonstrating what can be done in 

the way of reconciling conservational and pastoral 

interests—an experiment of great interest, on lines 
suggests. 


such as Dr. Thomas 
LANDSBOROUGH THOMSON 
Zoological Society of London. 
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= BRITISH DEFENCE RESEARCH AND DEVELOPMENT 


HE pattern, of British defence policy can seldom 

have been so quickly transformed aa that set 
‘orth in the Report on Defence* issued on February 
wa7. Olaiming that during the third year of the Five- 
veer Plan for Defence the Government’s broad 
lefence policy had undergone no major change, the 
scent White Paper on Defence admitted that it 
night be decided not to rely exclusively on fixed- 
site missiles as the successor to the medium bomber 
armed with the stand-off powered bomb. Accordingly, 
she possibilities of mobile launches, whether aircraft 
x submarines, for long-range delivery of nuclear 
warheads are being investigated. 

In opening a debate on this White Paper on 
February 20, the Minister of Defence, Mr. Harold 
Watkinson, paid a tribute to the work of his Chief 
Scientific Adviser and his team of experts, and 
referred to the immense technological changes taking 
Place in defence by new methods of computation 
and production, which are enabling problems to be 
solved which could not have been even formulated 
Witl, precision @ few years ago. But, apart from sug- 
gebting that we might be led to give greater emphasis 
to mobility and flexibility, he said nothing further to 
foreshadow his announcement on April 13 that the 
Government haa decided to discontinue the develop- 
ment of Blus Streak as a military weapon. Indeed, 
on February 29, he had endorsed what Mr. Sandys, 
his predecessor as Minister of Defence, had said in 
the Defence debate in February 1959, thet Blus 
Streak was going ahead, but that we would watch the 
progress of other developments in the United States 
and elsewhere, and that with the rapid advances of 
science, which are constantly upsetting earlier agsese- 
mente, strategic PEE TE opa 
never be or ineviteble-. 
Specialis, ha meid that wiist aye have leaned Lom 
the development of Blus Streak has been of some 
help to the Americans, and that we have already 
learned much both im the technique of propulsion 
and in the design of the very complicated guidance 
and computation systems that are the neceasary 
concomitant of any ballistic missile. Final decisions 
on the balance Britain should hold between fhred-site 
missiles and mobile Isunchers, Mr. Watkinson said 
then, had not been taken, and he would like much 
more information about Skybolt, a ballistic mimile of 
considerable renge which could be launched from an 
aircraft, and also about the future development of 
Polaris, a solid-fuel rocket generally designed for a 
mobile role, and he was also having examined more 
clogely the defence aspects of space rosearch, at which 
he thought we need to look very carefully. Lord 
Hailsham, too, in the House of Lords debate on 
March 9, had been equally emphatic that British 


* Report on Defines 1060, 18. Omnd. %52.) (London : H.M. 
Btatlonery Office, 1000.) 1e. cae £ } 


me 


_ policies must be constantly open to revision, and 


equally he stressed the fact that the muclear weapon, 
though in his view Indispensable, is ne more than one 
of the factors that make up defence policy. Of the 
£1,600 million covered bythe Deferms Estimates, no 
more than, about 20 per cent could te attributed to 
the nuclear deterrent and “ts defence, and 10 per cent 
to the deterrent itself. ADdout 14 per cent was spent 
on research and development, and in this connexion 
Lord Hailsham affirmed tast we must be ruthless in 
our determination to scrap anything which cannot 
be justified, and resolute to support whatever is 
necessary by way of research and development. 
Little was, in fact, said about defarce research and 
development, though, in the House 2 Commons, Mr. 
J. Grimond suggested tast, taking research into 
account, the whole of the 2uclear wexpon, programme 
of research and development would represent 15-20 
per cent, and Sir Alexancer Spearmen asserted that 
on research alone the United States in spending more 
than double our defence budget. Mr. Watkinson 
asserted, however, that itis much neerer 15 per cent, 
but on April 18 he admisted that the coat of oom- 
pleting the Blue Streak sroject would be between 
£500 and £600 million. None of the £95 million 
already spent would be vasted if it-was decided to 
go ahead with Blus Streas as a Jaunsher for a space 
satellite ; but the admitted costa for Ssaslug, Thunder- 
bird and Firestreak bring ihe estimased missile bill to 
some £205 million, leaving-out of acoound the stand-off 


“weapon of the Royal Air Farce designad to be lamohed 


outaide the range of the enemy’s defences, for which 
no figures are available in the Azaditor-General’s 
recent analysis. Incidentally, Sir Frederick Brun- 
drett, former chief scientist to rhe Ministry of 
Defence, who still consicers that Bius Streak could 
provide ab least until 1970 an effect-ve independent 
British contribution to tae Western deterrent, has 
also supported the submarime-launched missile in 
preference to an air-launshed missile. 

There are two points mede in these Defence debates 
that are of particular imerest to fhe scientist and 
technologist. First, the inordimate time taken to 
plan, develop and produce the more complicated and 
technical weapons of itsel” moreases the expense, and 
Lieut.-Commander 8. L. U. Maydon suggested that 
it might be worth while to set up a.mall committee 
of experts consisting of an experienrsd industrialist, 
@ senior Service officer of ‘1p-to-date idees and & man 
experionced in time-and-—notion study to look into 
the possibility of ine the time zaken to design 
and build a ship, aircraft -tank or oher equipment. 
Commander Maydon did not sugges» that this would 
lead to more than comparatively mīnor savings or 
short cuts, but in view of the magnitude of the 
expenditure involved .ttey. could be well worth 
while. 2 


of Aviation | 
supply of gui 
of much rads 
of nuclear wr 








NATURE 


_the Report on Basic Research in the Navy by the 


nea a comment made by 


lett in a defence debate last’ . 


outside a small orrele of 
nt ofðojals and posmbly 
to answer the vital ques- 
possess the information 
“any opinion worth while, 
L an editonal comment in 
ure by General Sir John 
tragedies of our modern 
thnological advance is so 
has left the Servicos can 
w inventions. One of the 
> the Services the benefit 
1 of their senior retired 
? touch within six months 


t put it, is a novel and 
‘ew people indeed possess 
out which the study of 
ate of time, and a perusal 
moe, on the Air Estimates, 
Army Estimates provides 
jesprte all the efforts of 
mt to obtain factual and 
E. L. Malialisu’s comment 
ı the Navy Estimates that 
e nothing like the sources 
members of Congress in 
g suggestions or criticiams 
e noted. Nor can it be 
rteelf adds much to the 
e for discussion on the 
pects of British defenoo 
he increasing need in the 
atific and technical know- 
ccallent equipment of the 
1 development establish- 
y scientists and engmeers 
The maintenance of the 
aentes ia a vital feature of 
_ scientific establishments 
to the War Office from 
mg with the functions to 
every care is being taken 
3 and technical resources, 
al staffs, which have been 
er recent yoars, are pre- 
ogements. With the dis- 
‘ of Supply, the Ministry 
an responsibility for the 
neluding ballistic misamles, 
ilectronic equipment, and 


ant contributions to in- 
cantly become available. 
chan’s examinstian of the 
dence published by the 
idies, to which reference 
ance debates. The second 
- Tizard Memorial Lecture 
tate on February 11 and 


' ch 5, p. 647. The third is 


July 16, 1960 VoL 187 


United States Naval Research Advisory Committee*. 

Reference was made to the latter report in Nature of 
February 27, but was confined to only one interesting 
aspect of the inquiry—the possibility of measuring 
the effectiveness of research and development—and 
by no means indicates the extent of the contribution 
which the two volumes of this report could make to 
the public understandmg of the interrelations of 
defence and civil research. Besides this model for the 
discovery and application of knowledge, which is the 
major appendix constituting Vol. 2, together with 
some man-power studies bearmg on research and 
development, there is a chronological list of naval’ 
technical developments to ilustrate the impact of 
science and technology on the evolution of the United 
States Navy and a brief bibliography. The first 
volume comprises the conclusions and recommenda- 
tions of the Naval Research Advisory Committes and 
the report +o that Committee on basic research in the 
U.S. Navy, prepared by A. D. Little, Inc., setting 
forth the nature of basic research and ite relation to 
military ends. 

It is these conclusions and recommendations that 
deserve to be noted st the present moment when 
musgivings are being expreased about the soundness 
of the scientific and technical advice being tendered 
on defence matters m Brriain, and the adequacy of 
existing arrangements to ensure that such advice is 
timely and effective. The report points out that in 
the past basic research has transformed naval 
strategy and taoctios by its findings m such fields as 
radar, mertial guidance, missile propulsion. and 
nuclear propulsion, and suggests that the United 
States Navy should support enough research in each 
area of interest to provide effective coupling and 
judgment for its own needs. That may well be too 
much a counsel of perfection for Britain, with her 
more limited resources ; but it is assuredly true for 
her also that each Service Department should be 
competent and alert to appreciate the scientific 
findmgs of ita own or other workers, and the sig- 
nificance of such findings to ita own responsibilities 
and functions. 

The Naval Research Advisory Committee considers 
that the basic research effort in the United States 
Navy should be about doubled to restore the former 
relation of basic research to the total research and 
development effort, and this would bring that effort 
nearer to the 16 per cent now current in progressive 
soientific and engineering industries. The report does 
not attempt to detail the programme proper, but jt 
suggeste that the Offloe of Naval Research should 
prepare detailed programmes in some seventeen 
fields of scientific work related to the missions of 
the Navy. Some of these are obvious prime or major 
responsibilities ; others require effective ¢o-ordination 
with what is being done elsewhere. The fields speci- 
fically listed are: physica; astronautios and aero- 

* U.B. of Defense. s Deparment or ha ANT: Naval 
Research Advisory Dogue Baa in the Na 

to the Secretary of the Xavy inr Dy Liede na.n A ie E 


fides, ae prepered 
x+. Vol 2: Pp. e108 (Washington, D. 
the Navy, 1959.) 
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nautical enginoering ; ntonl Benovo: electronics ;, , Army Estimates on March 9, pn urging the 


mechanics ; medical sciences ;. biology and biological, 


scienoes; oceanography ;. chemistry ; geography; 
psychology; operational research; meteorology ; 
astronomy and astrophysics ; mathematics ; com- 
bustion ; earth physics. `- 

Tt is not suggested, of course, that the U.S. Navy 
should attempt to cover all aspects of-these fields, 
and it is recognized that, m planning research, use 
should be made of scientists and administrators from 
‘the universities and mdustry. Moreover, when a total 
programme has been prepared, a critical review is 
noeded, to ensure that the total cost is withm the 
budget. Although the report says comperatively 
little about the co-ordination of naval research in the 
United States with that of basic research for the 
other Services, apart from the admirably chosen 
examples of the way in which advances in basic 
science and technology have affected naval tactics 
and operations, these proposals demonstrate the 
dependence of naval efficiency on an adequate 
national effort in research and development, and the 
oxistence of appropriate means of ensuring that that 
effort is adequate and that its results are effectively 
communicated. 

It ia here that Prof. Blackett’s lecture is so per- 
tinent. He gives us much more than a thoughtful study 
of the influence of one man of outstanding ability. 
Ifo indicates the qualities that are desirable in those, 
both within the Services and outside, who are called 
upon to decide on the programmes of research and 
the resources to be allocated to them. His lecture, 
too, is highly suggestive as to the conditions which 
favour the throwing up of such men and establishing 
co-operation and confidence between the Services and 
soientista and technologists. His comments both on 
the Defenoe Research Policy Committee and the 
Advisory Council on Scientific Policy, as well as on 
the importance of the Institute for Strategic Studies 
are also constructive, and it should bo noted that 
Prof: Blackett considers that the Defenoe Research 
Policy Committee has proved a more effective 
instrument than the Advisory Oounoil on Scientific 
Policy. 

Whether, in fact, the Defence Research Policy 
Committee is still sufficient may well merit re- 
examination. It has been suggested that the system 
by which each of the three Services has a chief 
scientific adviser with a staff of scientists, and the 
Ministry of Defenoe a chief scientific adviser to the 
Government is insufficient, and that there should 
also be & scientific member of each of the boards or 
councils of the three Services and of the Chiefs of 
Staffs Committee. That seems, however, unlikely to 
be effective unless the other members of those bodies 
ate capable of assessirig the significance of acientific 
adviop, and the solution of the problem may well 
turn on that of men and training sa Prof. Blackett’s 
lecture indicates, and the finding of men possessing 
the qualities which command respect from the Services 
and scientista alike and capable of understanding the 
issues involved and inspiring the co-operation 
required. Mr. F. J. Bellenger, in the debate on the 


‘importance of senior cToers in aL the Services being 
equipped with scientific knowledge and training, 
rather implied that this ia not yet generally the 
case. 

Given those conditions—eppropriate organization, 


an adequate supply of men of she high qualitice, 
vision, and sound juczment, as well as conditions 


‘which favour the informal contaste and discussions 


to which Admiral Hallett referred, with which ahy 
formal organization should be supported—it will still 
be difficult enough to rach wise decisions on strategy 
and tactics. Apart fom the danger that political 
prejudice or uninformed judgments may take control, 
there is always the ris= in this rapidly changing and 
complex technological world that matters of tactics 
may determine strategy, and ever. the policy behind 
strategy, and here sum books as Alaster Buchan’s 
“NATO in the 1960's: The Implications of Inter- 
”* are valuable. 

. In this field and at this stage the scientific and 
technical cant be sharply separated from 
the political. All that she goientis: or technologist as 
such can, hope to do isto see thatthe former aspects 
are adequately and effectively presented, and that 
their irhpliostions are grasped. If as The Koonomin 
has suggested, the key question of our time is where 
in, the civil field the investment of extra resources im 
research might pay the best dividends, or what is the 
scale of research and davelopment it might be worth 
while devoting to particular industries or sectors of 
the economy, the question of priorities is equally. 
vital in defence. Indeed, it is the factor which should - 
decide what we can afford to spend on defence ; and | 
apert from any risk thet our regeasch effort generally ` 
may be affected by considerations of prestige rather 
than sound economy, the suggestion that too much 
effort has been put inso nuclear energy, electronics 
and aircraft, and too ittle into machine tools and 
shipbuildmg, should mot be dismissed without 
examination. - 

Mr. Buchan’s book is primarily an attempt to 
grapple with the problems which confront the North 
Atlantic Treaty Organization im ite second decade. 
He seeks first to define those requ-rements and then 
examines the adequacy of existing arrangements and 
resources to meet those demands. In effect, he con- 
siders that the channelling of an mcreasing proportion 
of our resources into nuclear weapons has left us 
incapable of defending local or s»condary interests 
„by traditional methoda and he maintains that con- 
ventional forces are not outmodel. He questions 
algo the wisdom and utility of the policy which has 
given Britain an indepondent fcree with nuclear 
bombs and bombers. Deterrence, he argues, has 
replaced defence, and Ae would tansfer to NATO 
the British mdependens nuclear farce. 

‘That view is not accspted by Prof. Blackett, who, 
in & comment appended to the bock, rejecta the idea 
of creating a European system of intermediate-range 


* NATO In the 1060's: The tions cf In 
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Alastair Buchan. pga ee (Landon : W and Nicholson, 
TLEL. 1000.) 12s. nek, oe 
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be done by making our conventional forces in- 
effective. i 

Lord Shackleton, however, took a very contrary 
view, in refering m a House of Lords debate on 
May 3 to the decision to abandon the development 
of Blue Streak as a misilo. Quoting Prof. W. R. 
Hawthorne’s opmion, expreased at a meeting of the 
Parhamentary and Scientific Committee, that if we 
shut out a new technology or Jet it filter slowly 
through from some foreign country, we should reduce 
the resources of skill and experience upon which our 
designers can draw, Lord Shackleton waa urging not 
so much development of the independent deterrent 
as of & space-research programme offering prospecta 
of a major scientific and economic development. 
Lord Hailsham had said in the earlier debate on 
defence on March 9 that he was convmoed that 
humanity must find a means of abolishing of con- 
trolling nuclear and other weapons, or sooner or later 
disaster would occur; but that the abolition of 
nuclear weapons must be considered in the context 
of general disarmament. On May 8 he pointed out 
that if by ‘mdependent deterrent’ we meant ane of 
such power that by the use of ib alone we could hope 
to engage one of the Great Powers on our own with 
hope of victory, in his judgment Britain has never 
had and is unlikely to have such deterrent. AI we 
have at present is a significant part of the Westegn 
deterrent under our control. 

Apart from linking this question of a nuclear 
deterrent with that of disarmament in general, Lord 
Heilsham’s speech on May 3 is of interest for what 
he said about the close balance of the arguments both 
to start the development of Blue Streak as a missile 
and to stop it, the conditions of Anglo-American 
co-operation and his reply to Lord Shackleton on 
space research. Lord Hailsham said that we are now 
spending about 8 per cent of our gross national 
product on foreign aid or on defence, compared 
with 11 per cent by the United States. The question 
of space research, he said, should be approached with 
great caution, as we must be selectrve in what novel 
technologies we can develop, and if Blus Streak is to 
be developed for that purpose it would be a first 
consideration whether this might not be & co-operative 
enterprise. The decimon to undertake space research, 
however, must be based on careful appreciation of 
the scientific and technological factors Involved, and 
while Lord Hailsham agreed that space research may 
have important secondary effects on the rate of 
progress in such fields as electronics, metallurgy and 
telecommunications, Lord Hailsham was clearly 
averse to making any switch m our fully extended 
scientific effort without due forethought. 

The harmonious working of the present system of 
defence research and development im Britain depends 
largely on the tact, efficiency and self-effacement of 
the staff of the Ministry of Defence. They create, 
indeed, an atmosphere and tradition for successful 
mter-Service negotiation and co-operation. What is 
clearly algo required is something of the same stmo- 
sphere and tradition between defence and civil 
research, such as Sir Henry Tizard was so successful 
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in mgprring. The Minister for Science has undoubtedty 
a large part to play, and the Government’s ultimate 
decimons regardmg Blue Streak and space research 
may well indicate algo how effective the arrangements 
for co-ordinating civil and defence research and 
development are likely to be, now that the new 
Mumistry has been establiahed, and whether it is not 
moperative to re-examine urgently, the functioning 
and relations of both the Defence Research Policy 
Committee and the Advisory Council on Scientiflo 
Policy: If the debates on the White Paper on Defence, 
on the Service Estimates and on the Blus Streak 
missile have done nothing else, they have demon- 
strated the need for informed and impartial dis- 
cussion, especially in scientific and technical circles ; 
and at the same time they have shown up the absence 
of mach of the mformation upon which any such 
discussion must be based if rt is to be worth 
while. 


CONTROL OF SCIENTIFIC 
RESEARCH IN THE UNITED STATES 


Selence and State Government 

A Study of the Scientific Activities of State Govern- 
ment Agencies in Six States. By Dr. Frederic N. 
Cfhaveland. Pp. xvi+161. (Chapel Hill, N.C.: 
University of North Carolina Press; London : 
Oxford Unversity Preas, 1959. Published for the 
Institute for Research in Social Science.) 8.50 
dollars; 28s. net. 


some extent, Dr. Cleaveland’s study of the 


| scientific activities of State Government Agencies 
in the six States of California, Connecticut, New 
Mexico, New York, North Carolina and Wisconsin is 
a complement of D. K. Price's ‘‘Government and 
Science’, which was concerned essentially with the 
scientific actjvities of the Federal Government and 
the interaction of science and publio policy. Dr. 
Cleaveland scarcely enters into those issues. 
For the British reader his book lacks the outetanding 
interest of Mr. Price’s study ; however, some at least 
of the ience he surveys bears on problems 
encoun in Great Britam. There is no clear 
parallel in British experience to the State system, 
though strong preagure bas at times been exerted for 
the establishment by the Department of Scientific 
and Industrial Research of local research stations for 
Scotland or Wales. The six States covered by this 
report are already expending £115 million a year on 
scientific activities as com with en estimate 
for 1960—61 of some £12-7 million for the Department 
of Scientific and Industrial Research, £5 million 
for the i Research Oouncil, £4 million 
for the Medioal Research Council and more than 
£65 million’ for universities and colleges, eto. 

No local scientific expenditure of such magnitude 
is to be found m Great Britain, and although these 
sums are small against the Federal Government 
expenditure on scientific activities of approaching 
£1,000 million, they raise, as Dr. Cleaveland shows, 
important problems of oo-ardination and balance. 
There are, for example, considerable variations in 
the expenditure in particular fields as between the 
‘six States; in agriculture it varied from a fifth to 
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*two-thirds of the Stare expenditıre in that field, 
‘whereas in health, eCucation ani welfare it was 
usually leas than 0-5 par cent, anc only as much as 
l per cent in one BStete. In ths development of 
resources and public works, it was 1 per cent or less 
in four of the States, bub in the eami-arid States of 
Califorma and New Mexico, with major ‘problems of 
physical resources and significant mineral resources 
the figure was 1-7 and 2-8 per vent, respectively. 
Agam, four States invested 8-4 pes cent of the total 
expenditure on the ftate university in scientific 
activities, chiefly research, and in Wisconsin and in 
California this figure mn to 5-8 and 8-5 per cent, 
respectively, probably because cf the extent to 
which these two States rely upor their universities 
for the provision of major research activities. In 
California, indeed, mcre than 9£ per cent of the 
expenditure on scientific activitiee was on research, 
compared with 70-775 per cent in the remaini 
States. i on basio research in 1954 vari 
from lees than 0-5 million dollars in New Mexico to 
10-5 million dollars in California, or 16 per cent and 
39-5 per oent of the budget for scientific activity 
compared with 25-83 per cent in the remaining 
four States, and some 40-50 per cent on applied 
research (70 per cant in New Mexiso and 60 per.cent 
in California). The study also indicated that State 
research efforts are heevily weighted in the direction 
of the biological sciences, physical sciences receiving 
only 20-80 per cent of research funds in four of tho 
States, only 5 per cent in New York but nearly 50 
per cent in New Mexico, campared with 87 per oent 
from the Federal Goverxment’s reezarch and develop- 
ment expenditure. A 
There was some State expenditure on related soen- 
tific activities, such e scientific information, the 
training of scientifle men-power and the planning and 
administration of reseacch, and Dr Oleaveland found 
that the allocation of scientific man-power was in 
accordance with the dicture of scientific activity 
provided by the analysis of expenditure, and his 
analysis of the role of the State tniverarty suggests 
that in some measure the idea of a ~egional university 
has found favour. Problems cf administration, 
inter-government relat ons and tke position of the 
scientist under the ftate .Govecnments are also 
discussed, and in his ccncluding ckapter Dr. Cleave- 
land presents his conc-usions and. points to certain 
revealed by his study. As might be 
expected, one is a leok of balance in scientific 
activity, and another tke limited us made of research 
as a means of aiding policy. Nevertheless, he suggesta 
that scientific activity at the Stare-level is already 
assisting the practice of State Government in various 
ways, but it would appear that for the more effective 
utilization of scientific as well as national resources 
further aseistance fronr Federal institutions such as 
the National Science Foundation, which has issued 
ite own report on this survey, is needed. Of particular 
interest also is the pictare given of the State univer- 
sities and the pattern of their dependence on Federal 
and on State support ; but the iasues mvolved are not 
really discussed thougk they will largely determine 
the success or failure oZ the present effort to expand 
scientific and technological education in the United 
States. To the British teader some such examination 
of the factual data asesmbled in this survey would 
have been welcome, especially as tere and there Dr. 
Cleaveland shows that he is fully competent to make 
such an appraisal. R. BRIGHTMAN 
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showing signs of hasty preparation, being marred by 


` peveral misprints, these appendixes should prove of 


enormous help in providing the necessary scientific 
background for the ‘non-technical’ reader; and at 
least one electrochemist found them to constitute 
rather more than & refreaher course. Perhaps, how- 
ever, we could have had a little more about exchange 
currents and the differences between the hydrogen 
and oxygen reactions in this respect, in view of their 
important bearing on over-potential in corrosion 
and electroplating systems. 

As well as re- ing lis material, the author has 
slightly expanded it (what was 800 pages in the 1948 
edition of ‘Metallic Corrosion, Paasivity and Proteo- 
tion” is now 940 pages), mn particular as regards the 
oonjoint action of stress and corrosion, hydrogen 
oracking and the corrosion of buried metals. Four 
chapters are devoted to oxidation, six to electro- 
chemical corrosion, three to a consideration of practi- 
coal environments (for example, boilers), three to 
conjoint effects (stress-corrosion, corrosion fatigue 
and fretting corrosion), three to corrosion protection 
(coatmgs and inhibitors) and there are two chapters 
on testmg methods and the statistical treatment of 
data. 

One could not wish for a more comprehensive or 
well-written book, and, despite the threefold morease 
in price since “Metallic Corrosion, Passivity and 
Protection” in 1948, there can. be no doubt that it 
constitutes a ‘must’ for anyone hoping to keep 
abreast of corrosion science and practice. 

J. M. Wrst 


PROGRESS IN NUCLEAR SCIENCE 


Annual Review of Nuclear Science 
Vol. 9. Edited by Emulio Segrè and Leonard I. 
Schiff, m association with Gerhart Friedlander and 
Walter E. Meyerhof. . vii +625. (Palo Alto, 
Calif.: Annual Reviews, . 1959. Published in 
co-operation with the National Research Council of 
the National Academy of Sciences.) 7 dollars. 
HE ninth volume of this series mamtains the 
high standard set in previous years. Wilkinson 
reviews the recent, and on the whole satisfactory, 
developments in the theoretical interpretation of 
nuclear photodisintegration experiments. The high- 
energy field ıs again prominent. Chew contributes a 
clear and concise discussion of the recent field 
theoretical approach to pion-nucleon interactions 
through dispersion relations and ‘polology’. This 
is & difficult subject but of great importance for the 
understanding of high-energy interactions. Hagh- 
energy nuclear reactions are discussed by Muller and 
Hudis. This embraces spallation, fragmentation and 
fission at 100 MeV. or more and includes a detailed 
compilation. Okun’ (Moscow) discusses the weak 
interactions, that is the decay properties of the new 
strange particles. This is the portion of high-energy 
phynics which is changing most rapidly. Konopinski 
contributes a most useful review of B-decay theory 
which is timely now that the violation of parity 
‘revolution’ is complete. It complements Okun’s 
article admirably. 
Four reviews of very general interest are nuolear 
fission by Halpern, nuclear electronios by Kendall, 
and fusion research by Post and fast reactors 
by Koch and Paxton. In all these subjects many 
interesting aes can be reported. An article 
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tunately only pertinént to the United States and so ` 


is of limited interest. 
Two chemical contributions, technetium and asta- 


‘fine chemistry by Anders and solvent extraction by’ 


Frewer and Morrison record ‘facts and techniques 
hitherto scattered through project reporte. Three 
radiobiological articles as usual the volume : 
vertebrate radiobiology (embryo. ogy) eae ae 
biochemical effects of radiation by Ord 
and cellular radiobiology by Atwood. ser ea 
strate the continuing advance in this broed field. 
E. B. PAUL 


MASS, LENGTH AND TIME 


An Introduction to the Physics of Mass, Length and 
Time 
By Prof. Norman Feather. (Boienoo and Mathematios 


Nelson and Sons, Ltd.) 18s. net. 


HE early part of this excellent book deals with 
the history and philosophy of fundamental 
measurement, e with the practical problems 
of defining, preserving and reproducing standards. It 
is a fascinating story, told with scholarship and skill. 
The rest presents the usual matter of a course of 
Advanced Level General Certificate of Education 
standard in mechanics and general physics in an 
unpretentious and thoughtfully penetra 
Prof. Feather has, as he pute rt, ee a D wh 
the calculus’. This is not really hauteur, but a 
means of enforcing a pace of slow and careful reading ; 
the modern student is all too fluent, and oan use it 
slickly without thinking. At the same time, it oan 
be argued that the moment you imtroduce the oon- 
cepts of velocity and acceleration, draw a oontimuous 
graph, or use moment of inertia or impulse, you are 
really using the calculus, though not ita notation. 
You do not remove the tune from.a piece of musio 
by writing it in tonio sol-fa. The author does unbend 
a little in the last chapter, in fact. But if he had not 
himself directed attention to this point specially, it 
would not have called for comment. 

Newtonian mechanics, and what John Cox called 
Ba pee prinsipi » , are clearly explained, 
with emphasis e importance of the third law. 
IL Ghats chapeer woscuinlo e enik 
is really. a much deeper matter than the usual 
elementary books suggest. Gravitation is treated 
historically, starting with the genesis of Newtan’s 
law and ending with the design problems of apparatus 
of the type devised by Cavendish. For the rest, the 
discussion of the struggles of Archimedes with 
law of the lever, and that of surface tension in terms of 
interfacial energy and molecular attraction, are among 
the many stimulating treatments. 

The general outlook of the book is more like that 
of “Norman Campbell” or ‘‘Pearaon” or “Pohl” than 


possibilities for class use, and it would certainly be a 
valuable book for students to read. It pute the inquir- 
ing spproach of the scientist before the factual know- 
ledge of the examinee. The liveliness and effortless dry 
humour, fortified by a wealth of historical detail, make 
it very pleasant to read, and the publishers have pro- 
duced it most attractively. G. R. Noaxzs 
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- SPOTTING KETOSTEROIDS 


Oxosterolds 
The Use of Phenolia Hydrazides for Detection, 


. vili+79. 
Co., Ltd., 1960.) 12s. Sd. net. 


VS ee 
be estimated by some mcdification of the 
Zimmerman reaction, aad the oolocrs givan by differ- 
ent ketosteroids with alkali and m-dinitrobenzene 
have long been used in *spotting’ a paper chromato- 
grams and in the test-sube as a mugh guide to the 
position of the keto group in the steroid molecule in 


‘would condense with known physiologically important 
ketosteroids to give hydrazones which oould be used 
to provide a quantitative method replacing the 
Zimmerman procedure. to identify individnal | keto- 
steroids as spots after chromatagraphy on pope 
and in the histology of steroid>ontaining tissue 

After forty-one pages, he arrives at sali clio acid 
hydrazide (saliooyl hydrazine), which givea, 
with ketosteroids, hyd-ascnes thas can be used for 
these purposes. The carly part cf tho book bas a 
short account of soma methods used for steroid 
estimations and also details of Dr. Oamber’s less- 


experimenter, Ba0w 

technique of spot testing in ‘Cellophane’. 
clear that he has enjoyed doing and expounding his 
work. He is perfectly frenk in ncb pretending that 
his reagent is perfect for the puzposes suggested : 
he gives details and chviously would prefer those 
interested to tay it for themselves. 

Workers in this fielc will be willing to buy this 
book for the ‘know-hew’ which b contains. Full 
experimental details are given for all methods, 
Tean dy ecliptic 

ie ek ce e 
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STUDIES IN MARINE PHYSICS 


The Gulf Stream 

A Physical and Dynamical Descorintion. By Henry 
Stommel. Pp. xiii+202 (Berkeley and Los Angeles : 
University of Californie Press ; Landon : Cambridge 
University Preas, 1958. 45s. ‘net. 


Europe, at least, marine biobgists vastly out- 
number marine Se 
that has preven cists from becoming inter- 
ested in the oceans is the difoulty of findmg concise 
acoounts of the prob:ems written in the precise 
terms to which they ere accustomed when 
with modern gcienoe. Dr. Stommel is one of the 
leaders of a strong theoretical gramp in the eastern 
United States, who has.spent many years 
the Gulf Stream, and his book gives a clear 
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LANT BREEDING 


Fruit Breeding and 


. By Dr. R. L. Knight 
nical Communication No. 
Bureau of Horticulture 
p. i+254. (Farnham 
cultural Bureaux, 1958.) 


charge of raspberry and 
Jast Malling since 1954, 
It up @ useful abstracted 
Tubus. For the specialist 

to be complete, but also 
7 of papers in foreign 
arnals, must be sufficiently 
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detailed to bə of value. The authors have only 


- partially succeeded in this last respect. The biblo- 


graphy is incomplete, and several recent important 
papers by British authors on the cytology and genetics 
of British forms of Rubus are unfortunately listed by 
title only. Some of the individual abstracts are good, 
for example, the salient features of the 76-page 
paper of Fassett on mas collections are condensed 
into ten Imes. Some other abstracte appear to be 
condensations of earler abstracta, and one wonders 
if these have been verified: for example, work by 
Dowrick is wrongly attributed to LaCour. Bibho- 
graphical errors are few: Zimno should read Jinno. 

One disadvantage of a bibliography is that a 
newoomer is not readily able to assess the relative 
merits of the individual papers, and here the oompilers 
have not helped. Although some papers, such as 
Spinks’s on black currant breeding at Long Ashton, 
are fully abstracted, the length of an abstract pro- 
vides little mdication of a paper’s scientific merite. 
This book would, therefore, have benefited from 
sioving. Some of the now worthless earlier papers 
could have been omitted, and the space used to 
provide the authors’ comments on the more important 
ones. 

A most unfortunate decision has been to mix the 
references of Rides with Rubus. Two separate 
bibliographies with their own indices would have been 
an advantage, especially when surveying previous 
work on each genus, and in umng the subject index. 

Two appendixes are provided. That of a gene |jpt 
for Rubus concerns only raspberry, but several genes 
are known, in blackberry ; it is perhaps unfortunate 
that the symbol 4 is given to Amphorophora 
resistance, as this had already been assigned to 
autumn flowering (not listed). Appendix II gives two 
linkage groups, of ial interest for until now it 
had seamed that all the tested genes in Rubus lie on 
one chromogome, and the remaining six chromosomes 
were possibly mert. No gene list is given for Ribes, 
although data are available in the omitted ‘‘Genetics 
of Garden Plante” (Crane and Lawrence). No list of 
chromosome numbers is provided, which would have 
bean useful as there is no reference to Darlington and 
Wylie’s “Chromosome Atlas”. 

A graph calculated from the bibliography, clearly 
shows t breeders have been, and will be, more 
interested in raspberries, blackberries and kmdred 
fruite, than in gooseberries and currants. ‘Indeed, 
research with Rubus now considerably outstrips that 
for Rides. This is partly because Rubus affords more 
genetically versatile experimental material, and 
partly from lack of interest in Ribes m North America, 
where Ribes cultivation is banned. Yet the consider- 
able demand for black currant juice abroad provides 
the basis for the present policy at Mylnefleld to breed 
high-yielding, uniform, early ripening varieties, to 
increase the acreage in the soft-fruit areas of the 
East of Scotland. 

This expensive bibliography was already three 
years out of date when it went to press. Hence 
important new works like Watsen’s monograph on 
Brrtish forms of Rubus are not included. The pub- 
lishera and authors might consider, therefore, issumg 
to purchasers a free mimeographed supplement 
bringing the list up to date. Generally this compila- 
tion will save time, but it is hoped that those who use 
rt will not by-pass the originals, unless we may 
conclude that nowadays only summaries really need 
be published. G. HASKELL 
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LG.Y. : 
Year of Discovery The Story of the International 
Geophyaioal Year. By Sydney Chapman. Pp. 112. 
(Ann Arbor: University of Michigan Prees ; London : 
The Mayflower Publishing Co., Ltd., 1959.) 40s. ; 
4.95 dollars. 

HE International Geophysical Year, July 1, 1957— 

December 31, 1058, was the most succoasful 
exemple of co-operation between the nations there 
has ever been, and as well as being a landmark in the 
development of geophysics it may well be of signifi- 
cance in the present endeavours to increase inter- 
national understanding. In his account of this 
enterprise, of the executive committee of which he was 
president, Prof. Sydney Chapman records how at 
first there was little enthusiaam for a successor to 
the two international polar years and then how the 
interest grew until International Geophysical Year 
committees from sixty-seven countries jomed in and 
a wide variety of geophysical projects were under- 
taken, to be olimaxed by the launching of the first 
Earth satellite on October 4, 1057. 

But the book is not an account of the organization 
of the International Geophysical Year, important 
though this was. It is an excellent account of the 
scientific background of and the reasons for the 
projects undertaken. 

Those familiar with Prof. Chapman’s writings will 
not be surprised to know that this book is a model of 
scientific writing; the sentences are short and not 
encumbered by words; s.large number of 
useful facts about the Earth are to be found in the 
text; plates and diagrams illustrating the whole 
fleld of activity are included. It can therefore be 
recommended to students and to laymen who wish 
to acquaint themselves with what is known about the 
Earth, and there will be few, even among experts in 
hig aaa who will noy learn Boonton by reading 

8. K. RUNooLRxN 


Progress In Semiconductors, Vol. 4 
Edited by Dr. Alan F. Gibson, Prof. R. E. Burgess 
and Dr. F. A. Kroger. Pp. vii+201. (London: Hey- 
wood and Co., Ltd., 1960.) 68s. net. 


HE series of review articles which make up the 

volumes of “Progress in Semiconductors” help 
very mush to out down the time which physicists, 
chemista, metallurgists and electronic engineers in 
this still rapidly expanding field have to spend 
the journals leas familiar to them. Unfortunately 
the series can survey the whole flald no more fre- 
quently than perhaps once every ten years. 

The eight papers which make up the fourth volume 
are well written but quite a lot 
from the reader. The easiest to are those on the 
oxidation of germanium surfaces (the Mott—Cabrera 
mechanism is ruled out for a clean surface), on 
internal field emission, which has been studied in pn 
junctions and in phosphors, and on the electrical 
effects of dislocations. In oontrast a paper on nege- 
tive mass demands some familiarity with quantum 
mechanics and another on avalanche multiplication 
demands confidence in expreesions for the motion 
and scattering of electrons in high fields. A paper 
on noise im semiconductors shows that the oom- 
ponents with spectral intensity a (frequency)! still 
need further study. The effect of dislocations on 
dielectric ies is studied in another paper in 
terms of ion movements, electron trapping and micro- 
wave observations. The last paper, of which A. F. 
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of non-crystalline senticonductora. including liquids, 
in which the carrier motion is very different from 
that in germanium and silican. J. R. TELMAN 


Comprehensive Inorganic Chem stry 
Edited by Prof. M. Carnon Sneed and Prof. Robert C. 
Brasted. Vol 7: Thre Elementa and Compounds of 
Group IVA. By Harod P. Klug end Prof. Robert C. 
Brasted. Pp. ix+305 (Princeton, N.J.: D. Van 
Nostrand Company, Iro. ; London: D. Van Nostrand 
Company, Ltd., 1958.) 56s. 6d. 


HIS book is one cf a series ic which an, attempt 

has been made żo combine an encyclopsadic 
treatment of the chenistry of the elements with the 
monlcation of the basic prino:plea af chemistry. When 
one considers the extent and complexity of morganic 
chemistry to-day, it 8 olear that a good deal of 
information must necessarily be smitted if a whole 
group is to be covered in a volun» of this sire. For 
example, the historicel background of each element 
is cut to a minimum (but OCormsh tm (page 212) 
certainly reached Rore befare the Roman conquest 
of Britain), and it is, perhaps, a “ttle surprising that 
the uses of carbon-14 are soarcely mentioned and, in 
view of their uses in atomic energy, some reference 
might well have been nade to cadmium and cerium 
glasses. However, the descriptive chemistry of the 
elements covered in tEis voimme is presented lucidly 
and the result is a nct unpleasing text-book which 
should be useful to the university student and to the 
research chemist, for whom the numerous tables of 
physical data will be of considerab_e value. The book 
is well produced, and the index, 30 far as tested, 18 
adequate. K. W. BAGNALL 


Histochemistry 

Theoretical and Applied.- By A. 4. Everson Pearse. 
Second edition. Pp. x+998+10 plates: (London: 
J. and A. Churchill, Lti., 1960.) 110s. net. 


HIS is a vast guile-bodk to the flelds of histo- 
chemistry. Twenty-ninn chapters and twenty- 
seven appendixes pmvide a comprehensive and 
up-to-date account of the subject In the spirit of 
“‘Baedecker”’ the authcr has practised all the available 
methods and rejected those found wanting. This 
enormously enhances the value of the book, but had 
the further step of a ster system ben taken to classify 
the many methods, ihe novice would be better 
served. There have been so many improvements 
and extensions since tne firm edition of seven years 
ago that this is virtually a new aad better book. 
The chemical and physical beckgrounds to the 
techniques have been g-ven so far #3 is pr ble in & 
book of finite size. Rəadere with. knowledge 
of the various aspecte of the subject will no doubt 
find omissions, misunderstandinss and misplaced 
emphasis, but I have found. no s rious cases m my 
own special fields. With this-volume as a guide, oyto- 
chemists oan travel Fopefully but might be mare 
sure that they would arrive safely if an extended and 
quantitative account of the haszerds and errors of 
interpretation due to diffusion daring fixation and 
reaction bad been The illustrations, 
the colour Plates, make this an attractive 
book to use, but have undoubtedly added to ite high 
cost. Inexcusably the book ig shoddily, cased, and 
with a -covering unlikely to withstand the hard use 
this book will undoubfedly have iœ all histochemival 
laboratories. . L. G. E. Bara 
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THE MARANGONI EFFECTS 


By L. E. SCRIVEN* and C. Y. STERNLING 
nearing Department, Shell Development Co., Emeryville, California 


nee to, Surface 
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seers with surface 
exrwards+* ; but Thom- 


? Minnesota, Minneapohs 14, 


son’s paper went unnoticed until van der Mens- 
brugghe’s definitive memoir appeared m 1869 in a 
now obscure Belgian journal’. Van der Mensbrugghe 
reviewed all the earher work, including the literature 
on the camphor dance dating back to 1686, and 
established t all the varied instances of surface 
movement were caused by local differences of inter- 
facial tension. When contested the 
priority of van der Mensbrugghe’s finding’, Thomson's 
papor again went unmentioned, and it is probably 
or this reason that the effect has come to bear 
Marangoni’s name (of. ref. 10). 

The claagio qualitative studies have been continued 
by more recent investigators: Marcelin devised 
surface engines!!, Loewenthal was fascinated by tears 
of strong wine’, the uirs discovered that 
surface movements enhance the rate of evaporation", 
and Jebsen-Marwedel found that surface-tension- 
driven flows critically affect mixing and wall erosion 
in glase-melting furnaces*.4. Photographs of team 
of strong wine have recently appeared'*. There have 
been discussions of the role of such flows in orystal 

owth!",1*, motion of protoplasm’*", transport of 

teria", surface fractionation™, absorption and 
distillation", foam stabilitty™.** and other pheno- 
mena™.. Mention should be made of the thermo- 
dynamic theories of spreading of surface films™. 

Tho cellular convection pattarns induced by surface 
tension that Varley? and others*)* saw were later 
the subject of Bémard’s beautiful experiments™.’*. 
Bénard’s work inspired the Rayleigh—Jeffreys theory 
of convection currenta induced by density variations 
in liquids heated from below. However, this theory 
is at variance with Bénard’s experiments in several 
respects. From the new expériments of Block?! and 
theoretical analysis of Pearson" it is now known that 
surface tension rather than density variations pro- 
duced Bénard’s cells. Meanwhile the Rayleigh- 
Jeffreys theory has been confirmed by other experi- 
ments to which it properly applies*. Tt is interesting 
that Sutherland was led to postulate density-induced 
convection currents in order to explain the surpris- 
ingly rapid attainment of equilibrium tension at 
certain newly formed gas-liquid interfacea™. Surface- 
tension-driven flows seem no lees likely an explana- 
tion. 

The periodic twitching of an air bubble in water, 
toward which a fine jet of alcohol is directed, seams 
to have been first described by Quincke’*, who showed 
that surface-tension-driven flow is responaible. Re- 
cently rediscovered in slightly diferent guise by 
Lewis and Pratt™, the phenomenon has attracted 
great interest in the field of liquid-liquid extraction. 
A semi-quantitative theoretical analysis was made by 
Haydon and Davies**.". Similar phenomena occur 
at all sorta of fluid interfaces across which material 
diffosea™.™. Notable is the extensive investigation 
by Wei”. This spontaneous agitation of the interface 
between two unequilibrated ftuids, which has come to 
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be known as ‘interfacial turbulence’, has not yet 
been taken into account in the alassio thearice of 
interphase mass transfer. In order to arrive at an 
adequate theory, it will be necessary to know pre- 
cisely the conditions which give rise to interfacial 
turbulence as well as the details af the flows. We 
have considered the problem from the 
poni ef ews ie ee ey eae 
understanding of the factors that 


arriving at a partial 

determine i instability’—the onset of inter- 
facial agitation driven by local variations of interfacial 
tension“, 

Our analysis shows how it is that some systems are 
stable with solute transfer in one direction across the 
interface yet unstable with transfer in the opposite 
direction (of. ref. 43). It indicates the importance of 
solute diffusivity in the two phases, the viscosities 
of the fluids, the oe of interfacial tension on 
composition, and perameters. In at least some 
circumstances the phenomenon known as spontaneous 
emulsification seems to originate in interfacial-tension- 
driven, flows. 


Surface Elasticlty and Viscosity 


The resistance of a fluid interface to deformation 
was first noted by the blind Belgian physicist Joseph 
Plateau, famous for his researches on capillary action, 
especially the equilibrium éonfigurations of liquid 
ee ee ee 

great treatise) t i 


AE DN Lg lod Piateu 19 inlee Goo Sairians of 6 
viscosity’ peculiar to a liquid surface but 
to the ordinary viscosity of fluids in 

bulk“. In so far as his needle subjected the surface 

to shear, Plateau’s inference was substantially correct : 


. However, if surfaces of. pure liquids 
have a peculiar resistance to shear, present 
price! techniques sro not sufficiently sensitive to 
it. 
What Plateau did not appreciate is that virtually 
every liquid surface is contaminated with ‘insoluble 


equilibrium ; 
and adsorbed on the surface of pòlutiohs: -` Thus the 
advancing needle tended to concentrate contamination 
and adsorbed material ahead and to dilute them 
behind it. This produced a difference in surface 
tension an either side of the needle, the difference 


the 


Pty suitatory explanation ; Beets canoe 


Rayleigh™*, who made other 

to the of surface movements and the 
i thereto**", The part played by the 

‘Plateau— oni~Gibbs offen | in stabilizing free 


films and foams long been recognized in a general 
way, often under the name ‘Gibbs elasticity’ (for 
example, ref. 25). But the ‘profound analysis of the 
ect of thinning of & film” called for by Derjaguin and 
Titijevaksye*’ has not yet appeared. Tho mathe- 
matios of such an analysis is formidable, owing to the 
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complicated velocity and concentration fields in- 
volved. 

As Birkhoff obeervedin connexicn with the ‘rising- 
bubble parador’, the mechanics cf real fluid inter- 
faces is far leas simple than ths clase_cal hydrodynamic 
treatments would suggest“. The paradox is that the 
motion under buoyancy of small bubbles and drope 
thro a liquid is usually nmch oleser to the behavi- 
our of rigid than to that sxpected for fluid 
spheres capable of icternal circulation. But in 

cleansed of intarfacially active material, the 
paradoxial behaviour dseg neb occur, except with the 
smallest of bubbles and drops‘. The seeming 
exception may be due to the extceme difficulty of 
eliminating the lagt treceg af intecfacial contamina- 
tiont.ts 56,53,88, If giroution of ths bubble or drop 
is retarded or arrested, thers must exist a force not 


ibbs effect’ is sufficient to account for 
the existence of this force. The first to recognize 
this was *7, who showed that.any viscous- 
like resistance to dilstional deformation of the 
surface, whatever its crigin. causes fluid spheres to 
move more slowly tEan oxpected from classical 


materials 
viscosity ®.", The 
above may also entar ; for with mass transfer between 
and coctinucus fluids, as occurs in 
ad extraction and related operations, there 
cencentration—henoe also 


the 
drop circulation and the effects of surface-active 
materials was recenth discussed by Linton and 


at least a few hydrodynamiociste aftar Aitken’s discus- 
Ft be 

the surface of water”. Spouifio reterence should be 
made to the of Lanib™, Lsvich (as cited by 
Fedosov**), and especialsy Oldroyd’*. whoge theoretical 
work on the effect of surface properties in the rheo- 
logical behaviour of emulsions is partly confirmed 
ee ae 

the viscosity of dilute emulsions containing surfaoc- 
tante’, 

The resistance of fluid interfaces to E aad 

manifest, ee ee, 
the stagnation of portons of interfaces in erai 
liquid-liquid extraction™.“."* gas Semen 


-rigidity 
- gurface on ripples in a wiscous fluid", and by Basset, 
who examined certain consequenses of interfacial 
Estovwar that allows Sip baea ayo" sass T 
contact™. The most useful for approxim- 
ating the behaviour of real int is that begun 
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PART-TIME COURSES IN FURTHER EDUCATION 


By J. HEYWOOD 
Norwood Technical College, London, $.£.277 


HE correctness of the comment in Nature of 
February 6 on the Crowther Report is shown by 
the attitude of both the Government and the 
Opposition in their discussions. Too little attention 


nical college, nor has this been relsted to the 
secondary modern school leaver. Nature rightly 
suggests that little consideration has been given to 
the lower streams of the secondary modern school. 
A recent survey (which it is hoped will be pub- 
lished in detail later this year) supporta the view that 
- there are a number of students who will not benefit 
EES igo aha Sop Table 1 gives the 
percentage pass mark of a first-year intake studying 
eventually for the Radio Trades Board’s examina- 
tions. The exammation was on calculations taught 
in a 24-hr. como of beso arithmotio and algebra. 
When studied wrth the corresponding results first- 
year intakes over fhe three years a pafo 
assumption is that those ta sooring below 
0 per cent in similar testa do not benefit from this 
. type of education. Bcbedule B of Table 1 gives the 
practical marks for-the same period 
typical of all the intakes, and there is not necessarily 
ee ee eee 
marks gained the theoretical examinations. 
Taila made at othe technical colleges confirm 
this view. However, these inquiries also suggest a 
further subdivision in the classification of apprentices. 
This is referred to in items 8a and 8b of Table 2. 
The resulta of this particular survey indicate that it 
is impossible to clagsify the rejects frorn 3a as students 
who would have benefited. by-following’ a-course of 
studies more appropriate to'38b. There aré. a-large 
number of persons in semi?technical tions who 
do not benefit by further education. 
many studenta are quite obviously unguited for the 
Sa eee ere Stine Ie eee eae oe 


Sie 











. These are also- 





` 


employer and the careers specialist in the school and 
may influence the motility of labcur more than would 
be anticipated. 

However, studies of the teaching methods applied to 
groups 8a and 38 arising from an examination of the 
problems of wastage ir. group Ba suggests that entirely 
different approaches ere required for the two gors 
and that those in gmup 8a would benefit- from 
year’s full-time study of their ebject. Group 8b, 
into which fall tradee such as cerpentry, plumbing, 
automobile engineerirg, gain more from 
an apprenticeship wita day release over a period of 
five years than do those in group 8a (for example, 
those studenta who purane ralio and television 
servicing courses), where the wastage over the first 
three years is large. Table 3 stows the decline in 
student attendance cver the three years which is 
necessary for the Radio icing Certificate. The 
main causes of wastage are as follcws: (1) insufficient 
ability to cope with studies; (2) refusal of the 
employer to allow moze than one or two yeers part- 
time education ; (8) ckange of ooaxzpation: (a) within 
the trade but to an employer who does not allow 
day release, (b) to employment in another trade ; 
(4) completion of articles durng the period of 
study; (5) decline af interest on the part of the 
student 


The wastage due to spperent low intelhgence 
quotient was considerably reduced by changing the 
methods from one year to the next. Fol- 








Table 4 gives the & 
at the same time of 





in the trade. — 
on. articles or n- 
middle of their 
end of the thr 
certificate in T 
(or wil not) 

important we 
hag been studi 


aptrtude. The E 
employers to ac 
a shorter perio- 
attend a full-tix 
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for about two z 
continue with f 
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There are manz 
obvious is that 
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€ ATTAINMENT OVER 4 LENQTEHY 
OURSE 

obtained by the same students 
bree-year radio serricing course 











wat the end of the second year. 
by the same teacher. 
of their precise position 
know whether they are 
mense the course ın the 
and many towards the 
stion the value of the 
Temuneration they will 
g the certificate. An 
> servicing course which 
wtieal ability does not 
yoars spent on appren- 
ly help theory, which is 
there are two written 
tion. A typical sample 
19 students over three 
ere is thus considerable 
long I part-time courses 
te of this type of 
1 would be to encourage 
for apprenticeship over 
xder to allow them to 
urther education before 
ceship, which would be 
which time they wotld 
ation. 
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Table 5. AWALYEDS OF PakT-TOs HYANING INTAKE SEPTEMENE 1059 
Total mtake, 63. 61 ee made. Wastage asstased for April 1, 1960 





Percentage of 
Student oategory total intake Average age 


L. 
y g Students under 21, in trads 218 ee 174 
- Students under 21, In 
213 17-8 


industry 
(3) Studenta under 21, not in 





+ 


trade or industry 14 170 
4) Students over 31, in trade 196 —_ 
5) Students over 21, ın mdustry 162 _ 
6) Students over 21, not m 

trade or ind 20 0 Dan 
(TF) Total par oant students 

with 60 per oant 

attendance 310 _ 
(8) Stadon under 21 with less 











than 60 per cant attendance 18 01 — 
B | 





Finally, support for this idea is obtained from an 
analysis of wastage on evening courses. ‘Table 5 
gives the data for a first-year course enrolled m 
September 1959. The wastago at the time of writing 
is one-third of the total mtake, but of the twenty-mx 
students under twenty-one who are cligible for part-- 
time day release free only seven have stopped 
attending, but studies of past wastage suggest that 
this figure will have doubled by the end of the second 

ear. It seems clear that some form of test should 

e adopted with the view of establishing the worth- 
whuileness of sending a boy on & part-tmme course in 
addition to Mr. Thompeon’s (The Temes, April 3, 
Parliamentary to the Minister of Edu 
tion) conmderation that day-release should posmb 
become a legal right. 

I am indebted to Mr. G. L. Danielson, head of the 

of Telecommunications Engineering, 
Norwood Technical College, for permission to publish 
some of the results of this survey. 


-IETY OF GENERAL MICROBIOLOGY 


MICROBIAL SYSTEMATICS GROUP 


ita and animals, is much 
nposæible, to apply to 
tively small differences 
certain significance of 
difficulty of discovering 
roperties have all made 
midable. Furthermore, 
of all, there has been 
stion, no overall philo- 
e findings of the bio- 
zist and immunologist 
ic scheme. As if this 
n added to it & cavalier 
aally socepted conven- 
part of bacteriologista 
uplete abgence of type 
tre to use and support 
lections of the world. 
saxonomy of bacteria 


of something better. 


especially has been carried on as isolated fragments 
of other disciplines such as medicine or dairying, with 
the result that the same micro-organiam has been 
known by a different name im, each field, and not 
infrequently their identity has never been realized. 
Many taxonomic schemes have been devised but 
have been only cherished by their authors, -while 
others such as Bergey’s scheme have been tolerated 
with much vexation and disappointment for want 
Little wonder then that & 
despairing spirit has pervaded the subject and that 
Topley and Wilson should comment that ‘the 
bectericlogist himself has not im general troubled 
overmuch sa to the validity of a system which has 
developed rather as a result of luck than of cunning’’!. 

In the past few years, however, there has been s 
renewed interest in taxonomy associated with new 
ideas and concepts which have stemmed from 
two main sources, biosystematios and quantitative 
taxonomy. Some drastic changes in the underlying 
philosophy of taxonomy are now bemg proposed. 
Some of these centre on the nature and definition of 
taxonomic groups. It is being realized that bacterial 
taxonomic groups need -not be treated as though 
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they are necessarily phylogenetic. Other develop- 
ménta ere based on the assertion that every feature 
has equal weight in the creatiom of valid taxonomic 
groupings. Theee developments are coming to be 
‘Adansonian method’ after’ the botanist 
Michel Adanson (1727-1806), who first proposed this 
concept. By liberating biologista from the impracti- 
cable task of allocating different weighta to different 
features it-has been possible to develop the use of 
multivariate analysis employing electronic computors 
to give some measure of the elusive property which all 
biologista recognize under such phrases as ‘overall 
, ‘afiinity’ or ‘natural resemblance’. 
Microbiologists may perbaps compliment them- 
selves on the eagerness with which they are exploring 


which led to the invitation of a wide range of workers 
in microbiology, botany, zoology, statistios, bio- 
chemistry and electronic computing to attend an 
. informal meeting to discuss these new points of view. 
. The meeting was held on January 12, 1960, at the 
National Collection of Type Cultures at Oolindale, 
London. 

Dr. P. H. A. Sneath (National Institute for Medical 
Research, London) introduced the subject of quanti- 


methods. 
tion between identification methods, that is those 
Ae to distinguish existing taxonomic groupe, 
and Adansonian multivariate techniques designed to 
create the taxonomic groupe. 
Dr. G. D. Floodgate (Torry Research Station, Aber- 
ett A enem S Aare ae o 


bacterial taxono: He mentioned that the accurate 
identification of was no mere academic 
exercise, but & necessity for anyone involved in such 


fields as the ecology of the soil or the sea ; and that 
war eee is imposible when there are neither 

bacterial taxa nor a coherent theory of 
made: Despite advances in theoretical taxonomy, 
there was still the problem of selection of features for 
Sate ee EAA ial problem of 
_ standardizing the techniques. also thought that 
not enough had been done on the theory of hier- 
archies, and on whether to split taxa or bring tham 


together. 
Mr. J. 8. L. Gilmour (Botanic Garden, Cambridge) 
found the Adansonian to be very interesting 


approach 
and of wide spplication—it has even been applied - 


pe one ope loeiees t mtha anid legens. He agreed 

that Adansonian methods yield valuable taxonomies 
for general purposes, but he cautioned against an 
‘absolutist’ approach on the grounds that one must 
always make some selection of attributea of living 
creatures, and this selection is always guided by what 


Dr. 3 T. ona i Collection of Type 
Cultures, Colindale) discussed the problem of rank, 
and pointed out that this is commonly a matter of 


a unified taxonomy. Dr. G. O. 
Ainsworth (Commonwealth Mycological Institute, 
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Kew) suggested that egreenmnt might eventually be 
reached on mathematical values for differentiating 

species. Dr A. J. Cam (Department of 
Zoology, Oxford) made a plea for a simple nomen- 
clature with few rules, and mentioned the advantages 
of unmomial names. Dr. C. H. :ndrewes (National 
Institute for Medical Research, London) pointed 
out that some virologists were now considermg 
possibility of doing this for the v-ruses. 

Dr. R. R. Sokal (University of Kansas and Univer- 
sity College, London) then defended the practice of 
equal weighting of features-for the creation of taxono- 
mio groupings, pointang out that it is well-nigh 


pointad out that Adan- 
sonian methods led to a very stable taxonomy. 

Dr. M. Ingram (Low Temperatune Research Station, 
Cambridge) was doubt=ul whether the equal weighting 
of features would lead to a better classification than 


that where the features are wei 
Ri er cata Vr for Research 
Dairying, =) and Dr O. 8. Cummins 


(Londen Hospital Medical Collega) described recent 
techniques using 
enabled the oo 

Si calls e A > cee. The use of 
infra-red spectroscopy waa alc mentioned. Dr. 
OA poine eres ee 


previous taxonomic knowledge. 
comparative serology >f birds. Dr. Ainsworth men- 
tioned that recent autritional and physiological 
studies had confirmed the taxonomic results obtamed 
by the traditional morphological approach to certain 
groups of fungi. 

In addition to the above there vas some very lively 
discussion in which almost everyone took 
part, and which ranged over a very wide field includ- 
ing methods of mathematical analysis, 
methods, nomenclaturs, snd serology. 

As a result of this Ciscussion it was that it 
would be very useful to form a G-oup of those inter- 


was constituted at a meetmg leld in London on 
April 12, 1860. Drs. Cowan, Sneath and Shewan 
were asked to act as 3 small committee to organize 
the activities of the Group, and Dr. Sneath agreed 
to be the secretary. The purpose of the group is to 
mote the advancement of mmrobial systematics 
by providing a common meeting ground for those 
interested im the fleH. It is anvisaged that the 
Group will hold discussions, arrenge for the inter- 
change of informatior and ideas between microbial 
taxonomists and taxonomists =n other fields of 
biology seen artis to assist ifs members to make 
the best ion tô this field that they may. 
of the group is oper to all members of 

the Society of Generel Microbiobgy.. Visitors will, 
of course, always be weloome at any meetings the 
Group may hold. Anyone wisKing to be kept in 
touch with the Groups activities, or further 
information, is invited-+to contact Dr. P. H. A. Sneath, 
Jeo Institute for Medical Research, The Ridge- 

y, Mill Hill, London, N.W.7. 


T Immun! 
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CTIVITY OF SOILS, PLANTS AND BONES 


ur ERNEST MARSDEN, C.M.G., C.B.E., M.C., F.R.S. 
Dominion Physical Laboratory, New Zealand 


vations were recorded of 
-ious naturally occurring 
Jants, eto.; the present 
“bacrvations and discus- 
dence of high natural 
‘be expected to produce 


- now been posable to 
seponsible for the very 
2 ash of grass from a 
ure at about 1,500 ft. 
ditions at such places as 
owdale and Rookhope. 
amany-fold in activity to 

to a curve reasonably 
lJonium-210, from radio- 
shde in the same sample 
b wholly polonium from 
y U. Faocchm: in Milan 


ity of the soil on which 
n., this is a remarkable 
it might therefore be 
would -also be concen- 
the soul. Testa ki 
- the N.Z. Soil Bureau, 
He found the lesd m 
oven-dry weight or 150 
the grass aah, the lead 
nat’ 90 p.pam. on oven- 
1 an ash basis. The soil 
able calcium 2-7, and 
tions the uptake of lead 
Teste of a sunilarly pro- 
Scott Russell at Book- 
-pH 3-3, exchangeable 


| vty of soil 9 ppo./gm. 


Z 54 puc./gm. grass aah 
ppm. By comperison 
d pastures of the United 
il pH) is of the order of 
25 per cent contribution 
averthelegs, two samples 
>rincetown, collected and 
creased in a-activity by 
growth of polonium and 
e osre in ashing will be 
aé foregoing was written 
ate of Cancer Research, 
2 for paos noe ae 


seme Ty WEVA 584 ; “a60, 
Erti Prof. W. V. May- 
hed paper by C. R. Hill. 
is issue.—Eprrons.] It 


allont of radrum-D and 
nfall thereon. Al my 


soordingly.) 
slante from soils through 
‘seme principles aa the 


uptake of lead. The dilution is such that the radium 
may not be sn sesemblage of cations. As in the case 
of strontium-90, the calonmm ratio is of interest. Two 
experiments by the N.Z. Grasslands Institute may 
be quoted. In the first, “Brown Top’ was grown on 
the same soil, pH unlmed 5:4, limed 5-6. The 
a-aotivity per gram of ash was 1-7 puo./gm. unlimed, 
1-22 imed, a significant decrease. In another experi- 
ment on a severely leached acid podzol at Kaikohe, 
sotivity 5-4 upo.jgm. 15 owt. superphosphate per 
acre was added y nearly two years ago, 
accompanied by (1) 20 ows. lime gh ER kA 
(2) 60 owt. lime; (8) a lime pile. In case (1), the 

pH at 0-3 in. became 5-2 and cation exchange capacity 
7-2, and ryegrass grown on 1b gave 2-8 upo.ji ash 
and White clover 3:1. In case (2), }, the pH besarhe 
6-1 and cation exchange capacity 9-5, while 

gave 2-8 and White clover 8-2. In case (3), the pH 
was 7:4, ryegrass 8-3 and clover 3:9 ppo./gm., with 
9 and 18 per cent contribution by thorium, - 
tively. The average lime (CaO) content of the 

agh was 6-75 per cent and of the clover 16:25 per 
cent, so that expressed as per gram calcium the ry®- 
grass gave twice the pick-up of clover, although on 
dry-matter basis clover gave roughly 10 per cent 
more than ryegrass (ash/dry-matter = 0:1). This 
latter may be contributed to by s correspondingly 
increased portion from thorium products, 18 per cent 
as against 9 per cant, although long statistical counting 
would be necessary to test this point sufficiently. One 
needs, perhaps, expermnenta with basic slag instead 
of superphosphate to avoid definitely the radium 
carried with the latter. A sample of the lime used 
gave an a-activity of 3-5 uyo./gm. with some 60 per 
cent contribution from thorium products. 

In another series of field testa in the United King- 
dom on five different soil types, the ashes of ryegrass 
and lucerne gave, in each case, approximately the 
same a-ray activity. I do not have calcium/ash 
determinations. 

Measurements were also made of wheata grown in 
the United Kingdom, New Zealand and Victoris (Aus- 
tralia). Total variations of nearly 20:1 were observed 
in the a-activity per ash, the activity being 
mainly controlled by and calcium exchange avail- 
ability status, with genetic variety as e significant, 
but quantitatively lees important factor. It is worthy 
of note im that the average soils growing 
wheat and pasture m the United Kingdom appear to 
have a markedly higher pH and corresponding lime 
status than the soils of New Zealand. This is possibly 
the influence of extensive greywacke wheat-growing 
soils in the latter with pH about 5:5, but it resulta 
in a very different degree of proportional uptake of 
radium and presumably of strontium-90 from soil. 
This factor may also have s bearing on the high 
results (Nature, September 12, 1959) of strontium-90 
pick-up in the case of the acid soils at 
Tatyoon, Viotoria. Similarly, such considerations in 
relation, to foodstuffs and water may need to be taken 
into account in interpretating the interesting obgerva- 
tions on inhabitants living on the acid granite soils 
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ak a Table 1 “3 Kop pau baoa were aiede by oi 
` growth of activity afer dissolving with acid and 

` igniting so as to compare the grcwth of radon and 
Measurements by y-rays on one soi sample so treated 

: gave 30-fold increase when the radium had attained 
indicating little uraniam-X. In the cage 

_of a-reys, typical rovgh figures for the ratio of 

‘activity after a month ro initial value were : standard. 

mineral, 1-85; ae tes, 1:95; 









“50-300 . 
ORO 6-1 per cent 
10 Pa 40 pecans 






Wii uranium 
Ran falend Niue soil, 3-4; Niue taro ash, 4 of Niue 
Untted ‘bush’ hen, 5. 





In interpreting these figures, there is uncertainty 
in the amount of polonium presert or driven off by 





comparison 
Seg ends cal hes ond Eal in conjunction radium needs to be takan into acccunt. For example, 


pinion, wi T collaborated in this section equilibrium with one-third equilibrium polonium, the 
cof the work. ; z : 

ratio should be approximately 8. Uranium analyses 
in the previous paper, TNs eee A iad tadon dë nenons ace led or a pulse 
high activity of the soils of Nive Island (long. 19 lyser which will resolve icm-II, ioni ahd 
lat. 110° W 7 end although the advent of a dastractive lium. It is obvious, } saa ike abe ake 

hurricane has delayed an extended personal visit for the radi in tho soil is lu ie 
observations, yet the~readily given help of the that 1 by the : pone ett pa 


he Send oe Oe a a pared with ite ionium parent. It was at first sua- 
ensbled many useful samples led. Jleoted that the uranium-285/aranicm-238 ratio might 
intersting data to K aseomb Moreover, by higher than the usuel 1: 189. This whs negatived 
oare o Royal Navy (New Zealand), Lieut. A. inter by testa in the United Kingdom with a mass 
oa ee spectrograph on . 
made a survey of external y-radiation recorded togt Jaught 3 ani 
values up to 0-18 mr./hr. over æ large area of soil, or ie Apc eg eo eee The oteput 
some twelve times normal elsewhere. This measure- from the scintillation -photomultblier was divided 
ment was taken in the open air. The soil content of snd tho two channels counted in the the manner used by 
radium would to several times this value, Turner, Radley and Mayneord (loo. oit.), but with an 
as the radon, eto., 1s given off very readily under interval of about 0-005 sec. in the channel 
natural conditions wt Nino e instead of 0-32 sec. as ased for ths determination of 
Mente Arista f planta grown agricul- Goubles due to thoron end thorium-A. The idea was 
tural area ga equilibrium activities to obtain a measure af actinium (half-life 0-002 
(1 month) shown in Table 1. Figures in brackets sec.) and thus of the actinium family. 
refer to number of samples tested. The resulta are shownin Fig. 1. No attempt is mede 
Tn all Niue cases the plant activity is due mainly at this stage to denote statistical mits of scouracy. 
to radium, though further work is called for, as after Enough doubles were measured in each case to justify 
nine montha the above values were increased 30 per the general placing of the points on the graph. 
cent in the case of taro, kumera and cassava and Before the methai quantitatively, some study 
more in the case of yam. It may be due to radium-D PESA rie seats particle «zo and spaces in 
or other nuclide which produces an a-ray product. the capsule are called for. At the rates used. tha 
Unfortunately, measurements of soil pH, eto., were number of spurious apperent doubles should be 
not readily posible, though a general survey of the ximately related linearly t» oount-rate‘, as 
soils is, I understand, in course of publication by the id ie shown by -he figures for the vari 
N.Z. Soil Bureau, and values aro of the arder 7. Small Plutonium and other ecurees not carrying actinium. 
pieces of coral are disseminated through many of the Ënoidentaliy. the lutontam was obsained from ashed 
soils, and it is probable that pH was not uniform. bones of amall experimental animals—into which 
- The main foodstuff consumed (80 per cent) by the latonium had been injsoted. As expected, uranium 
Niueans is taro, which is seen to be very radioactive P T 
if related dalon.: mineral shows residual doubles due to its content of 
pio nani E to and since actinium; Travancore sand a leser number. The 


the soil is porous and the drinking water supply is Pi or 
roof-collected ram water, the taro was formerly, Saha thesia a ie anaiai ia. 
exoept for limited lies of flying fish, the main the content of uranium is far from sufficient to 


source of caloium ance P E ae aero support the other nuclfles which vontribute to the 
ae ee Dee ae AT y ave | + TACTORSIDS, rate observed, so that the Niue soils must carry 
supp. eo 2 consumed, excess actinium. However, proksbly an 
Arero Seg isan sae sey ape a ripe Recon- interesting result is that obtained -with foesil phos- 
Seru pees to ool children, phate sack aa Naroa, W iolatthongti ti noted Gboro 
Activity of Soil and Origin Saa Ae oe a ie a ne In 
A eee OnE ay ane chemical Fig. 1, the positions of the pointe are approrimate, 
analysis for uranium has been carried out, giving taken together the'evidence seams definite and 
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Doubles per 1,000 counts 





supporting it ie 
c limestone 
supposed soil: 
time jod oz 
and t of io 


content of the, 
rainfall of 
Although the, 
highly radicac- 
shower may ne 
the radioactivit 
weathering anr 
some material £ 
and retain cer 
foam. Weme 
enriched by su 
and roo-plank 
A. T. Wilson’ . 
activity from E 
In a voyage 
Tasmania Star 
daily from a fe 
ately boiled ts 
a-rey measurer 
results were sl 
probably due t 
doubles observe 


i 
i 


| 








NATURE 


tigation by the newer 
a methods. An atvempt 
antime by gamma-ray 
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Niue is at least early 
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i the volcanic material 
vered above sea-level by 
yet know the age of the 
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n is only 12,500 years, 
ears, and it is desirable 
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rity in the origins of the 
d island phosphates, the 


». The underlying lime-: 


innacle formations indi- 
ə poils have a phosphate 
er cent and with a warm 
> leaching-rate is high. 
‘Pacific phonolites are 
./gm.), yet the volcanic 
3 source of the whole of 
16 source, after exceasive 
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lite which can scavenge 
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of the thorium family, variable but of the order of 
50 per cent. The results were checked on material 
collected later, during a Pacific voyage by H.M.N.Z.8. 
Royalist, and also an at different depths 
collected by the N. E sete “Institute. 
Moreover, tests were made of the activities of some 
of A. T. Wilson’s foam samples and of mussels and 
certain. sea and m some casea enhanced 
activities were found. The resulta are not sufficient, 
nor was the material well enough classified ; but they 
do show that the above suggestions merit the making 
of toste of sea-surface organic matter at Niue, eto., 
and the gathering of more experimental information 
on the geochronological aspects of iomum and 
actinium. Teste of limestone from shell moulds and 
from pite showed much radium leached from above. 
This distribution is being investigated. 


Activity of Bones and Radiation Hazard 


It is natural to extend the observations to the 
activities of human bones and body organs, but so 


- far opportunities have not presented themselves. 


Thanks to the Niue Island Dentel Service, however, 
& good supply of teeth has been made available for 
comparison, with teeth from other localities. The 
average activity of Nine teeth per gram ash was some 
ten times that of teeth of Londoners, as was con- 
firmed also by measurements at the Institute of 
Cancer Research by Misa M. Duggan. The average 
of twenty Niuean teeth was 1-8 pyc./gm. Samples 
from i (New Zealand), where the soil sad 
water aro well supplied with lime, gave a value 0-82, 
Raratonga 0-2, Lower Hutt (where low-activity cal- 
cined lime is added to the artesian water to bring 
the pH to 85) 0-4, Auckland, Wellington and Sydney, 
N.S.W., o. 0-7. In all cases the activity is mamly 
due to radium—in Niue, almost wholly so. The 
relative contribution by food supples and water 
supplies to teeth and skeletal radium is not yot 
known. Independently of lime fortification, the flour 
in the United Kingdom contains considerably less 
radium per gm. sah than in New Zealand or Aus- 
tralia. However, the above results are to be taken 
as approximate—they relate to a few samples only ; 
there is possibly an age relationship. Thus the teeth 
of ten adulta of age seventy, kindly supplied by the 
superintendent of the United Dental Hospital, 
Sydney, gave a preliminary average of 0-4 pyuc./gm., 
whereas unerupted teeth of children aged twelve gave 
a value of 1-0 and erupted children’s teeth of about 
the same age 05. Breakfast foods from Australia 
were exammed, and no case of added radioactive 
material was found, as was the case in two brands 
from the United Kingdom. The relative low activity 
of teeth of elderly people may have a similar explana- 
tion to that given in my earlier article and relating 
to sheep of forty years ago, or some deposited nuclide 
which decays with time. 

Teeth extracted from skeletons found in limestone 
caves of Niue, but of unknown age, gave the same 
value aa present inhabitanta, indicating ły 
that the radioactivity has been a feature of Niue for i 
at least a few hundred years. It is reported that 
fine grains of charcoal have been found in under- 

und caves into which surface water readily drains. 
If go, and if these are connected with the effecta of 
an ash shower, it should be possible to obtain a date 
by carbon-14 methods. 

Probably the most interesting resulta obtained 
were those of the bones of hens. The bones of non- 
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descript breed, so-called ‘bush’ hens, fed on the 
country, plus a certain amount of local dried coconut, 
are Oe eager are This, in humans, would 

greater than accepted tolerance. The bones of 

recently i Rhode Island hens at the prison 
farm and fed on wheaten mash i from New 
Zealand, gave a value of 24, while a single sample of 
the contents of two eggs from the latter gave a value 
of 4-4. If this latter result is confirmed, it will 
correspond with the discrimination or reduction in 
activity of the foetal offspring in the oase of the cow 

ewe, a8 in my previous article. It 
appears that the same discrimination may not occur 
in the case of kumana, though rt is said to occur in 
the strontium-90/caloium ratio, but the activity of 
normal human bones is in any event only about a 
tenth of those of cows, sheep and rabbits. 

The Nineans appear to be healthy and vigorous, 
though somewhat sparer than the other Po 
groups, to which they are racially related. Probably 
they have to work harder. With such a small 
population, namely 4,500, great care is necessary in 
treatment of statistics of cancerous conditions or of 


malformations or which 

be amociated with the background 
y-radiation and food a-activity. Bi ly, regarding 
the occurrence of plant mutati are indeed 


inoidentally 
and 


oasog. Ad that time the high radioactivity of Niue 


19 per cent; stillbirths, 6-1 per cent; infant deaths, 
9-8 per cent ; deaths 1-3 yr., 6-35 oent. Figures 
than the more 


advent of antibiotics for treatment of venereal 
disease, eto. It is possible that the distribution of 
thirty years ago, has in some cases had the effect by 
replacing thd calcium from taro with its high radium/ 
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calcium ratio by calcium of milk with negligible 
radium content. Similaz evidence night be deduced 
from the history of a ce-tain hamle of Fatiau, of 85 
persons, established same emhty years ee 
inhabitants of which, knowing nothing: of radi 
activity, Gok rae eaneeainad to ndye aa a ohne 
ten years ago to a moœ wind-crposed site, Vaiee, 
2 miles away, because at unknown but feared causes 
of infertility and infant: mortality. However, I am 
well aware of some of tae pitfalls cf such statistics ; 
epidemios of influensa o> measles cr in these islands 
make great differences in ths figrres in particular 
quinquennia ; and similarly fashions in di 
eto., change. But if the causes of low fertility are 
contributed to by high lwcal radioancivity, may ib not 
be that in the Darwinian senses selective breeding 
resistant types has takan plane? It would appear 
oe eee ie as ee 
fe ee ee 
AREE er markedly in registance to 
radiation. 
It is hoped to plan carefully md carry out an 


Pa eT Sees Aase atinin a very tmportand 
In conclusion, I would like to thank all those 


the Electronics Division, for- improvements to the 
apparatus; Dr. J. K. T ef tho Boll Burnes. fon 
useful soil discussions = and the staff of the oo 


Wiss aa Se avis a Mics Ge: 
the agricultural offloer, F. W. van Westendorp, for 
provision of samples; and lestly, fhe manager and 
officers of the Bino Star Line far Zaclitios to make 
measurements on boarc ship during three voyages. 
The ships proved to Lave low centamination and 
background activity, aad enabled reliable measure- ` 
ments to be made more easily than on Jand. i 
1 Nature, 183, 024 (1050). 

* Nature, 184, 667 (1050). 

* Gentry, J; Ty and Balin, G. V., - Amer. J_DPwb, Health, 48, No. 4, 


1 Marsden and Barrett, Proo. Piye. Soo, $8, 357 (1911). 
* Nature, 184, 90 (1950). 


OBITUARIES 


Sir Robert McCarrison, C.I.E. 

Mason-GusmaaL 8m Rosmer MoCannmox, who 
died in Oxford on May 18 ab the ago of eighty-two, 
was a pioneer of nutritional research whose scientific 
reputation was even greater abroad than m Great 
Britem. Particularly is he remembered in India, 
where he spent much of his life. 

After graduating M.B. at Belfast in 1900, McCar- 
rison immediately entered the Indian Medical 


Service. At his first stetion he encountered and 
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eriberi in, particular, and 
meral. Little work on 
India, though MoCarrison 
by the work of McCay 
f dietary protein. His 
successful ; he i 


realized 

38 were unlikely to occur 
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Jo he fed lower animals 
200r diets being used by 
- in the animals diseases 
deourrmg in such tribes. 
very different from that 
1g and others, who were 
purified diets. Both 

ad it is surprising that 
led ariticism at MoCar- 
med up in these words : 
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an what forms of human 
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pers on the pathogenesis 
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H. M, Srvonam 


chofield 


-ormetp, reader in soil 
Dxford, died on June 8, 


e, Cambridge, in 1919, 


ad ideas and the energy 
experiment”. Already 
sios, Schofield sought 
oid Science Laboratory, 
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the kinetic theory .of surface films.’ After two years 
at Durham (1926-28) as lecturer in physics, he joined 
B. A. Keen at Rothamsted Experimental Station 
with an introductory description from I. O. Masson 
that fitted Sehofleld throughout his life: “As a 
physicist he is all round. He is a very nice fellow 
See to nor Beane goed a sad -wexall Diep 


Schofield spent twenty-seven years at Rothamsted, 
succeeding Keen as head of the Physics Department 
in 1949, and then took charge of the much bigger 
Chemistry Department on the death of E. M. Crow- 
ther m 1954. Two years later he moved to the 
Department of Agriculture, Oxfard, so returning to 
the academic atmosphere for which he always had a 
great affection. 

Though his early Rothamsted work was mainly 


“on the rheology of clays and similar materials, dono 


in collaboration with G. W. Scott Blair, by 1935 he 
had also published papers on proteins, on the diffuse 
double la d on soil water. One of these was 
“Schofield (1935)”, perhaps the most quoted reference 
in the literature of soil science. Others have expanded 
his thermodynamical treatment—a few think they 
have improved it—but ‘The pF of the water in soil” 
still remains the basis of any worth-while discussion 
of soil-water equilibrium. Leavmg problema of bulk 
movement to those interested in drainage and 
evaporation, Schofield concentrated on the behaviour 
of water as an electrolyte in contact with the dharged 
faces and edges of olay particles. His ideas on tbe 
1onio forces in water films were used in physical 
studies of soil structure, soil permeability and 
soil rheology ; and im ohemical problems of soil 
acidity, cation exchange, and the availability of 
nutrients. 

There will be widespread regret that he did not 
write & synoptic survey of this work and of his ideas 
for its future development, but even without it 
Schofield leaves behind him an enviable world 
reputation m soil science and related technologies. 
Part of this was attained through his publications 
(more than eighty as sole or joint author), and part 
through an extremely wide range of personal contacts. 
There seamed to be no limit to his fund of ideas, and 
they were passed on liberally to anyone willing to 
listen. As a consequence, he was much in demand, 
nationally and internationally, for committee work 
and for discussion meetings. Selecting only a few 
events and activities m his career, Schofield was 
chairman of the Colour Group of the Physioal 
Society ; for six months, 1951-52, he was visiting 
profeasor at Cornell University ; at the time of his 
death he was premdent of the British Society of Soil 
Science, and chairman of Commission I of the Inter- 
national Society ; and, specially pleasing to him, he 
had an honorary doctorate conferred on him in 
Lisbon in 1056. 

Throughout a very busy life, his main interest 
outside science was in country dancing, and he was 
an enthusiastic performer and administrator in the 
English Folk Dance and Song Society ; at the time 
of his death he was ‘Master Squire of the Oxford 
Morris Men’. 

In his combination of qualities as man and as 
scholar, Schofield was unique and irreplaceable. 
He leaves behind a host of grateful friends, at 
Rothamsted, in Oxford, and elsewhere, all proud 
of their association with him. 

H. L. Panama 
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Mathematical Physics at Birmingham : 
Prof. S. Mandelstam 
Dez. Srantay Manpmtarax, who has been appointed 
to a new chair of mathematical physics in the Depart- 
ment -of Mathematical Physica of the University of 
Birmingham; ` comes from South Africa, where he 
graduated in- and in science (physics and 
mathematic) in-the University of the Witwatersrand. 
As a student he was a co-author, with W. Yourgrau, 
of a book on the “Variational Principles in Dynamics 
and Quantum ’, It was by Pitman 
in 1955. He-took art 2 of Natural Sciences 
Tripoe and Part 3 of the Mathematics Tripos in 
pc ad and his Ph.D. in mathematical 
in Birmingham in 1956, and he has since carried out 
irmingham, 


research m B Columbia and Berkeley. 
His firet 


He is however, for a new method m 
quantum field theory, now known as the Mandelstam 

representation, im which the general analytical 
approach of dispersion relations is generalized to the 
treatment of a scattering or reaction amplitude as a 
funetion both of the energy and the momentum 
transfer, This method has had a influence 
and Dr. Mandalan i 


t is made to 
derive from this a complete solution of the problem 
of the mutual scattering of x mesons, which from 
this point of view would seam to be the simpleet 
problem in high-energy physics. 


Applled Mathematics at Bangor : ° 
Prof. D. R. Davies 


Ds. Davin Rowrawo Davras has been appointed 
to the newly created chair of applied mathematicae in 
the University College of North Wales, Bangor. Dr. 
Davies graduated m mathematios at the Imperial 
College of Science and Technology (University of 
London), where he afterwards studied for the 
degrees of M.So. and Ph.D. More recently, in 1958, 
he was awarded the degree of D.8o. by the University 
of London. After a brief period as a meteorological 
cae Gd ae ee ee 

E ee ae a 
at Liverpool, ee 


appointed reader in applied mathematics in 1959. 
Davies has maintained his early interest in meteor- 
on eee ee ee 
Soy ee ee oy eel Poa Ee 
research interests have concentrated on atmospheric 
diffusion, from limited, saturated areas, 
_ sad on heat-transfer in laminar and turbulent 
boundary layers, and he is the author of numerous 
papers on these topics. In Sheffield he has generated 
interest in this research, and hig research students 
know him as a stimulating and enthusiastic, if 
demanding, leader; at the same time, he is recog- 
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aY SNEWS and VIEWS 


nized as an iring teacher at tlm undergraduate 
level. oe Py ie ee ee ee 
that Davies should rebum to the Principality as the 
first holder of a new char. 


Zool at the Unive of Leeds: 
ve) me P-of. E. A. Spaul 


Pror. E. A. SPavt, whose retirament from the 
chair of xoology in the University of Leeds takes 
lace this summer, has Leen well krown both in the 
orth of England and in London fcr his active and 
valuable membership =f many committees and 
examining bodies. He lett school atthe beginning of 
the First World War was comminsioned, and 
remained on active servise until 198. He took pert 
in many of the historic kattles, and-towards the end 
of the War he was transcerred to gas warfare. After 
the War, he set himself tie double teak of graduating 
in zoology and ab the same being € member of the 
teaching staff of the Zoobgy Department of Birkbeck 
College under Prof. Gosdon Jackscn. This was o 
time when interest in hormones wes acute, and he 


Seale pal cE ite Tesla 
Giles aan eo he potas eee, until 1983, 
when he was appointed to the chair of zoology in 
Leeds. While still reteming his interest in endo- 
crinology, he then turned his atteation mainly to 

, to administratian and to ths encouragement 


of regoarch by the younger di pou a ar har 
encouraged sport, aa ose) 


In addition, he always 
rugby and hockey, amorg the students. 
ih Younges Oa waa = ies raghy pla, and 
for many years been chairman of the 
Comuiiies ba slates of be Lacie Univeaty B 
Grounds. Both he and his wife, who has also 
most activo on a varity af committee, will bo gresily 
missed in Leeds. 


Dr. J. M. Dodd 


De. J. M. Dopp, wko will succeed Prof. E. A. 
Spaul at Leeds, was educated at the White House 
School, Brampton, in Cumberland, and at the 
University of Liverpool. After graduating in zoology 
in 1988, Dodd taught fr a short. time at Cardigan 
Grammar School, and thereafter was on active 
service in the R.A.F. diring the War. At demobil- 
ization, d went ac aasistant lecturer to the 
Zoology Depertment of she University of Aberdeen, 
and here he came in contact with the Hogben school 
of comperative endocrimlogista ; Dodd's own work 
in this field stems from this time. A year later, in 
1947, the late Sir D'Arcy Thompson. appointed Dodd 
as lecturer to the Zoology Department of the Univer- 


thirty 
to the present date, Dodd has worked in Bt.» Andrews, 
being appointed reader in zoology in 1957 and 
director of the ‘Getty’ i 1959. 
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in Africa South of the 
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the Cameroons. The Scientific Council/Commismon 
is financed by the member Governments on a per- 
centage basis, each in its own currency, the United 
Kingdom and France oo: ing the biggest per- 
centage (just under 20) of the total cost in 1960 of 
about £250,000, which is distributed over some fifteen 
separate budgets. Dr. Verdier testifies that whatever 
else the Scientific Council has accomplished in the 
ten years of its existence, in spite of rapid changes in 
Africa, it still provides a common meeting place 
where representatives of its member Governments, 
whether scientists or not, can discuas technical 
matters of importanve to the contmenb of Africa 
without being by other considerations which 
often make international co-operation so difficult. 


The International Council of Scientific Unions 


Tan Year Book of the International Council of 
Scientific Unions for 1960, besides a Calendar of 
Arrangements for 1960, liste the staff of the Secre- 
tariat, members of the Bureau and the Executive 
Board, aa well as the National and Scientific Members 
of the Council and the countries adhermg to the 


Unions . 109. The Hague: International Council 
of Scientific Unions, 1960). Details are also given of 
the membership of the ial committees, joint 


commission, and executive ies of the 

services of the International Council. With the 
statutes and by-laws of the Council, the rules and 
charters for the special committees and permanent 
services, the particulars of the commissions of the 
Unions, of the relations of the Council with the 
specialised agencies of tho United Nations, the list 
of addresses of international organizations, and the 
alphabetical list of members of the joint commission 
and other organizations of the Oounocil and of the 
officers of the Scientific Unions, the Year Book is 
& most useful reference work for scientists and others 
engaged in international scientific activities. The 
Treasurer's report and financial statement issued as a 
seperate paper show an excess of income over 
expenditure for the year ended December 31, 1959, 
of 17,568 dollars (Pp. 12. The Hague: International 
Council of Scientific Unions, 1960). 


Irrigation In Great Britain 


Tam second report to the Central Advisory Water 
Committee of the Sub-committee on Growing Demand 
for Water must be one of the shortest official reports 
on record (Pp. 5. London: H.M. Stationery Office, 
1960. 6d. net), Extending to two pages only, the 
first deals with the appointment and terms of reference 
of the sub-committee and explains that the document 
is an interim report on uncontrolled abstractions of 
surface water, with special reference to mrrigation 
water for agriculture. The second page proposes the 
early introduction of a temporary method of control 
through the river boards m view of the risk that 
poras abstractions will seriously deplete the natural 
ow of rivers at the time when they will be at their 
lowest levels. A deteled report is promised at some 
future date on the ultimate method of control, and 
this will doubtless reveal a selection of the data 
which has led to the early publication of the sub- 
committee’s conclusion. While the sub-committee 
also recognizes that ultimately “‘proviaion should be 
made for conservation and storage so that water 
would be available for all legitimate purposes”, the 
urgency of this need is only being realized slowly in 
Great Britain. So far H.M. Central Advisory Water 
Committee has only been prepared to look forward 
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as far as 1965. In òontrast, tho United States Select 
Committee on National Water Resources is evaluating 
water needs for 1980 and beyond the year 2000 on 
the basis of low, medium and high-level population 


increases. 
If British national policy is to secure the maximum 


some form of temporary control of abstractions may 
now be advisable bocause of lack of foresight in the 


the ample precipitation available. 


Optics and Spectroscopy ` 

Optics and Spectroscopy is now added to the list of 
full English translations of Russian scientifico journals ; 
eS eee Vee on the initiative 


of the Optical Soc (6, No. 1. Translation of the 
Russian, journal i Spekiroscopwa. Pp. iv+84. 
Published Subscription vate 28 dollars 


plus 8 dollars for postage. This rate include the 
Journal of the Optical Society of Americe. Now 
York: American Institute of Physios, 1959). This 
gives a weloome guarantee of the standards to be 
adopted. Five volumes of the original, in Russian, 
have already appeared, and the translations of the 
j and subsequeat vohımes will only be available 
as œ joint ion with the Jowmal of ths Optical 
Sooisty of America. In both the five previous volumes 
in Russian and the present translated issus, the 
coverage of the journal has corresponded quite closely 
with that of the Journal of the Optical Sooisiy of 


on instrumental optios, 
problems. On the other hand, atomic and molecular 
spectroscopy, himinescence and optical properties of 
liy represented. From 


tostrumental is done in, the Soviet Unian, and 
Boe page tee eer E e hay pear 
2 o SAna } 


whether seperate reprints 
lations will be sold. If not, it is to be regretted, for 
both the content of the papers in the present issus, 
and the excellence of the translations, will create a 
demand for them. 


Bibliography of Indlan Scientific and Technical 
Publications 


5 Iw connexion with an exhibition in February 1960 
of scientific and technical books published in India, 
organized by the Council of Scientific and Industrial 
Research, India, the National Library, Oealoutta, has 
compiled a bibliography of Indian Scientific and 


Technical Publications (Pp. xii+195. New Delhi: 
Council of Scientific and Industrial Research, 1960. 
- Re. 26). 


oho Dileep E DA ey ve 
ions supplied in response to requests addreased 
to publishers, universities, research institutions, ebo., 
and supplemented from information or material in 
possession of the National Library. Resources for 
compilation of a eames in the usual way were 
nod available and it is proposed to supplement the 
aie bibliography by such a compilation later. 

The present is m two paris, the first oon- 
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nde oak parta cl wpe‘ anil con 
indexes to each part publications, 
498 relate to agricultcre, fn ene 119 to 


mathematics, and 100 to physica 


The South African Museum 


Tan Annals of the South African Museum, Vol. 45, 
Part 3, contains Part 3 of Prof. L H. Day’s detailed 
work on the polyohsre fauna of South Africa. The 
present contribution daals with ermant species dredged 
off the-Cape coasts ard is the first account of those 
organisms which occur below-tide-marks. The prime 
object of this dredging survey is to determine dis- 
tribution patterns around the southern pert of 
Africa, Both the Hycrographio Section of the South 
Arican Navy sad the andit Ge eia aL 
have provided facilities for the oallection of ma 

the bulk was obtained by members of the 
Department working from smali toate during univer- 
sity vacations. The paper is iustrated with text 
figures. 


Preservation of Films of Histor cal Value 


See coe aed Pat 2 Of fa pana 
catalogue, “Silent Non-Fiction Fims 1895-1984’’, to 
Se ae raat lace october a tocew eed (Erih 
Film Institute. National Film Archive Oatalogue, 
Part 2. Pp. x+195+12 plates. 15s.). The first 
volume (“Silent Newe Films, 1865-1933”) was pub- 
Tod ANE a A 
films, is in preparation. 1,054 entries are 
Salata le US Couey oe ck: 
using wherever the date of release and the 
original release title, and the length and a short 
synopsis are also giver. The great majority—-727—of 
the entries are from Great Britain, and there is also 
an alphabetical index to film titles and & subject index. 
The Archive, which is financed out of the Govern- 
ment grant made adnually to the British Film 
Institute and administared by a committee appointed 
by the Governors of the Institui, has also issued a 
booklet describing the work of the Archive (The. 
National Film Archivs. Pp. 16. London: British 
Film Institute, 1960. 2s. 6d.). This has now buih up 
a collection of 6,00" films, apart from newsreel 
material, covering tha period. 1805 to the present 
Soy ee n a 


some approved work or regoaroh nsy view preserva- 
tion copies on an “Eid-tole” in the Archive's premises 
under the supervision of the’ Archive's staff, and, 
with permission of tha owners and under such oon- 
ditions as they may stipulate, certain films may be 
shown in the Nationel Film Theatre of the British 
Film Institute. Whera the owners of historically 

filma are willing to allew them to be used 


groups cate copies are made 
for These through the Binih Flee Institute's distribu- 
tion service, and mors than 200 films available 
for distribution in ths way. It ia emphasi that 
the National Film Archive is a nazional film museum, 
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to the eleventh annual 
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o Malham Tarn Field 
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it was not possible to 
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Rock Shelter Paintings near Bauch! In Northern 
Nigerla 
Dorma an investigation in the area around Geji, 
not far from Bauchi, Hamo Sassoon, deputy director 
of the Nigerian Department of Antiqurties, found 
several painted rook-shelters. Of these the most 
important was near Geji itself. Four styles of paint- 
ing were determined: there ia a naturalistic style, 
the painting being made m solid red pigment; two 
serio in & more di io style; and another series 
once again in solid red pigment, but much lees 
naturalistic than the frst. Antelopes, cows, monkeys, 
men and a horse are depicted. Thus last, which occurs 
in one of the di io series, is important, ag it 
would seem that the horse would not have been known ` 
at Geji before about a.p. 1500. Only two super- 
Positions can be observed and they happen not to 
be very helpful. It is not, then, posible to determ- 
ine the relative ages of the four series, and aa to an 
absolute date one can only say that one of the 
Tipene series carmot be earlier than A.D. 1500. 
ough the drawings are from the weather 
by an overhanging rock, it is very unlikely that any 
rock-shelter paintings can be of any vast antiquity. 
Precipriation and subsequent evaporation degrade 
the walls and any paintings tend to disappear. 
Only im a caves, where conditions have not 
changed for long periods, can one survival. 
But the newly found paintings in Nigefia are of 
considerable interest. The local nhabitants have no 
idea who made them, but they do attribute magie 
qualities to them. 


Relaxin 


Ix a peper presented before the Americen Society 
of Biological Chérnista in Atlantic City, NJ., Edward 
H. Frieden, of the Arthur G. Rotch Laboratory, 
Boston, Mas., has reported his analyses of relaxin 
(United States ent of Health, Education, 
and Welfare: Public Health Service. Publication 
No. 789: Highlights of Research Progress in General 
Medical Sciences, 1959. Pp. v+33. i 

D.C. : Government Printing Office, 1960.) 15 cents). 
Relaxin is secreted by the ovaries and apparently 
serves to relax the uterus during childbirth. Previous 
work by Frieden had indicated that relaxin was 
composed of a single molecular series; he now 
suggests that there are three componenta. The 
relaxin preparations, isolated from the ovaries of 
pregnant sows, were separated in a solvent system of 
2-butanol and 0-2 per cent trichloracetio acid. A 
total of 855 transfers was made, with the relaxin 
compounds spread rather uniformly over 50 tubes. 
Pooled material from this distribution was re-run 
in the same solvent system, separating the three 
components. The amino-acid contents of the oom- 
ponents were determined by peper chromatography 
of ther acid hydrolysates and were found to be 
qualitatively identical. They imoluded cystme, 
aspartic acid, glutamic acid, glycine, serine, histidine, 
lysine, arginine, alanine, valine, theonine,. leucine 
and tsoleucine. 


U.S. National Centre of Atmospheric Research 


Dre. Warts One Ronyers, of the High Altitude 
Observatory, Boulder, Colorado, has been appoimted 
director of a (U.8.) National Centre of Atmospheric 
Research. The National Science Foundation has 
granted 500,000 dollars to the University Corporation 
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on Atmospheric Reseerch to assist m establishing the 
Centre, which will conmst of a cantral scientific oo 
to stimulate gnd supplement university resear 

will also provide management for whet may 
become a large and widely dispersed research effort. 
a a a a T e 
will probably fall into four categories: atmospheri 
motions, energy exchange procespea in the chai. 
sphere, water substance in the atmosphere, and 
physical phenomena in the atmosphere. It is prob- 
able, however, that the staff will require about 
a year of mvoestigation and exploratory work 
before deciding upon ee long-term research 
projocta. 


Oliver Memorial Fund Award 


Taa Committee of the Oliver Memorial Fund hag 
announced that it intends i its fourteenth 
ennual award of the value of £50 to a British subject 
whoso original work, or services in connexion with 
blood transfumon, 18 considered to be a notable con- 
tribution to the research, organization or donor 
aspect of this subject. Applications and communica- 
` an Area attention to suiteble candidate should 

before September 30, and should 
= sent to the honorary secretary, Mrs. F. E. 


Bedborough, 105 New Park, Avenue, London, 
N.18. 
University News : London 


e Tau title of profeasor of physiœ in the University 
of London has been conferred on Dr. E. H. 8. Burhop 
in respect of his at University Oollege. 

Queen Eliza College has received a grant ‘from 
the Leverhulme Trust Fund of £3,600 over a period 
of two years to enable a sociological research pro- 
gramme to be started in the Department of Nutrition. 
The work will be carried out by Dr. Paul Morpurgo, 
who has been appomted Leverhulme Research Fellow 
1n. the Sociology of Nutrition for two years as from 
October 1. 

A Welloome Research Fellowship has been awarded 
to Dr. Angela E. R. Taylor to enable her to undertake 
in the Department of Biology research on the meta- 
bolic requirements of helminths, using radioactive 
tracers. 

The Landon Research Foundation is making a 
grant to Queen Elizabeth College of £56,000 over a 
period of seven years to further the research work of 
the Department of Nutrition, with special reference 
to its work on fertility control. 


Announcements 


Da. J. M. Wrerersortom has been appointed 
director of the Peroy Fitzpatrick Institute of African 
Ornithology as from September 1. The new building, 
on the campus of the University of Cape Town, 
which is to house the Institute, is now completed. 

Tum Prize of the Justus Liebig Univer- 
sity of Giessen has been awardod to Mr. J. B. Adams, 
acting director-general of CERN (Geneva) and 
director of CERN’S proton synchrotron division. 

Tue Langley Medal of the Smithsonian Institution, 


Washington, has been awarded ously to the 
rocket pioneer, Dr. Robert H. who died in 
1045, for the rocket i he started half a 


century ago at Clark University. 


Taa Warner Memorial Medal of-the Textile 
Institute has been awarded to Prof. O. S. Whewell, 
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professor of textile technology in. the University of 
Leeds. The Warner Modal is awarded in recognition 
of outstanding work in textile saience and tech- 
nology, the results of which hare been published, 
and particularly for work published in the Journal of 
the Textile Institute. 

Tus Science Museum Library ‘has recently been 
presented with a collection of Japanese scientific and 
technical books and iictionaries on behalf of the 
Prime Minister of Japan, Mr. Nobusuke Kishi. The 
Library, as the resu.t of this -presentation, now 
possesses a very complete collection of such recent 
books in English or with Enghsh summaries, m 
addition to a large number of current Japanese 
scientiflo and technica. periodicals. 

Tan Faraday Socievy is organizing a general dis- 
cussion on “The Physical Chem.stry of Aerosols’, 
which will be held at tas Univeraixy of Bristol during 
Septembet 13-15. Further imormation can be 
obtemed from the Assistent Sscretary, Faraday 
Society, 6 Gray’s Inn Square, London, W.O.1. 


Tam eighth International Congræe of Blood Trans- 
fusion is to be held in Tokyo during September 12-16. 
Further imformation san be obtained from Tomio 
Ogata, Blood Transcusion Remarch Laboratory, 
Japanese Red Cross Society, Shitarya, Tokyo. 

La Societ&é Italiana di Fisice is i 
International Summer Course on “Solid 
Physics” at the ‘Cerctro Studi Nucleari di 
during September 5-24. Further information can 
be obtained from Prof G. Poloani. Societé Italiana di 
Fisica, Via Saldini, 5C, Milano. 

THs tenth Internstional Congress of Applied 
Mechanios will be hefi in the oe ee 
Stressa during August 31—Sep 
information can be obtained from the Secretary of 
the International Ccmmuttee, Prof. Mekelweg 2, 
Delft. 


An International Cengrees for Logio, Methodology 
end Philosophy of Scence will be held at Stanford 
Univerarty, California, during August 24-September 2, 
under the euspices œ the Interiational Union for 
History and Philosopky of Science. Further informa- 
tion cen be obtainee fram Proz, Patrick Suppose, 
Serra House, Stanford University, i erin 
fornia. 


Tma fifth International Congress on Nutrition 
will be held in Washington, D.O.. during September 
1-7, end will be i under -the auspices of the 
International Union of Nutritional Sciences, the 
American Institute of Nutrition ard the U.S. National 
Committee, International Unicn of Nutritional 
Sciences of the National Acacemy of -8ciences~ 
National Research Cousil. Further information can 
be obtamed from th» Senretariet of the Co: 

9650 Wigconsin Avenie, Washington 14, D.C. 


Tse Extra-mural Department of the University 
of Manchester, on behalf of the Department of 
Physics of the Manchester College of Science and 
Technology, is holding a summe school in Modern 
Methods of Crystal Ssructure 
Angust 28-Septembe: 9. 

to follow ths meeting m Cambridge of the 
International Union of Crystallography. Further 
information can be obtained from Prof? H. Lipson, 
Manchester College of Science and Technology, 
Sackville Street, Manchester, 1. 


an. 
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PROPERTY 


rivalry, and who, by their experience and spocial 
knowledge, are best able to suggost remedies. 

The officers of the national groups meet several 
times each year at various international centres, and 
the Association discusses the problems arising at 
congresses held m alternate years, different countries 
acting as hosts, Binoe the War, the Association has 
held congreases at The Hague (1947), Paris (1950), 
Vienna (1952), Bruasels (1954), Washington (1958), 
Stockholm (1958), and now London (1960). The 
provious congresses held in London were in 1898, 
1912 and 1932. Prior to the Second World War, the 
congresses were rather small affairs, but international 
interest in industrial has grown so con- 
siderably that attondanoce and the number of countries 
interested have increased groatly. At the recent con- 

, about 600 delegates have attended, with their 
ladies. “In London, tho number increesed still further 
to about 700 and the total of participants (includmg 
ladies) was more than 1,400, representing thirty-eight 
countries. There were representatives from the 
Governments of sixteen countrioa, five intergovern- 
ment orgamrations and four intornational associations. 
The Government representatives were mostly heads 
of national patent officos and ministries corresponding 
to the Board of Trade m Britain. 

The London Congress was held under the patronage 
of H.R.H. Prince Philip, and undor the presidency of 
Sir John Hanbury-Williams. 

At the workmg sessions, held in St. Pancras 
Assembly Rooma, simultaneous iranalation of papers 
in English, French and Gorman was arranged. The 
following problems were discussed: termmation of 
rights to rogister irado marks owing to non-use ; 
cancellation of the rogistration of a trade mark at 
any time upon proof of abandonment; trade marks 
or trade namos with extended protoction ; 
sion or limitation of trade mark rights after a oertain 
period of use ; revocation of patents for non-working ; 
effects on industrial proporty righta of national and 
international rulos providing for free competition ; 
competence of arbitrators and enforcement of their 
awards in mattors of contracts relating to industrial 
property ; mothod and preparation of è study of the 
unification of patent laws; restrictions of the right 
of the patentee for reasons of public interest; tem- 
porary protoction at oxhibitions; extension of 
periods expiring on a public holiday; international 
protection of works of applied art, designs and 
models; rovision of the ” of The 
Hague concerning the international deposit of indus- 
trial designs and models; licensing of trade marks ; 
translation of trade marks. 

All these problems were fully and freely discussed 
by tho dolegates, and in due course the recommonda- 
tions of the Congreas on them will be published and 
submitted to the Bureau of the Industrial Property 
Union for the noxt diplomatic conferance, which, so 
far as The Hague “Arrangemont” for industriel 
deaigns and models is concernod, will be held at Tho 
Hague in November next. 

On the social side of the congress week, the in- 
augural ceremony of its opening was held et the 
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Royal Festival Hall on May 30, presided over by the 
Lord High Chancellor, the Right Hon. the Viscount 
Kilmuir; on May 31, a Government reception was 
held at Lancaster House under the auspices of the 
Board of Trade, which was also attended by Prince 
Philip ; on June 2 the delegates attended a gala 
‘cormance of “The Barber of Seville” at the Royal 
House; and on June 8 the closing banquet 
was held in the Great Hall of the Royal Courts of 
Justice (by permission of the Lord Chancellor and 
the Minister of Works), followed by a ball in the Halls 
of the Middle and Inner Temples (by of the 
Benchers of the Middle Temple and Temple). 
- In consequence of the eernest representations of 
the German Group, it was agreed that the next 
Congreas of the International Association for tho 
Protection of Industrial Property be held in Berlin 
in 1963. The Japanese Group also made strong 
tations that the Congress following tho 
Berlin one be held in Tokyo in 1066, especially as the 
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Association has never yot met ic Asia. In view of 
the decision to hold tae next Congress in Berlin, an 
invitation was sent tœ Peter- von Siemens, of Werner 
von Siemens, Erlangen, to sunooed Bir John Hanbury- 
Williams as president. 

The permanent officers of the Insernational Associa- 
tion are: Seoretary-General, Eugène Blum ; Assistant 
Seoretary-General, Dr. Rudolf Blum, of Zurich, the 

of the ssgocistion Reporter General, 
M. Paul Mathely (Par:s); and Tssasurer General, M. 
Jaques Bede (Brusselm. The preeident of the British 
Group is Mr. G. W. Toekey, Q.C., the joint secretaries, 
Mr. Michael Heaketh-Prichard (chartered patent 
agent) and Mr. Martir H. Lowry (solicitor), ahd the 
treasurer Mr. L. A. Elfwood (solicitor). The 
of the German Group, which will be responsible 
generally for the organization and running of the 
next Congress, is Here H. G. Heme (patent agent), 
and the secretary, Her- Moser vor Filseck (advocate), 

- H. ©. Minis 


PARASITES AS ENEMIES AND ALLIES 


HE Spring roe of the Parasitology Group 

of the Institute of Biology was held during 
Aprl 6-8 in the new buildings of the Liverpool 
School of Tropical Medicine, by kiùd arrangement 
with Prof. W. E. Kershaw. This was the second 
annual meeting of its kind, and was attended by 
about a hundred biologists with widely differing 
interests in parasitology. 

Twenty offered papers were concerned with a 
variety of disciplines and of animal parasites, ranging 
from studies on the biology of the tapeworm larva, 
Cysticerous boris (P. H. Silverman), to mitochondrial 
enzymes in relation to malaria (B. G. Maegraith) and 
_& mathematical analysis of populations of helminths 
in wild and domesticated animals (H. D. Crofton). 
The invited speaker, Prof. T. H. Davey, surveyed the 
role and status of parasites m his discourse on 
“Paragtes as Enemies and Allies”. 

_ In the rapidly developing field of physiology of 
parasites, R. L. Muller presented his experiments on 
glycogen metabolism in Haplometra cyhndracea and 
showed this fluke to ke an obligate saerobe—a 
nice correlation with its habitet in the lung of the 
frog. Invætigations into the 


revealed 
doubles its weight every 24 hr., and that it becomes 
infective Lefore reaching its maximum sire. Under 
the stimulus of transmirsion to the definitive host, 
exponential growth 1s resumed until maturation of 
the worm. Hopkins suggested thet c+ meduration 
e growth-inhibiting subetence is produced which, 
because of linear growth and the lack of a circulatory 
system, does not affect the anterior region of the 
worm. The proteolytio rape of extracts prepared 
from Entamoeba histolytica and the optimum con- 
ditions for proteolysis were reported by R. A. 
Neal. 

Histochemical studies included the distribution of 
nucleic acids in normal and in akinetoplastio strains 
of Trypanosoma eransi by J. R. Baker. D. L. Lee 
showed that the ovijector of Thslastoma bı Thoast, a 


nematode inhabiting zhe hind-gus of the cockroach, 
secretes a mucoprotein responsible for the sticky 
covering of the eggs. Certain aspeste of the behaviour 
of parasites were treated by F. Hawking and M. J. 
Worms, who desoribed_responses of microfilaria oounte 
of Monnitgofilaria setaxiosa to external stimuli applied 
to the host, the mongcose, and who discussed reasons 
for the periodic migrations of microfilariw into the 
peripheral blood. 

A knowledge of tre life-cyclb of a parasite is 
fundamentally important to epicemiological studies 
of parasitic diseases, and work ky T. E. Gibson on 
the development of eggs and larvae of two species of 
sheep nematode, Nemaiodsrus bañus and N. filicollis, 
and on pasture population dersities has allowed 
grazing management methods tc be devised which 
epee sea aes control of fhe diwease. The density 

ulatiors is alao important in the case 
oF eae bouring the acacthoocephalan Poly- 
morphus minutus, which under oertain conditions can 
cause serious losses, and H. B. N. Hynes gave an 
acoount of the way m which the parasite spreads by 
means of ita intermed:ate host, Gammarus app., from 
an infected flock penred on to a small stream. 

An example of howa populatian of parasites may 
serve as an indicato> of drfferent zoogeographical 
populations of host was illustrased by Z. Kabata. 
Whiting inhabiting ths North Sea to the north of the 
Dogger Bank harbour abundant Ceraiomyzxa in the 
gall bladder, whereas fish to the south are infected 
with Myaztdium. There are lec differences in the 
myxosporidian fauna of these fis. from the Faeroes 
and of the haddock fram these areas. 

Parasitic mfections may svoke immune reactions 
m the host, and this host-reaction oan be utilized to 
test for the presence cf the parasite. R.J. Terry, D. 
Poynter and P. H. Sil-erman_reviswed and appraised 
the value of various hematological and serological 
techniquea employed in diagnoszio testa. Further 
uses of host-reaction in detecting the presence of a 
parasite were reportec by 8. F. K. Davies and L. P. 
Joyner, who found that in chicks with a sub-lethal 
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chrysanth4amum in susveptibilrty to attack by eel- 
worms were discussed by H. R. Wallace. The 
behaviour of eelworms on the outside of the plant, 
the invasion of the leaves through the stomata and 
movement of the worms within the leaf were 
described. The evidence supporte the theory that 
varietal variation in'susceptibility 1s related to hyper- 
sensitivity of the leaf tissues to eelworm invasion. 

The degree of host-specifiorty shown by a parasite 
may be important im the epidemiology of human 
disease, as in the case of a pathogen harboured by 
both man and his domestic animals. F. E. G. Cox 
posed the question, “Is Balantidium cols a zoonosis ?” 
and presented data suggesting that this protozoan 
normally found in pigs is not, contrary to common 
belief, easily acquired by man except possbly in 
certain nutritionally deficient states. Another group 
of protozoans, the ‘Limax’ Amebae, have frequently 
been reported as parasites of both mvertebrates and 
vertebrates, includmg man, and they are also abun- 
dant m the soil. Although these anmals are similar 
morphologically they show great differences in their 
physiology and micro-anatomy and these differences 
are reflected in the ecology of the individual species. 
K. Vickerman submitted evidence that some of these 
‘Lumax’ Amebas are facultative peresitos closely 
related to soil-ocourring forms, whereas others are 
obligate parasites more closely resembling the 
Endamoebidae. 

A group of short papers and demonstrations 
desoribed the work in progress at the Liverpool 
School of Tropical Medicine, and these together with 
three other laboratory demonstrations concluded the 
meeting. The proceedings of this meeting will not 
be published m full. J. Manon 
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hoped they will prove valuable to the grower as a 
means of producmg better quality frurt. 

The mam variety trials were concerned with the 
further ovatuation of selections descended from 
hybrids with the compgct-habit (short mternode) 
‘Baby Lea’ variety, and include some which have 
attracted a good deal of interest among growers. 
Some of this material ıs bemg subjected to wide 
screening on growers’ holdings and experiment 
stations this year. 

Of interest m connexion with the tomato-breeding 
pr and other work at the Institute was a 
demonstration by the statistician (Mr. D. Cooke) of 
the results of & survey carried oub in 1059 of the 
verieties of tomato grown commercially. From a 
10 per cent sample of growers seventy distmot varieties 
were recorded, the four most commonly grown, 
accordmg to total acreage, being ‘Moneymaker’, 
which occupied 82 per cant of the 2,067 acres estimated 
to have been grown in Great Britain in 1959, ‘Poten- 
tate’ (17 per cent), “Ware Cross’ (15 per cent) and 
‘Ailsa Craig’ (6 per cent). Within this general pattern, 
however, there were marked differences according to 
district and time of planting. 

The Chemistry Department, under Dr. G. W. 
Winsor, demonstrated some aspecte of its work on 
plant nutrition, composition and biochemistry. The 
nutrition trials now cover the tomato, carnation, 
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lettuce and early-fl f and tho Work on the growta of the tomato has been carried 
is ol aesociated with studies on bulb a stage further, and planta were seen growing in glaps 


mental Husbandry Farm at Kirton, in Lincolnshire. 
The special domonstration for the day was on the 
subject of carnation nutrition, the first experiment, 
extending over two years, having just been oom- 
pleted. This factorial trial, testing three levels of 
nitrogen and two of potash in the presence or abpence 
of added phosphate, magnesium or calcium, making 
forty-eight different combinations of fertilizer treat- 


nitrogen-levela. A more complete assessment of the 
resulta will be possible when the numerous soil and 
tissue samples taken during the course of the experi- 
ment have been analysed. Visitors were able to see 
the second on this subject which had just 
been planted ; this is another factorial trial comprising 
four levels of nitrogen and three levels of potash 
suppled m liquid feeds, superimposed on four levels 
of phosphate and two levels of lime incorporated in the 


compost. 

Other subjecta dealt with by the Chemistry Depart- 
ment were the problem of manganese toxicity and the 
Se Sl ey oo ere Symptoms of 
manganese toxicity had been observed on tomato, 
carnation and lettuce, and the disorder appears to 
arise when considerable amounts of soluble and 


of sparmgly soluble saks such as caloium 


presence 
sulphate, which commonly accumulate in glasshouse 
e is being sought. 
The Chemistry Department is devoting a good deal 
of attention to stud: the composition of tomato 
fruit. Rapid iep Ses been developed for the 
F A of relatively large numbers of fruit samples, 
much information is being accumulated on the 
mee between fruit composition and manurial 
levels, variety and environmental conditions. Special 
ettention is being paid to thé problems of fruit 
ity in relation to fruit composition, and it is 
hoped that the information being obtamed will serve 
as the baais of an approach to the problem of fruit 
flavour. Although there is much still to be learned 
ea to the primary cause of fruit disorders, such as 
‘blotchy ripening’, it is clear that their development 
ulti depends on some departure from the 
jochemical processes of fruit ripening. 
Studies of certain enzymic processes in tomato fruit 
have therefore been undertaken, starting with the 
pectic enzymes associated with the softening of 
tomato fruit during ripening. Limited exploratory 
work on the effects of ripening of certain enzyme 
inhibitors injected into tomato fruit is also in progress, 
the object being to gain some insight into the mechan- 
Pe ees of ripening are controlled in the 


The environmental factors which influence ripen- 
ee E tomato fruit have also been 
investiga the Plant Physiol Depert 
ment, under Dr. H. R. Leonard, rig: eee 
were shown in which the effects of subjecting fruit 
tissues to differant levels of temperature, pleas 
the plantas remain at house temperature, 
being studied with particular reference to Fruit 
coloration. 


chambers in which tie environment, including day- 
length, is partially controlled. Weekly measurements 
of roota, stems, leaves and fruit were being made on 
these plants, as wel as daily counta of anthesis. 
In an accompanying axperiment the relation between 
growth and development of tornato planta and the 


age of the and time of yesr was being further 
investiga’ with special reference to the develop- 
ment of the first trusa. 


Work on virus diseases was a perticular feature of 
ninyi by the Plent Patholcgy Division, under 
L. Broadbent. A number cf diseases of flowers 


chrysanthemum 
by Heat therapy or meristem culsure. The investiga- 
tion of tobacco mose.c virus on the tomato, @ serious 


several critical experaments on various aspects 
problem were in progress. Spec-al attention is being 
paid to the sources cf infection in commercial glass- 
house practice, and cxperiments are being cerried out 


infected clothing anc smoleing tabacco. An attempt 
is also being made tp assess the loss from infection 
under glass, using 3 moderately severe strain of 
tomato mosaic virtue inoculatec into two varieties, 
‘Potentate’ and ‘Moneymaker’, at three stages in 
pee growth. The experiment was planted in mid- 
ebruary, and by tke open day thore were merked 
differences in growth and fruit set between carly- 
infected planis and the remaindar, all the inoculated 
planta being still healthy. 

Also within the pregramme ofthe Plant Pathology 
Division was a derconstration >f the work on the 
‘watery stipe’ diseases of the cultivated mushroom, 
undertaken m the po enar Department under 
Mr. P. H. Williams. Teo e ag al 
beyond doubt the trengmissibility of this disease, and 
the infective prinsipb in a diseased mycelium, which 
is always characterized by abncrmally poor growth, 
can be passed to a healthy one simply by growing the 
two together. The further that infectivity 
can be eliminated from cultures by e 
process akin to heat therapy raises the intriguing 
Poy OA Nee ee ee ` 
mushroom disorder, and virolcgical techniques are 
being employed with the view of finding out if this 
ig 80. 

Other work on culrural aspects of the mushroom is 
undertaken by the Horticulturel Department under 
Mr. G. F. Sheard, and specialty constructed chambers 
for studying the effect of exvironmental conditions on 
fruiting and development of the mushroom were on 
view. In these chanbers, of wnich there are eight, 
each with 4 sq. ft. of growing area, temperature, 
relative ead arl ventilaticn-rate can be varied 


Among Src protection problems under study was & 
comparison of chemisal soil agente, includ- 
ing the newly introduced metkam-sodium (sodium 
methyldithiocarbamete), with the traditional steem- 
ing method. This experiment has shown that on s soil 
free from serious sil-borne d.seeses, yet needing 
sterilizing to restore fertifity, em wa ee 
effective as steaming, treated plota gwing about a 
20 per cent increase ixcrop over the controls. 
The long-term effects of repésted applications of 
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under Mr. W. H. Road, and the Entomology Depart- 
ment, under Dr. N. W. Husey. This work mvolves 
the testing of Lea Valley strains of the mite for cross- 
resistance to other acaricides to assess the practica- 
bility of increasing the range of materials in use. 
This is to be followed by e-scale trials later this 
year to investigate control of pest by physical and 
biological agencies to which it is unlikely to develop 
resistance. F. W. Toovey 


CHING IN SECONDARY MODERN SCHOOLS 


: 3 provision of science 


science equipment in 
ls are revealed in the 
y the Science Masters’ 
` tho nation’s children 
cols, yet m many of 
realod. Many schools 


' mg that they provided 


tht no science because 
jes, 33 because there 
vho were oapable of 


y was collected from 
es. The return com- 


00 schools of this type 


in the school, two for 
three for those of more 
that on investigating 
enoe was being taught 


in secondary modern schools, 47 per cent are obliged 
to teach all or part of their science under unsatis- 
factory conditions. 

The investigation revealed that only one science 
teacher in six in a secondary modern school is a 
graduate, while about one in six has “no pretensions 
at all to science cations’. Only 34 per oent of 
the schools considered that they were adequately 
staffed for teaching science. Special account is taken 
in the survey of head teachers’ opinions on the 
most important needs to improvo science teaching. 
Their orders of priority are more science teachers, 
more laboratory accommodation, and more equip- 
ment. 

The statistical return suggests that, in 65 per oent 
of the schools concerned in the survey, more science 
staff are needed. The booklet comments: “It follows 
that in the country as a whole no fewer than 2,500 
schools need, science teachers and in. some cases more 
than one teacher will be required”. 

Copies of the booklet are available, price le., from 
Mr. D. M. Chillingworth, The Village College, Swave- 
sey, Cambridgeshire. 


NTIC. -RESEARCH IN EAST AFRICA 
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consequence of terri- 
st African Agriculture 
ort, for example, refers 
cblishment of research 


nual 1959. Pp. t+ 
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offloers tam 28 to 28 and of scientific assistants from 
20 to 14, chiefly in the Divisions concerned with soil 
fertility, soil and soil classification, with - 
the result that the Organisation is not always able to 
co-operate effectively with the Territorial Depart- 
ments. The Trypanosomiasis Research Organization 
also refera to reduction in staff, and the Meteoro- 
logical Department has found the diffloulty of 
recruiting staff from Britain to constitute a formidable 
obstacle m its programme of expansion. On the other 
hand, help is being received from the Rockefeller . 
Foundation for agricultural research in East Africa, 
and the Nuffield Foundation is financing further 
research on the physiology of drought resistance in 
crops, and on the improvement of the nitrogen status 
of tropical soils by suitable use of indigenous tropical 
legumes. 
The work of the Agriculture and Forestry Research. 
ion haa included work on the morease of 
crop-yields by reducing the damage done by pesta 
and diseases, such as the study of ‘stem pitting’ of 
arabica coffee, a survey of the nematodes of the 
principel Kast African crops, the development of a 
strain of maize resistant to the virus disease known 
as ‘streak’, and also work on the effect of drought on 
the growth of plants and the water requirements of 
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irrigated crops. Forestry research also has been oon- 
oerned with the effect of forests on water supplies, 
as well as the best methods of raising seeding trees 
in the nursery and for planting out in the forest, and 
the protection of Hast African forests against insect 
attack, particularly by timber borers, and the use of. 
ultrasonic and gammsa-radiographic techniques to 
detect attack and to measure the severity of attack 
are being examined. In the Veterinary Research 


Organization, the Division of Virus Diseases achieved ` 


interesting and important results im ita investigation 
of rinderpest. Good progress was made in research 
on, swine fever, and work on Hast Coast fever oon- 
tinned; but the work of the Division of Becterial 
Diseases was hindered by shortage of staff. 
The reorganization of the East African Trypano- 
Resoarch i 


trypanosomes are 
being developed mainly towards an understanding of 
immunology and the routine testing of new drugs for 
cattle prophylaxis is now to be-the concern of the 
Territories, and the Research Organization is recruit- 
- ing workers for i 

ence. The Marine Organization 
continued its work on tuns longlining and the North 
Kenya benks survey, and an investigation of the 
potential prawn fishing of the estuarme waters of 

Tanganyika was 00 

ee ee ieee 
Institute of Malaria and Veotor-borne 
Ditmas, which endod ia Juno 1900, has shown that 
malaria transmission oan be reduced to a very low 
level but not completely arrested, as a result of four 
ual spraying of houses, m an area of 
hyperendemic malaria. The dispersion and longevity of 
Anopheles gambiae were studied mainly by introducing 
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radioisotopes into the larval ps ee The 
completian of the 120%. steel tower in the Mpanga 
forest enabled the Virts Research Institute to expand 
considerably its work on the bioogy of mosquitoes 
and other blood-sucking flymg insects, and the 
analysis of data collexed over the past fifteen years 
indicates that while in some species of mosquito 
the biting pattern is uniform. over a very wide ares, 
in others the patterm varies according to locality, 
environment or even evel in the forest. The Hast 
African Leprosy Rerearch Cansre commenced 4 
therapeutic trial of ‘Etisal’, and surveys of leprosy 
olini in Uganda ard Kenya confirmed the low 


completed ts projete on the mechanical drying of 
coffee and on contol of arseeni in the production 
of cement copper. The Meteoro-ogical Department 
continued its investigation on thb-use of cetyl son 


heumen cil aie cake ards 
on control operations against swerms in the Somali- 
land Protectorate, January—Jum. 1959 and July- 
October 1959, and in Turkana, April-May 1959, and 
on campeigns against hopper >f the short-rains 
generation in the Semali penirsula, conducted in 
the Ogaden. Referense is made m the report to the 
problems created for tae Directorete of Civil Aviation 
by the introduction of jet airlmersand to the diffloulty 
of suitably =ramed and experienced officers 
standards 


rearuiting 
- capable of maintaining 


SUICIDE: A NEGLECTED PROBLEM 


HE incidence of suicide is on the whole low in 
the leas-developed countries, high in the more ; 
and im some countries of very high living standards 
it has become a problem of considerable proportions. 
Between the ages of fifteen and forty-four it is the 


in Germany, Denmark, 

Tea ana de Ones Caos A wt ae 
United States. It is also an important oeuse of 
ee ee ee oe ee 

In the United States some- 16,000 people commit 
suicide every year, aa compared with 14,000 who die 
from tuberculosis and 40,000 who die from motor 
socidenta; in England and Wales the number of 
suicides, approximately 5,000 annually, is nearly as 
escape ete hand ng Wigs Sa 
tuberculosis, and slightly exceeds the number who 
die from motor accidents. More men commit suicide 
than women, and, as age increases, the preponderance 
oP male AAE because. Kreeta 

Durkeim, in his classio study of suicide, divided 
suicide into three types: the altruistic, im which the 
individuals life is ri controlled by the 
customs and beliefs of’a rigid society, and who com- 
mits suicide for religious or politioal reasons; the 
egoistical, in which he is insufficiently integrated into 
* WHO Chronicle, 14, No. 5 Gay 1900). 


society ; and the anonio, in which he is msufficiently 
regulated by society and his adjussment may be upset 


y economic catasttophes or sudden wealth. : 
disposition plays an important pari in 


drives them to take their own lives, or are certain 
environments conducive to suicidal tendencies ? 
Alternatively, is loneliness both a consequence of 
mental ill-health and a factor incceasing the chances 
of suicide ? eee 
complex ; the causes are not wel. understood. 

Statistical data aboat suicide sre among the most 
i facts in the whole fleld of 


denominations, and between urban and rural areas. 
It should then be pcasible to prevent attempts at 
suicide, and provide those who asteampted but failed 
with efficient after-cate or social support. 
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Physics Department, Institute of Cancer Research : 
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-Study of the reduction, producod by ashmg, of 
alpha activity due to the uranrum series and of the 
rate of recovory of this activity during the succeedmg 
months has provided valuable information ag to the 
progonco of specific members such as lead-210 and 
polonium-210 in many of the matt and vegetation 
specimens. Further evidence of the presence of 
polonium-210 hea been provided by an alpha-ray 
spectroscopic technique’. Serial measurements havo, 
m addition, provided evidence of growth of alpha 
activity due to the thorrum series in numbers of tho 
specimens of vegetation. 

Moagurement of more than fifty specimens of soils, 
sands and chalke from different parte of Great Britain 
and from Central Africa revealed values of total 
alpha activity ranging over a factor of only 5 to 1 
for souls and about 8 to 1 for sands. 

Table 1 lista the values found for a few seloctod 
specimens including the maximum and minimum 
activities so far observed m each category. Assumify 
that radioactive equilibrram existe in both series, the 
soil uranrum contents range from 0-5 to 2-8 and the 
thorium contents from 0:6 to 3-0 upo. /gm. soul. 
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The values obperved for chalks are relatively much 
lower, with httlo difference between specimens of 
different origin. 

Six months or so after sealing the soil samples the 
majority showed small increases of 5-6 per cent in 
their alpha activities, presumably due to reduction of 
loss of radon, and hence to a alight build-up of radon 
and the later members of the uranium series. 

The specimens of raw matt showed initial values 
of total alpha activity ranging from 8 to 28 upo. per 
gm. a few days after sealing, but in the subsequent 
months marked differences were observed between 
the behaviour of the various samples. 
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Table £. AQTIVITINS OF BAW MATTS IN wwo gmi 


8-4 
1-8 
10 
54 
43 
22 





Table 2 gives the values of alpha activity and the 
relative contributions from the two natural series 
observed in a few of the specimens at time i = 0 
(soon after sealing the sample) and 100 days later. 
Three of behaviour are illustrated. 

In samples 841 and SA12 no o was observed 
in ther activities after 100 days, ereas in S44, 
SA6 and SA28 the total alpha activities rose, due to 
increased activity of the uranium series with the 
contribution from the thorium series remaining 
unchanged. In SA24 there is increased uranium 

series activity and an even more striking rise in 
aalies Geo io tha theta serie, Evidently the 
matte may have either or both of the two natural 
series in a state of radioactive equilibrium or dre- 
equilibrium, and the alpha activity of any particular 
specimen may vary appreciably with time after 


sampling. 

An ahquot of SA4 matt showing increased uranium 
series activity with time was reduced to mineral ash 
im a muffle furnace and a series of measurements 
carried out on the ash during the following twelve 
months. 

Table 3 summarizes the results of these observa- 
tions. A concentration of 7-26 times was achieved 
by aghing, and the figures for the raw matt activity 
in column 4 have been derived by dividing the values 
of aah activity in column 3 by this factor. Column 2 
gives the values observed directly on the raw matt 
sarople. 


Tablo 3. Bwooveny or Marr ACTIVITY AFTER ASHIKG SPECIMENS 5At 
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concerned is almost certainly polonium-210. If this 
is the case, the final value which will be reached by 
the polanium-210 can be shown to be 78-0 upo. per 
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gm. ash and the equilibrium total alpha activity to 
be 92-7 ppo. per gm. ash. This latter figure ocorre- 
sponds to a raw matt aotivity of 12-8 puo. per gm., 
which has very nearly been reashed by the direct 
measurements on the raw matt g-ven in column 2. 

Furthermore, the constant porion of the activity 
of the ash after 28 das can be shown to be 14-7 upo. 
per gm., of which 2-9 pyc. is due to radium-228. 
Hence the radium D (lead-210) content of the matt 
is a factor of 78-0/2 © that is, 27 times higher than 
the radium-226 level. 

In other words, 84 per cant of the alpha activity of 
this matt if & r due to the single 
nuclide polonium-210 existing in pr near equilibrium 


. with its parent lead-Z10, which isself is present ato 


oa n of activity than radium-228. 
of this per- 


activity and that ite energy is approximately 
MoV., the energy of the polonium-210 alpha particle: 


Table 4. 
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Table 4 lista the -otal alpha activities and the 
relative contents of tae two natural series observed 
in specimens of grass ash made available to us many 
months after ashing. It will be seen that the total 
alpha activities range from 1-1 to 85-0 upo. per gm. 
ash—a factor of almcst 80 to 1. The hi values 
were found in specimens derivel from Wales and 
Sootland, and in these cases the alpha activity is very 
largely due to the radium perie which contributes 
up to 90 per cent of the total activity. 

It will be seen from comparison of Tables 1 and 4 
that no simple relation is apparent between the 
natural activity of æ partinular specimen of grass 
and the activity of the soil m which it grows, 

Table 5 gives the resulta of serial observations on 
six samples of grass ash ab 30, 100 and 180 days 
subsequent to ashing. No evicence of change of 
thorium series activity was observed in these speci- 
mens, whereas the racium series content in each case 


Radium series «ed. per gm. ash 








build-up of polon_ 
to i wW 


existing in the gra 
Table 6 gives r 


higher values of € 
much lower level- 
be any correlatior 
species of fruit @ 
plant has grown. 

Table 7 illustra. 
observed in a few 
first four samplee 





| NATURE i 


rass ash specimens 


ring some 300 days 
radon, radium A and 
g will have reached 
46 present in the ash. 
rise in activity is due 
-emitting nuclide, the 
n calculated from the 
boh specimen (Fig. 2) 
2 of Table 5. 








for the six specimens 
em to be httle doubt 
10 days 18 due to the 
n the ashing process, 
r half-life lead-210 
igher level of activity~ 


& activities found in 
from Central Africa 
he soil in each case. 
the bark possess the 
he fruit usually at a 
» does not appear to 
activity of different 
ie soil in which the 


ses of alpha activity 
mens of leaf ash, the 
ical increases due to 


July 16, 1960 VOL. 187 


the radrum series and the remaining three due to the 
thorium series. 

Assuming that the rise of activity of the radium 
series is due to the growth in activity of a single 
alpha emitter, the half-life of this nuclide has been 
calculated from the data of Table 7. The values are 
respectively 163, 189, 124 and 167 days with a mean 
half-life of 148 days. Once agam there would appear 
to be little doubt of the phenomenon being Fn to 
the growth of polonium-210 to equilibrium with rts 
parent lead-210. 

The increases of thorum series activity appear to 
be linear up to the latest time of observation—300 
days after ashmg—indicating the growth of an alpha 
emitter the half-life of which ia much longer then 
300 days. The thorium series contains only three 
members with half-lives longer than 300 days, 
namely, the head of the series thorium-282, ite 
daughter radium-228 (half-life 6-7 years) followed by 
thorium-228 (half-life 1-9 years). During the whole 
of our mvestigations on human, animal and plant 
tissues no evidence has yet bean found, even by alphe 
spectroscopy, of the presence of thorium-232 m such 
materials. 


In the absence of thorium-282 at a higher level of 
activity than zta daughter radium-228, there remains 
only one posmble explanation for the growth of 
activity due to the thorium series at the rates 
indicated in Table 7, that is, by the growth of 
thoriam-228, and hence of all the subsequent short- 
lived members of the series, towards equilibrium 
with ite parent radium-228. + 

If radinum-228, not iteelf an alpha emitter, existe in 
the leaf ash at a level of activity higher than ite 
daughter thorium-228, then the observed increases 
turn implies that the plant takes up the radium 
isotopes in preference to thorium and is in agreement 
with our earlier findings for human and animal tissues 
and for plant foods. In all these cases the radium 
contents are invariably in excess of the thorium 
levels, in spite of the greater abundance of the latter 
m the soil. 

One of the outstanding features of these observa- 
tions is the very wide range of natural alpha activities 
found im vegetation compared with that in the 
corresponding specimens of soil. We recognize the 
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difficulty of obtaining representative samples of-such 
materials; but it is clear that no simple general 
correlation exists between the plant and soil 
activities. 

1t has boani Pteroinae obeettve: the: widonproaa 
and often predominant activity in vegetation. due to 
polonium-210 which appears to be present in speci- 
mens ranging from. British grasses to plantes of various 
species from Central Africa. It is evident that this 
substance or one of its precursors such as radon-222 
or lead-210 may be taken up directly from the soil. 
It has been shown by Jaki and Hess’ that even 
moderate rainfall can restrict the rate of escape of 
radon-223 from the surface of the soil, and it is clear 
that in areas of high rainfall this factor could result 
in concentrations of lead-210 and in turn polonium- 
210 being produced in the top layer. 

A linear relationship between the alpha activity of 
graases and the annual rainfall has been demonstrated 
by our colleague, Mr. O. R. Hill', and suggests that 
polonium-210 or one of its precursors may also be 
taken up directly from rain. The relative importance 
of the contributions resulting from these two meah- 
anisms presumably varies from site to site, i 
on perameters such ag species of plant, soil i 
characteristics, depth of the water table below the 
surface and probably many other factors. 

The complexity arising from the evident preference 
of vegetation for radium rather than thorium iso’ 
together with unoertainty of the degree of io- 
gotive equilibrium existing in the plant~matt—soil 
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at any partic.lar time readers generalization 


We have so far littl mformation concerning 
variation of the nasural alpha activity of plant 
materials with season, rate of growth and many 
other It is clear thet in order to define 
the alpha activity of vegetation an or near a given 
site, complex sampkng procedures are necessary, 
followed by serial measurements spread over & con- 
siderable time. 

We express our gratitude te the Westminster 
Hospital Medical Schcol Expedition, 1958, for making 
available to us the renge of soil and materi 
from Central Africa. We woul also like to thank 
Dr. R. Scott Russell, director of the Radiobiological 
Laboratory of the Agricultural Fesearch Council, for 
providing the numeraus aasay samples of soils, matte 
and graases. Fi , we wish to thank our colleagues, 
Mr. ©. R. Hill and Miss Mary Duggan, of this Depart- 
ment, for their aeaistence during these investigations. 
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LEAD-210 AND POLONIUM-210 IN GRASS 


By C. R. HILL 


Ics Department, Institute of Cancer Research 
iii Royal Cancer Hospital, London, S.W.3 


recent publications from this Department},? it 
has been shown that the a-activity observed in 
oertain samples of grass is largely due to the presence 
of polonium-210 (radium F), acoompanied by its 
parent lead-210 (radium D). In the present oom- 
munication evidence is presented that suggests that 
a large part of such activity may originate as a decay 
product of atmospheric radon (Table 1), which is 
afterwards deposited on to the gras by rainfall. 


Table 1. Tam Lowe-Ltyup DEcAY Propvucrs or Bapon-22a 


Half-life Mods of deoay 
"Pb (Ra D) t yr. by 
upi » 5 day 8 
Po 138 day a 

stable 


Samples of grass and topsoil were collected during 
the first week of December 1959 from twenty well- 
separated pointes in the southern part of Great 
Britain, chosen to provide a wide variety of soil and 
reinfall conditions. Total «-activity measurements? 
were made on the dried grass and soil samples and 
also on & number of grass ashes. Observation of the 
build-up of polonium-310, following its volatilization 
on ashing, has confirmed that the «-activity measured. 
in the grass samples was again due mainly to this 
nuclide. A similar increase in a-aotivity with time 
was observed in the case of the unashed dry grass 
samples, but from a relatively higher initial level, 
indicating that the polonium-210 in the grass at the 


time of collection had_already reashed between 35 and 
80 per cent iun with_ite parent lead-210. 

In Fig. 1 the measared total specific a-activities of 
the individual dry graas samples (extrapolated to the 
condition of equilibrum between polonium-210 and 
lead-310 and hence en approximate measure of the 
respective lead-210 ocnoentrations) are plotted against 
the values of mean annual rainfell at the sites of col- 
lection. A linear relation is cbarly the 
value of the correlation coefficient being 0:87. The 
lead-210 concentraticns have alto been found to be 
related to the 8- anc y-activities due to flasion pro- 
ducts‘ for which, as s well known, the predominant 
mechanism of deposivian is wask-out in rainfall. No 
correlation was fourcl between the total a-activity 
of the grass and thas of the soil 

To account for tEese observations, two possible 
mechanisms might >e postulated: (a) uptake of 
lead-210, or one of ita short-livec precursors from the 
soil, and (b) direct deposition mn ram of a partial 
equilibrium mixture of lead-21D, bismuth-210 and 
polontum-210, prodcoed by desay of atmospheric 
radon-222. While uptake from the soil probably 
ooours to some extent, the observed correlation with 
rainfall and with fission produst activity 
that direct deposition must be important. As 
below, such evidence is sopporog by the similarity 
between the observed levels of lead-210 activity m 
grass and those that might be expected on the basis 
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(dry weight), and precipriation in this period was 


On the 


extreme assumption of complete retention of activity 
by the grass following deposrtion m ram, values of 
specific activity could thus have been expected to 
occur in the range 3-6-26 x 10-1" o./gm. of dry grass 
for each 100 om. of annual rainfall. It is therefore 
apparent that, within the rather wide limite of 
uncertainty inherent in the above assumptions, the 
levels of lead-210 observed in graw (Fig. 1) are oom- 
parable with those that might have been expected as 
a result of deposition from the atmosphere. 


Uptake of Polonium-210 by Sheep 


The recognition that polonium-310 occurs as 4 
natural contaminant of grass has suggested the 
investigation of ita poamble uptake by herbivores. 
At the same time-that the above grasa samples were 
collected, samples of lamb kidney, stated to be of 


local origin, were 


from several shops m 


each of two Welsh market towns close to areas of 
high rainfall Total a-actrvity was measured on 
mmoed, acetone-dried tissue and, in two oases, tissue 
samples from the cortex and medulla were measured 
separately. Results of theae measurements are given 


in Table 2. 


Table 2. a-ACTIVPTY MEASURED IN DRIED LANB KIDNEY 
(10-4 0. PER ax. Wier Teva) 


Whole kidney 
1-79 
1-76 
1 67 
0 09 
0:12 
0 68 


1 
2 


Modula 


Alpha spectroscopy! was carried out on one sample 
of whole kidney and the spectrum found to consist. 
of a single line with an energy value corresponding 
to that of polonium-210. Confirmation that this is the 
nuclide responsible, and that it oocurs in the absence 
of lead-210, was provided by observations of the 
decay of total a-activity. The observed localzation 
of activity in the cortex, which is a known character- 


istic of polonium’, 


gives further support to this 


finding. It is of interest that studies on man, rabbits 
and rate have shown that between 5 and 15 per cent 
of the total body burden of polonium may be present 


in the kidneys". 


Conclusion 


It appears that an important contribution to the 
observed a-activity of grass may be provided by a 


process of ‘natural fall-out’ 


in which lead-210, 


resulting from decay of atmoepherio radon, together 
with a fraction of the 
descendant polonium-310, are deposited by ramfall 
Metabolic uptake of part of 
this activity by sheep is mdicated by the presence in 


directly on to foliage. 
the kidney of polonium-210. 


amount of its 
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content of a sample of grass ash. 
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PARALLELISM OF CHANGES PRODUCED BY: COOLING: AND. BY 
DRUGS KNOWN TO AFFECT ADRENERGIC. “MECHANISMS. 


By Pror. ELEANOR ZAIMIS 
Department of Pharmacology, Royal Free Hospital School of Medicne, Landon, wc 


ESERPINE, guanethidine, bretylium, tyramine, 
amphetamine, ephedrine and dichlorotsopren- 
alme are all substances known either to mimic or 
to modify adrenergic mechanisms, and their modes of 
action, still uncertain, have stimulated much work 
and discussion. During a comparative study of the 
effecta of these drugs on skeletal muscle and on 
mechanisms mediated either through cholinergic or 
adrenergic componenta of the autonomic nervous 
Tea it bas been found that the responses obtained 
animals st normal temperatures under the 
Reape aara ao thc Ray 
obtained in untreated animals at lowered body- 
tem tures. $ 
the experiments have been carried out on cata 
under chloralose ansæsthesis, and when effecte of 
cooling were studied body-temperature was lowered 
either by the circulation of cold water through a fine 
rubber bag inserted mto the abdominal cavity or by 
ing the anssthetized animal on an unheated 
operating table. Under anmsthesia, the body- and 
e Specially the muscle-temperature of cats tends to 
° fall very rapidly’. Both methods produced a rather 


study ; ede wacul aa lay wes E 


tyramine, and isoprenalme are 
from acute only, those with guan- 
ethidine, bretyli and amphetamine from both 


casera sao aay and thoee with reserpine from 


gga gn a ee oe 
markedly modify physiological processes and alter 
the effecte produced by pharmaocologically active 
substances. For example, induced hypothermia is 
usually acoompanied by a fall in blood pressure and 
bradycardia. The responses of various drugs are 

either increased and prolonged or reduced. Through. 
out the present experiments the following responses 


have been cam in normal and pretreated 
animals at various body-temperatures : (1) the effects 
and acetyl- 


of adrenaline, noradrenaline, 

choline on blood pressure ; (3) e contraction of the 
niotitati membrane elicited by stimulation of the 
cut stump of the cervical sympathetic ; 
Avice e a vuelta cae eee for 
this the left vagus nerve was divided in the neck and 
the peripheral end, separated from the sympathetic, 
was excited electrically ; (4) the effect of a blocking 
dose of decamethonium on skeletal muscles. 


Cooling 
Fig. 1 shows typical resulta from an untreated 
animal at various body- eet aehan In this per- 
ticular experiment the bl preæure of the animal 
was initially relatively low, and therefore cooling 
produced a marked bradycardia without further 
lowering of blood pressure. As cooling proceeds, the 


onset of the response to adreraline, noradrenaline, 
isoprenaline and acetylcholine is slowed, the mag- 
nitude of the resporse mereasee and the duration of 
action is prolonged. Over tke temperature-range 
examined (89°-26° ©.) the magnitude of theae 
ergoes : it ioreases 
down, to about 80° C., 
starts decreasing. Se ee eee eee 
always more affectec than that so noradrenaline. 
the other hand, the responses of the heart to 
stimulation and the block produced by decam 
onium increase ag tamperature decreases. Lowered 
muscle temperature is known to increase, in both 
animals and man, the mmgnitade of the effect of 
depolarizing drugs and markedly prolong their 
duration of action'.*. Theae caanges appear to be 
independent of the actual metabolic fate of the 
drug; for example, decamethcnium is a substance 
which is not destroyed in the body, whereas suxa- 
methonium, another depolarixng drug, is ey 
hydrolysed. Cooling, however. prolongs the block 
produced by decamethonium, more than, or at least 
as much as, that by euxamethonium. 

At lowered ad oan various substances, 
but especially + ine and adrenaline, initiate a 
phasic variation in the blood-pressure pattern (Fig. 1) 
possibly due to the initiation o7 phasic variations in 
the tone of the perinheral blood vessels. 


Reserpine, Guaneth dine, Amphetamine, Ephedrine, 
Bretyilum, Tyrarcine and Dé&hlorojsoprenaline 
In animals treated either asutely or chronically 

with any of the abore compounds, the effect of vagal 

stimulation on the heart, the duration of the 
decamethonium blok, and ths response of blood 

pressure to acetylohaline are all-moreased (Figs. 2—6). 

The magnitude of these chenges is, of course, 

influenced by the duration of the pretreatment and 

the dose. The fall in blood pressure produced by 
tsoprenaline is also increased in the presence of all 
these drugs with the sxception o7 dichlorotsoprenaline, 

a drug known to antagonize the sotian of t 

An interesting point is that the affect of dichloroiso- 

on vagal simulation, acetylcholine and the 
uration of the decemethanium. block appears before 
ine is antagonized. A phasic variation im 


adrenaline and to a beser degree by noradrenaline. In 
contrast, she rise in blood pressure produced by 
adrenaline and noretrenaline ranged from a marked 
potentiation to more or lee complete abolition 
depending on the crug sdminstered, the dose and 
the duration of the pe pretreatment. For epee in 
aote erperiments With. ty meat) arnphstarmine and 

ephedrine at normat- , there was an 
initial reductian of tae responees of the blood preasure 
to both adrenaline and mradenaline. Throughout 
this work it was quite obvious that æ fall in body- 
temperature as smal as 2-8° O appreciably affected 
all responses. Great care, therefore, was taken to 
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mm. 


He 





36 6° C. 100 p 


27-6° 0. 
even with doses of re- 
serpine which had no 
. effect on the 

function of adrenergic 
nerves. The doses used 





; g 
Fig. 1. Oat, 3-2 _ stimulation ranged from 5 ugm. to 
Cori pera Palao ta) 1 mgm. per kgm. body: 
weight, and the dura- 
tion of the pretreatment 
from one to ten days. 
Even with a dose as low 


as 5 pgm. per kgm. ad- 
mmustered for five days, ® 
the changes ae 
were quite marked (Fig. 
b ; 
se coat. Poh 4). In animals treated 
_ with reserpine, the ad- 
ministration of small doses of guanethidine, armphet- 
IET O. amine or ephedrine further potentiated the various 
For the remaining compounds the range of doses 
used is given in Table 1. 





“ 











Table 1 
30-6" 0. 

Pretreatment Acute 

(mgm./kgm.) (mgm. /kgm.) 
TE T 

p= 
Amphetamine 2 0 1-2 
Bphedrine 0 Tr 
0 l~ 

Dlohiororsoprenalıne 1 





In the animals pretreated with guanethidine or 
with bretylum, the potentiating effects appeared long 
before the blockade of adrenergic neurones. On the 
other hand, amphetamine and ephedrine were still 
producing their usual rise in blood pressure in the 
presence of large doses of guaneth- 
dine and bretylium and long after 
the adrenergic neurones had been 
blocked (Fig. 2). 


Discussion 
A lowering of body-temperature 
slows the rate of all physiological 
Processes, but some are more 
affected than others. For ex- 
ample, for a given fall in tem- 
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the decrease in rate of diffusion of metabolites’. The 
same is apparently true for tae action of various 
drugs. Some drugs beocme more effective at lower 
tamperatures,-whereas the action of others is reduced. 
On this besis, Jobrson, Eyrinz and Polissar* haye 
classified drugs into two types. Among the first type. 
are. those drugs whith produce their action by oam- 

ly inhibiting enzyme svatems. The second 
type includes a large number of narcotics. There are 
alao drugs exhibiting both types of effect. According 
to this classifioatior, the druge used in the present 
work must belong t the first type, since all become 
more effective at lower temperatures. Fig. “6 illus- 
trates this point. In two diffrent animals, one at 
88° C. and the other at 34° C_ the same dose/kgm. 
of amphetamine wes administered. The action pro- 
duced by the drug was both more pronounced and 
more prolonged in -he cooled enimal. 

The striking reemblance between the changes 
produced by ocoolirg alone and those produced by 
the drugs under corsideration, sogether with the fact 
that the effects of these drugs are increased at lower 
temperatures, ted the pesibility of a common 
pada foe tholt maoan oF 6 ton, By far the moet 
obvious change produced either by cooling or by any 
of the drugs studied is a probngation of responses 
elicited by various meens; cbviously the rate of 
recovery of the efector cella after activation is 
alowed. This appears to be mdspendent of either the 
type of activation ‘stimulatior or mhibition) or the 
type of nervous ocntroL (adrenergic or cholinergio ; 
autonomic or motoz). I is tharefore very tempting 
to suggest that the action of hese drugs, 80 far as 
this phenomenon ef prolongasion is concerned, is 
brought about by inhibition of the metabolic pro- 
cesses underlying ‘rscovery’ of a cell after activation. 

There is greater uniformity im the changes produced’ 
at cholinergic than at adrenergD sites. At cholinergic 
gites each of the drags in this sroup gave rise to the 
same type of change cthougk to varying extent, 
whether administersd chronically or acutely. On the: 
other hand, at the edrenergic sites there were distinot 
differences, possibry because by virtue of their 
chemical structure thes substances are presented 
here with a greater varrety of enzymic processes to 
act upon—processes concerned with the synthesis, 

storeze, release and destruction of the 
2 br. catecholamines Ell along the adrenergic 

: pathway. The reultant effects, there- 
fore, will depend (a) on the direct 
‘mirickimg’ abiity of the compound 
(as m the case of tyramine, amphet- 
amis, ephedrire), (6) on the ease 
with which ther penetrate cell mem- 
bransg, and finally (c) on their action 
ag ichibitors of various enzymic pro- 
cepees3. The wiae spectrum of effecte 
whica these druzs produce on adren- 
ergic systems coild thus be explained. 

But what can be the general mech- 
anien by which these drugs interfere 
with the recovery of a cell after 
excitation. an effect “seen at both 
cholmergis anc sdrenergic sites? 
Posably by competitively mbibit- 
ing anzyme systems concerned with 
the =estoration 2f & cell after activa- 
tion. These various molecules look 
chemically very differerft, but wo can- 
not really see how they come to 


blood: pressure be ccmpečđtive. But take the followmg 
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Lilly and Co., for the dichloroteoprenalme. This 
investigation was supported by a grant from the 
Palissade Foundation, Ino., of New York. 


Summary 


It hes been found that reserpine, guanethidine, 
Perynn; tyramine, amphetamine, ephedrime and 
produce changes closely anal- 
oe to those observed in animals the body tem- 
perature of which hag been lowered. The metabolio 
basis of these changes is discussed. 
1! Bigland, B., and Zaimis, H., J. Physiol, 141, 420 (1088). 
3 B., Goetze, B., Maclagan, J., and Zaimis, H., J. Phyno., 


* Ceannard, T. H., and Zaimis, H., J. Physiol., 142, 112 (1059). 
, J. Pharmacol, 122, 480 (1058). 


: D. H. B., “Tho Physiology of Induced ” 
Poaha Academy, ee sete a ner 


' Johnson, P. H., Byring, H., and Polisar, M J., “The Kinetle Basis ` 
of Molecular Biology” (Wiley, New tok i ios). 


LABELLED HYBRIDS OF HÆMOGLOBIN 


ROME VINOGRAD and WILLIAM D. HUTCHINSON 


tvision of Chemistry and Chemical Engineering, Californie Institute of Technology, 
Pasadena, California 


belled Hybrids of 
amoglobins 


HbA) and ite allelic 
oe (HbS) eaoh 
de chains, « and 6, 
. Bickle-cell hæmo- 
bin in the substitu- 
amyl residue" in the 
dissociate into two 
al molecular weight 
‘ons; the products 
ues in neutral golu- 
ported that mixtures 
alt hæmoglobin, disg- 
mbine upon neutral- 
nolecular sub-unrts’. 
mations of various 
l a general method 
of useful amounte of 
-ybrids ın which one 
while the other 1s 
lled hybrid hemo- 
stion of the chemical 
ariant hemoglobins. 
14 labelled 1 hybrid 
ated here with the 
xm. The carbon-14 
Zormed upon recom- 
auxtures of the two 
aline solutions. 


| arbon-14 Hybrids 


Haemoglobin 


2 adult normal and 
bin, one uniformly 
2, were dialysed far 

a phosphate buffer 


hosphate, 0-0167 M 


sodium phosphate, 0:15 M sodium chloride) of pH 
11-0 or an acetate buffer (0:1 M sodium acetate, 
0-15 M sodium chloride, 0-042 M acetic acid) of pH 
5-0. This dialysis was followed by a dialysis to a pH of 
7-22 against the buffer specified as chromatographic 
developer No. 1 by Allen, Schroeder and Balog’. 
20-50 mgm. of the mixtures were separated on an 
‘TRO-50’ column m equilibrmm with developer No. 1 
at 6° O. The adult hæmoglobin was eluted at this 
temperature, after which the sickle-cell hæmoglobin 
was eluted at 28° O. The concentrations of the 
chromatographio fractions were determined spectro- 

photometrically at the absorption maxima of carbon- 
monoxyhsmoglobin at 541 or 415 mz; or, in cages 
where the hemoglobins were believed to be con- 
taminated with methsmoglobin cyanide, at the 
isobestio wave-length 522 mp. 

The speciflo activities of the hæmoglobin samples 
were measured using a Nuclear-Ohicago gas-flow 
Geiger counter, model D-47, equipped with a ‘micro- 
mil’ window. At the high level of specific activities 
of these hemoglobins, less than 0-5 mgm. was required 
per planchette. No oarrections for self-absorption 
were necessary with these amounts of hemoglobin. 
A fixed volume of solution, 0-5 or 1-0 ml., waa plated. 

In experiments with radioactive human si U 
hæmoglobin ıb was necessary to free the material 
of the fast-moving minor hemoglobin components in 
sickle-cell hæmoglobin. This was scoomplished by 
chromatography of 50-100 mgm. of sickle-cell hæmo- 
globin with developer No. 2 (ref. 8). The major 
sickle-cell hemoglobm component was recovered by 
warming the column to 28° O. The hæmoglobin 
solutions were concentrated by oentrifuging for 
18 hr. at 40,000 r.p.m. in the No. 40 rotor of a ‘Spinoo”” 
preparative ultracentrifuge at 5° O. Concentrated 
solutions, usually contaming 8-15 per cent hemo- 
globin, were withdrawn from the bottom of the 
centrifuge tubes with a hypodermio syringe fitted 
with a 4-in. 22-gauge needle. 
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HYBREDIZATION, pH 11.0 
ecm - 


~He CONG. 


mem hkamogiobhinjml. in fraction 
(CPM/ML)x 1073 


Wig. 1. jpransfer of radioactive a sub-mmris in a mixtare of bomen 
dialysed to pH 7-2. (s) Hxpertment 6, (b) experiment 4, 


Preparation of Radioactive Hemoglobins 


The unlabelled hsmoglobins were prepared from 
° freahly drawn blood samples from either normal or 
sickle-cell anæmio individuals by the Procedure of 
Drebkin®. The hæmoglobin was nob 

Tt was desired that the radioactive Secmoglobine 
used in the hybridization experimenta be uniformly 
labelled in the a and the $ chains. L-leucine was 
chosen because of the abundance of this amino-acid 
in the molecule and the presence of leucine in both 
a and B N-terminal peptides. It has recently been 
ahown that there are close to an equal number of 
leucine residues in both chains’*. Uniform labelling, 
therefore, should lead to equal specific activities in 
the a and 6 chains. 

The radioactive hmmoglobins were prepared from 
the red blood cells of ansamio donors. Blood samples 
containing 15-40 per cent reticulocytes were used 
within 2 hr. after the blood was drawn. Following 
four washings with cold isotonic saline solution, the 
red cell suspensions were incubated by a modification 
of the procedure devised for rabbit reticulocytes by 
Borsook of al... 

The complete moubation mixture was prepared 
using the following stock solutions : 


(a) 0°18 M sodiura 0 005 Af potasium chloride, 0-0075 M 


in A 
0-38 Mt in solution (8), fresh for each moubation. 
o) 001M ammonium tn solution (e), a 
0&7 M sodium bicarbonate rodistilied water, ‘prepared fresh. 
yin! a 1 Falante 190, Farias 100, kampeto 
s30, ie wre 60, Ey Te te lat nan rh 400, Unisiidine, hydrochloride 500, 
50, b- pia ie 160 Tatna 176, three 3, 
Teyplopban 00, i-tyrosine 150, valine 370. 370, 
ot as Ingm. per ml 


lots whieh were thawed out as 


The following amounts of the above solutions were 
added, in the order given, to 10 ml. of packed red 
blood cells : 5-85 ml. of amino-acid mixture, 0-60 ml. 
glucose solution, 1-2 ml. ine solution, 1-8 ml. 
of sodium bicarbonate solution, 11:7 ml. ferrous 
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ariméninm sulphate solution. 
Seven micfcmoles, 50 po., 
Naclear-Ohicago uniformly labelled 
radioactive t-leucine, dissolved in 
03 mL solttin a, was then added 
tians the cold 1-leucine was omitted. 

Tho cells were incubated for 4 hr., 
washed four times and lysed with 
d&tilled water and toluene. After 
removal of cell debris by low- and 
hith-speed centrifugation, the re- 
sching hemegiobin solutions were 
dialysed against several changes of 
distilled water to remove unmoor- 
perated carban-14 labelled L-leucine. 
The specific antivities of the hæmo- 
gbbins in sevaral tions were 
bebween 3,0C0 and 7,000 o.p.m./ 
mam. 


Results of Hybridization 
E> periments 

The reuke of & typical hybrid- 
ization expersment and the chrom- 
atographic separation of the two 
hemoglobins are shown in Fig. 
1g. In Fig. la the resulta of a 
chromatographic separation o? the same materials 
mixed at pH 7, but not dissociated at pH 11, show 
that there 1s little contamination of human’ adult 
normal hemoglobin by the radioactive sickle-call 
hæmoglobin. Inspection of the curves in Fig. 1 
shows that no new chromatcyraphic species have 
appeared as a result of the disscciation of the mixture 
at pH 11 and that transfer of activity from the fickle- 
cell hæmoglobin to the adult hæmoglobin occurs. The 
specific activity of the adult hæmoglobin after dis- 
sociation and recombination is approximately one- 
third that remainirg in the siskle hemoglobin. In 
Table 1, experimenta 1-9 summarize the results of 
several similar experiments in which the hamoglobins 
were dissociated in acid and alzaline solutions. a 
specifio activities given in Teble 1, 
standard deviations. are average values o the spend 
activities of all cbrcmatographD fractions con: 
more than 0-2 mgm.-/ml. of hamoglobin. This usually 
accounted for more than 80 per cent of the recovered 


adult hemoglobin and 


























PP sce ap rac percentage of 
hybridim Hon. 


why nunon vai was calonlated assuming a ratio 
products of tree to one for 100 per eent 


ionit en tie 
and sickle-cell hemoglobin 
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F Ba 
moglobm are known 
los at pH 11 (ref. 5). 
hybridization occurs 
all and adult hemo- 
ry dialysis for 24 br. 
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2a + 28 


arter molecule state 
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pH 11. On recom- 
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This pro- 


posed mechaniam for sub-unit transfer implies that 
B and $! do not combine, and similarly, «8 does not 


combine with af. 


Significance of Haemoglobin Hybrid Formation 


The hybrids labelled with carbon-14 described here 
are useful materials in two general areas of hemo- 
globin studies. First, any peptide fragment isolated 
from digesta of the whole molecule may be identifled 
with respect to the sub-unit of origin. An example of 
this was the first identification of the aberrant or 


non-transferring sub-unit in the normal 


bin/ 


sickle-cell hæmoglobin system with the 8 N-terminal 


peptide’. 


In the second kmd of study, a sub-unit 


transferring between two hemoglobins may be readily 
followed as in the oage af reactions between hemo- 


globins A and F (ref. 12), 8 and H (ref. 18), and more ~ 


recently in interspecies systems between adult © 
hsamoglobin and rabbit hæmoglobin. In the latter 
case, through the use of «38,4, the compositions of the 
two interspecies hybrids were readily 
(unpublished work from this Laboratory). 

This investigation was supported in part by a grant 


(71-8394) from the 


National Institutes of Health, 


United States Public Health Service. We wish to 
thank Dre. R. T. Jones and W. A. Schroeder for their 
advice in connexion with the chromatographio 
procedures, also Dr. P. A. Sturgeon, Children’s 
Hospital, Los Angeles, for supplying us wrth the blood 
samples and the hsmotological data. > , 
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iD THE NATURE OF THE PRIMARY SPECIES IN 
DIOLYSIS OF AQUEOUS SOLUTIONS 


solute dropped sharply on going from acid to neutral 


conditions. Somewha 


t similar pH effects have since 


been noted in various other aqueous systems’. Aa 


yet, however, no satisfactory explanation has been 
offered for these results. 


- In the course of an investigation of the effect of 
cobalt-60 y-rays on aqueous sohrtions of various simple 
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Pe L Dependence on F of the ot enecoe aod hydrogin from 


tions of tæopropanol (1 


aliphatic doshola; carried. out in this laboratory, 
. particular attention has been directed to the study of 


ol solutions. The main 


product was fi to be acetone. The yields of 
acetone and of from isopropanol solutions 
(10-* Af) were as & function of pH over the 


range pH ~1 to ~ 10. In the more strongly acid 
ella OE ee ees 
were linear with dose, up to the highest doses 
used (4 x 10 eV./ml.). In the range pH ~ 3 to ~ 6, 
however, the pe oe piota oo falling 


eto the lowest | doses showed that initially 
hoe Whe MIDs ela ae es oe Us ase 
ately determined. Above about 3 x 101’ nhs 

the deviation of the lota from non-linearity was 
Ba (molecules/100 wv) 


using doses ranging 
LE peeve i Pas 1 shows the pH-dependence 
of the radiation-yields obtained in this manner. 

It was apparent from theese resulta that some back 
reactions were taking place in solutions irradiated at 
pH > 3. were therefore carried out in 
which acetone was added to tecpropanol solutions 
(10-* M) prior to radiation. Some results are shown 

- in Table 1. In the pH range 3-6, such additions lead 
to notable decreases in the yields of hydrogen. It 
` would appear, rei i erat ns eer 
isopropanol solutions is largely with back 
ieee rag OOE in Po a babar gach ea 
Eesentially similar results have been observed with 
solutions of methanol (Lyons, Scholes and Smith, 
unpublished resulta) and of pana A ae and 
Scholes, unpublished resulta), where it has been 
found that the corresponding enter into 
the back reactions. 


1. Hyrat oF Aceroms ON TER VOLDS oF HYDROGEN FROM 
BOLUTIONS IRIADLATED WITH OOBALT-OQ »-RAYB in saoo 


Table 
Teornor axon 











® Values for teeprepanol solutions taken from Fig. 1. The yields 
isopropanol- acetono eoliticon are intial yields 
tl ísspropanol-10 M acetone. 
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Ohemical reactions induced by ion- 


systems radicals, 
a ep Uae 


radiolysis of warer is conventionally 
repreeented as: 
H,O ~~» H, 0H, Hp H:O, (1) 


Radical farmatien is the result of 


won the excitation and ionization pro- : 


troversy, however, about the “ate of the electrons 
formed from the ionimmon . Lea and 
Gray*, Weiss‘ and Pletzmarm’ have oonsidered. 
that the ejected ebctron is captured by a water 
molecule at some d-stance from the parent positive 
ion and existe, possibly attachec to a water molecule, 
until interaction with the aqueous allows. 
formation of a hydrogen atom socording to the 


process : 
H, —H + OH- (2) 


Weiss* has discussed questions garding the stability 
of the positive and nagative ione from water, pointing 
out that they may have s lifetime long eno to 
enable them to undargo chemical reactions the 
solute present. Deserated sohttions of monochloro- 
acetic acid were found tn be eystems in which the 
resulta could best be an terms of reactions 
of the negative ion, H,C- (the electron in water or 
‘polaran’)*. 

ee ee a 
if we assume the praeencs oe ie ee 
saline solutions of ior o. of two forms of the 

afro ID). 


to reaction 
(1). Ey mlay chet Hs and H 
could be the two forms under thsee conditions of pH, 
we. must conclude that the species are H and 
the electron (polacon). Furthermore, they are 
both produced in the act of radiolysis, and the results 
indicate that, under these cond-tions, Gy = 0-6 and 
Gu,o- = 2-3. These hydrogen asoms could very well 
arise from excitatior processes af the types : 

H,)* +H + DH (3) 


The effecta of pH which, as described above, are 
essentially due to a back reactimm involving acetane 
could then be ascribed to the competition : 


H,O- +H,0-—+ 2H,0. +H - (4) 
H,O- + CH,.CO.Ca, + H,0 +7CH,.CO.OH,} (6) 


In the pH renge 3-6, addition of acetone depresses 
the yield of hydrogen by-mfiusneing the competition 
in favour of reactior (5), and for the same reason one 


ratio of the rate ocnstants of reactions (4) and (5) 
can be calculated as kjk = 2:3. ft should be 
pointed out that H+, which is formed in acid solu- 
tions", could still b» a reacting species at low pH. 


20 | 
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OH + OH- (7) 
x of polarons cannot 
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| with carbon dioxide, 

tated systems unleas 
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ed by the equation : 
~ + H,O (8) 

low pH, the only 
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chloroacetic acid solutions at pH 1-20° (ref. 9). We 
have confirmed that thers is a maxnnurmn m acetone 
solutions ; at pH 1-2 this occurs at a concentration 


‘of 10 molar. These are examples where tHe solute 


iteelf can react both with the hydrogen atom (or © 
H,* in acid solution) and with the polaron. At low 
concentrations of solute in acid media, reaction (4) 
18 predominant and dehydrogenation processes occur. 
As the concentration 1s creased, however, moreased ~~ 
soavenging is offset by reactions of the polaron, with ` 
the solute, for example, reactiona (5)|and (7). Hence, | 
the hydrogen yield goee through a maximum. 

In a study of the exchange reactions induced by~ 
radiation m D,-H,O, Gordon and Hart!? observed 
that above pH ~7 the yields of HD fell off very 
rapidly, and this was attributed to ionization of the 
OH radical. However, these particular results could - 


‘be accounted for by the decrease in the extent of 


reaction (4) in this pH region. Above pH ~ 8 these . 
authors noted a significant motease in the yields of 
hydrogen gas, an observation which would suggest 
that the life-time of the polaron can be sufficiently ` 
long to allow recombination to form molecular 
hydrogen. Such considerations, with the 
large ratio of (a; o) (Gq), would tend to support the 
6 polarons contribute towards the 
molecular idee ai ield. 

We thank Prof. he Weiss for valuable discuasiohs 
and for his encouragement of this work. 
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J OF SEDIMENT CORES FROM THE EASTERN 
, ATLANTIC OCEAN 


By M. J. KEEN 
Department of Geodesy and Geophysics, Cambridge 


The first core described, 3738, was be on the lower 
alopes of a group of abyssal hills on the western edge 
of the Iberian abyasal plain‘ (Station 3738, 41° 00N., 
15° 08’ W., corrected depth 5,267 m.). The sein) 
core, 8780, was taken at the bottom of a bank abo 

3 m. above the abyssal plain (Station 3780, 41° 26’ N.; 
14° 43’ W., corrected depth 5,333 m.). They were 
obtained with a piston corer, and were not oriented 
wita respect to the direction of the Harth’s ‘present 
magnetic field. The oore 3738 is about 4 m. long ; 
results on only the top 3 m. are presented-here. Core 
3780 is 6 m. long. 

Core 3788 consiste of brown clay and foraminiferal 
ooze, and of mixtures of these two types of sediment ; 
evidence of burrowing occurs at mtervala throughout 
the length of the core. A summary of the lithology 
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Fig. 2. Core 37881 values of D* and I” plotted against depth of 
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is given in Fig. 1, web: the péroañtago' of total är- 
bonates and the wester contem. The carbonate 
content is given as & percentage of the dry weight 
and the water content as a permentage of the wet 
weight. The samplee taken for zhe investigation of 
the remanent magnectizatior were m the form of 
cylinders 3-7 am. in length and ir diameter, and were 
taken immediately after the cors had been opened 
and before it had dried out significantly ; sampling 
was continuous downthe core. ali the samples were 
oriented in the same way relative to the core az a 
whole ; the direction of the length of the core can 
be expected to be the vertical: The direction and 
intensity of the remanent magnetization of each sample 
was measured on ar astatic magnetometer similar 
to that described by Collinson e al.*. The suscepti- ` 
bility was measured with an a.o. bridge by comparing 
the samples with standards. 

The magnetic data are shown in Figs. 2, 3 and 4. 
Fig. 2 shows the variasion in the values of declination, 
D (azimuth), and the inclinatior, I (dip), down the 
core. The values of D are plotted with an arbitrary 
zero and the values ofT with the Cirection, of increased 
depth down the length of the core-as‘B0°. The present 
value of J in the aree. from whick the core was taken 
is about 58° (ref. 6). Fig. 3 shcws the variation in 
intensity of remanent magnetization, J, and the 
variation in magnetic susceptibility, xy, down the 
core: the values are given in m.u. 0.0.-! of wet 
sediment. Fig. 4 shows histogrema of the values of 
D and I of all the specimens measured. 

The minerals whick cause the magnetization have 
been investigated ony by thernco-magnetic analysis 


_ and two sets of experiments were carried out. In 
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Fig. 5. Coro 3780: histograms of the values of D* and I” for all 
the spectmens measured 


in the t of core deacribed above, and this can be 
seen in the histograms (Fig. 5). 

The cores have been stored horizontally ainoe 
collection before being measured and in some oases 
for as long as eighteen months ; there are no results 
which suggest instability over this length of time. 
Stability is also suggested by the correspondence 
between changes in inclination and compaction. 

The resulta that the magnetization of the 
sediments of the type found in core 3738 is due to the 
Earth’s magnetic field during deposition or soon after 
deposition while the oore is stil wet and is being 
reworked by burrowing animals. Studies are being 
made of longer cores and of cores taken within 200 m. 
of each other to see whether reversals of polarity of 
the sediments oocur and whether correlation can be 
found between adjacent cores. 

T should like to thank members of the Department 
of Geodesy and Geopbysics and the National Institute 
of Oceanography for their help and advice and the 
Royal-Dutch Shell Group for a scholarship. 
1M A. G., and Johnson, H. A., Terr. Magn. Atmos. Blac., 43, 

401 (1938). 


‘Johnson, Æ. A., Murphy, T., and Torreson, O. W., Terr. Magn. 
Atmos. Eled., 68, 340 (1044). 
* Reported in Geophys. J., 2, 168 (1059). 
t Heesen, B. O. . ML, and Hwing, KL, Bpeo. Pap. Geol, Boa 
bo Gok). aa 


Amer., 65, 
5 Collinson, D. W., Creer, Trip Baand Bancar S E PH 
**Ourves of Magnetie Dip” (ádmtralty, London, 1085). 


, K. E, 
Trans. Rey. Boc., A, 850, 7L 
iii E., and Pierre, J., Ann. Phys., Peru, X* Ber., 18, 38 
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- ASTROPHYSICS 


Gravitational Red Shift of Hydrogen 
2l-cm. Radiation as a Method to measure 
Galactic Gravitational Potential 


` Tera -21-0m. h emission from the neutral 


hydrogen atom has an exceedingly narrow natural 
ndng to a transttion probability of 


variations in ite Í 
tional effecta offer a method to measure gravitational 
potential in our Galaxy, ve eee re Dat 


tion, and from ita observed Doppler shifts the redial 


~. gpavitational frequency shift has the same sign. 
ee ee TE eee 
tional frequency shift, there is the temperature 
broadening of the 21-cm. line. For radiation emitted 
neer the centre of the galaxy (R S 1 kpo) which 


This 
shift resulting from a relative velocity v : 
Av 2? 
vo 


Yy 


Consequently, the apparent Doppler shift velocity 
equivalent to the gravitational frequency shift is 
given by: 
1 
v = Pa — Pa) 


"and is positive (shift to bluer frequency) or negative 
frequensy) accordingly as the photon 


whereas those coming from radii larger than 8-3 kpo 
are blue shifted. 
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er LETTERS TO THE EDITORS 


Now lot the potentials’ be taken aa |ẹı| = 2-9 x 
104 T at R, = 0 kpc and |pa]| == 0-82 x 10" E; at 
R, = 4-2 kpo, where vo have multiplied by a factor 
(Bohmidt, Martin, private comnumuocation) of 2 to 
account for a revised value df the total galactic mage. 
Then the equivalent v»locity is: 


le] -5 x 10-"[2-9 — 2:82] x 10:2 m 0-7 km./se0. 
seo. 


Tf the galactic mass or galactio diameter should be 
different from the presently accepted values (ref. 1 
and Schmidt, Martin, private unipetion) the 
equivalent velocity measured wo d differ from the 
value oo here. 

A determination, of the equivalent vo velocity for some 
region of the Galax measures the difference in 
gravitational potential between tke point of emission 
and the Earth, and so gives indepandent information 
on the mass of the Galaxy. However, the effect is 


shifte. In principle, 
the 
matter of the disk tc be distribated ically 


symmetric with respect to tha galactic centre, 
$39 s — 8, where 0 is the engle botween the 
direction of observation and’ the direction of the 


when 
by the integral of total amount af neutral hydrogen 
present-in that region is equal to the average gravita- 
tional shift in that region. Jf ths effect is too small 
to measure one may Nevertheleas be able to determine 
an upper limit for the galactic mes. 

There are, of course, various >ther effects which 
can distort the above simple-approach and which may 
have to be taken into account sush as the motion of 
the Sun, and possible errors m the determination of 
the Galactic centre 

Tho fist might be treated in the following way. 
Assume the distribution of mass s symmetrical with 
respect to the lme between Earth and galactic centre. 
Let the integral I over the given sngular interval 29, 
symmetrical with respect to the galactic centre, be 
plotted versus 8 for various heights of obpervation 
above, in and below zhe gelactic plane, both im the 
direction of the galactic centre and in the opposite 
direction. In principe, these'se-a of date are suff- 
cient to allow determination of the velocity of the 
solar system in the gelactio plane with respect to the 

, because resulting near effects change 
for the two sete cf data. - 


ee te ee 
dentified, its effect may be minimized as follows. 
Gres Wa) for various assumed positions of the 


red shift, and the error caused Sy wrong choice of 


lines are fo 
the following F 

(1) Only th 
while no affect! 
Were the affect. 
pendent of the: 
it would have E 
doublet. i 
(3) For one c 
spectrum was: 
effect oan be f 
doublet of Ca! 
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zingari inter 
II lne, re 
(rable 1). 
Apart from t 
one more line t 
might be found. 
namely, that c 
The emission in. 
consequently tI 
in this case. | 
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predic Fields in 
c Flares 


xmospheric flares taken 
at Ondřejov! show an 
emission line of Na I 
gnetic field existing in 
ere where the sodrum 
mation is supported by 


t into two companenta, 
for the D, line (Fig. 1). 
er physical reason inde- 
such as self-absorption, 
both lmes of the sodium 


» ultra-violet part of the 
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effect of this type has been found for flares outeide 
the spote. 

The flares considered are: the first one on March 
29, 1059, 7h. 46m.—9h. 30m., maximum phase at 


Th. 48m., im 2, position 17 N., 86 E., maxi- 
mum Ha line width 4:0 A., maximum H, central 
intensity ~ 125 per cent of the continuum". Ita 
part was projected on a spot, the maxnmum magnetio 
Intensity of which was ascertained to 2,500 gauss an 
March 80, and 2,400 gauss on March 81 (ref. 3). No 
magnetio measurement was at our disposal on the 
day of the flare ce. The second flare was 
observed on August 18, 1959, 10h. 18m.—12h. 85m., 
maximum phase between 10h. 85m. and 10b. 31m., 
Importance 3, poaition 12 N., 33 W., maximum Ha 
line-width > 5-6 A Measured maximum magnetio 
intensity of the spot associated was ascertained 
to 2,500 gauss on the day of the flare appearance 
and 3,100 gauss on August 19 (ref. 3). Spectra ef 
both the flares were photographed by Mias Rizékova. 

Fig. 1 presents profiles of the sodium D, and D, 
lines in the spectrum of the flare of August 18, traced 
by a Khol recording microphotometer. The linear 
dispersion was 1 A.fmm. and the resolving power 
10%. In the ultra-violet region the dispersion was 
0-67 A.jmm. 

The splitting was measured by two methods: 
from the tracings recorded, and visually from a 
projection of the negatives enlarged twenty times. 
The resultmg values are grven in the third column 
of Table 1. The splittmg of the Ca I lme was too 
amall to be distmguished by a microphotometer 
tracmg. 

Due to the fact that the s and x componente are not 
separated, the determination of the magnetic intensity 
is rather uncertam. As both the flares appeared not 
far from the centre of the solar disk and di over 
sunspots, the path of the radiation can be assumed 
as parallel with the magnetic lines of farce. In such 
& case wo may consider the o components only, and 
we obtain the values of intensity grven in the fourth 
column of Table 1. As, however, metallic emission 
lines of flares seem to be formed rather high m the 
chromosphere‘, we cannot be sure about the course 
of lines of force in the emrtting area and weaker r 
components can also be present. Therefore, we add 
as the upper limit the case of g = 1 in the last column 
of Table 1. 

Although the precision of our measurements, made 
without any polarization equipment, is not very high, 
cone oan be sure that durmg these flares strong mag- 
netic flelds—approximately of the same order as in 
the photospheric part of the sunspote—existed rather 
high m the chromosphere. This supports farmer 
conclusions’ that the gradient of the magnetic mten- 
sity above sunspots is extremely low. As always, 
the most intensrve regions of flares were photographed 
by the Ondřejov spectrograph ; our result also shows 
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that even very! bright parts of chromospheric flares 
can exist directly in those parte of the solar atmo- 
sphere where very strong magnetic flelds are present. 
M. BLAHA 
= M. KorsorÝ 
Z. 
Astronomical Institute, 
Cxechoslovak Academy of Sciences, 
. Ondfejov. 


“April 19. 
1 Valniek, B., V., Blaha, Bvestka, Z., and Seidl, Z., 
Bull, Astro. Inat. , 10, 149 (1058). 


"f Gorpliationa af Solar—Geophystoal Daia, Boulder” (March and 
* “Solar Data, Mosow-Leningrad” (March and August 1950). 
“Bvesthka, £., Dull. Asiro. Ins, Ooh, (in tho press). 

‘Seveeny, A. B., and Bumba, V., The Obeersatory, 78, 33 (1063). 


GEOPHYSICS 


Stress-Dependent Magnetization in Some 
Quartz-Dolerites 

Wanay non-axially magnetized cylindrical specimens 
of a quartz-dolerite have been axially compressed 
in an axial magnetio field of the order of the Karth’s, 
their natural remanent magnetism vectors have 
changed towards the ambient fleld direction. 

The empirical functions : 


° K = 
and : 


Ir = an0 9 + 
fit the meesured where P, is the pressure 
applied to produce a vector making an angle pọ with 
the fleld and compression direction, K is a parameter 
dependent upon the magnetic minerals and the 
ambient fleld-strength, and I, and Ir are the axial 
and transverse components of the natural remanent 


intensity. 
An example for specimen number 18H is given in 
Table 1. 


Py 9—e Tan0—9 Ia Ir Field 
(kgm./om.*) ©) (arbitrary units) oersteds 

00 —50 —1 68 —17 0 100 1:8 
1872 —49 —1-15 13-8 12-0 1:8 
254 2 —31 —0 -01 — 61 100 18 
381-6 —14 —0-25 — 20 1L% 1-8 
606 8 +21 +0:38 + 42 10:8 1-8 
686-0 +55 +1-43 +130 a0 1-8 


Putting tan 80 — 9 = y, Pẹ = wand K = 1b, then 
the least squares solution for the straight lne y = 
ba -+ c leads to: 3 

R= M7 418 
eimilarly : 
Ip = 10-5 410 


.The error in K is equivalent to an error of 4°—5° 
in 9, about twice the repeatability of a measurement, 
a-diterense attributed to magnetic inhomogeneities 
accentuated by the streas treatment. Results 
for several specimens from the same dyke locality 
in fields up to 2-4 oersteds and up to 636 


Stereograma of natural remanent magnetism vectors 
for a number of cores from specimens 15 and 18 
(Fig. 1) are examples of an unstable and a stable type 
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Table 2 
Specimen. Core - Field ‘K 
15 H 06 295 + 20 
` 15 ce] 14 es 3 
1s g 18 55 4 5 
15 a 24 as 6 
18 H 06 590 + 90 
18 H 12 270 +10 
18 - H 1:8 217 + 13 
18 B 12 500 + 25 
18 -B 24 344 +11 
20 I 0-4 575 + 80 
pas B 1:8 147 + 15 


ively. Their K-parameters are a measure of 
their stabilities under oonditions of geological 
significance. Specimen 18 has retained its magnetiza- 
tion in the original Permian thermal remanent 
magnetism direction!. The present field makes angles, 
measured almost in the meridian, of 90° and 115° with 
the natural remanent ism of specimen, 18H 
and the Permian fleld respectivel7. This indicates 
the maximum geological compression (P,e) on the 
core in the present field direction since : 


Piss — Poe = 0 tan (80-115) 
80 
P,, = 300 kgm. om.?, where Pirs = 0 


N 





No 15 


No 18 
Fig. 1 


An experiment on cone specimen shows that the 
Kepnx is three or four times greatsr than ite Krypnw 
in the Earth’s field. This suggeme that the stress 
dependence is due to urmixing of higher temperature 
magnetic phases'. One specimen showed a decrease 
of Kypwy after repeated stress treatment. It ia hoped 
to continue these measurements over a wider range of 
field and streas and rock types ard to examine the 
magnetic minerals optDally. 


Department of Geology: 
University of Glasgaw. 


June 1. 


D. W. POWELL 


* Graham, J. W., A. F, and TB, Ni 
mam ay o eston, _Babey, E., Nature, 183, 


Atmospherics on 20 kč/s. at the Time of 
Aurore 


A OONTINUOUB registration of atmospherica on 
20 ko./s. has been in setion, during the night hours, 
at our Geophysical Oveervatory since July 1959, 
with some interrupticna during December 1959- 
February 20, 1960. 

Every time (30 cases ta date) that a strong aurora 
was sean, the 20-ko./a. registration showed distinct 
intermittent and violsnt bursts, some of which 
saturated the receiver and sent the recording pen 
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antiferromagnetic order give rise to a ferromagnetic 
moment. An explanation of this type has been pui 
forward for the weak ferromagnetism of a Fe,0 
(ref. 8). More direct evidence of anti 

is bemg sought by neutron diffraction. The electrica 
resistance of the pseudo-palladium alloy shows nı 
marked anomaly in the-tem range concerned. 
but a negative magneto-resistanoe is found in lo% 
fields at 4-2° K. 

The oo-existence of fi i 

ferromagnetism might lead one to expect exchang: 

effects like those in the Co—OoO systen 
(ref. 4), or in the perhape more analogous disorder 
Ni,Mn alloy (ref. 5), but we have not found the 
pee oy aes rere ee 
in a magnetic field. 

In an alloy containing 5 per cent each of rhodiun 
and silver, the dependence of the susceptibility a 
the fleld appears at lower temperatures, but is wel 
established at 4-2° K.; although the susceptibility 
of a binary alloy of palladium with 5 per cent rhodium 
which has a very enhanoed susceptibility at 20° K 


o, OW (gm) 
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(ref. 6), has been found by us to show only an 
extremely small dependence upon fleld at helium 
This would suggest that rhodium 
i maximum of 


alloy also shows no anomalous behaviour at 4:2°. 
This investigation “is being extended to related 

alloys, and a fuller account will be published elsewhere. 

We thank the Mond Nickel Oo. (Precious Metals 

Division) for the provision of the alloys, the Royal 

Society and the Atomio Energy Research Establish- 

ment, Harwell, for fmancial support, and Mr. R. V. 

Bellan for assistance with the electrical measurements. 
B. R. Cores 
D. Gaoryrras 

Department of Physica, 
Imperial College, London, 8.W.7. 
Hoare r. By ena Marthom, J. Os Pros: Bog.. Seay A, BLS, 137 


* Tidiard, A. B., Proc, Roy. Soc., A, 294, 161 (1054). 
* Néel, L, “Ady. in Phys”, 4, 302 (1056). 
* Meiklejohn, W. H., and Bean, 0. P., Phys. Rsv., 108, 1413 (1956). 


*Kouvel, J. B., and Graham, 0. D., , J. Phys. Ohem. Solids, 11, 
220 (1050). 1e: aan 


* Hoare, F. H., and Preston, J., Mature, 190, SH (1967). 


Direct Observation of Surface 

Contamination formed in Demountable 

° Vacuum Systems 

Ta visible contamination of specimens examined 
in the electron microscope is the result of a reaction 
between the electron beam and matter adsorbed on 
the rradiated surface. This adsorbed material is 
known to consist of hydrocarbon molecules’, though 
it may also contain some water molecules; it existe 
on surfaces in all demountable vacuum systems. The 
layer is troublesome in many experiments and pro- 
cesses involving such systems, but evidence of ita 
presence is only indirect and little is known about ite 
thickness or composition. Iš is particularly noticeable 
in high-resolution shadow-casting for the electron 
microscope (unpublished work), since it limits the 
resolution by causing a fine und structure. 
In the course of an investigation of this structure, a 
method was found for studying the adsorbed layer 
directly, and also for estimating ite thickness. It 
was found that the layer was visible in the electron 
microscope when viewed end-on and. sandwiched 
between two carbon films (see Fig. 1). The procedure 
is carried out as follows. 


` 


oe ee ae 
Pe ell 
Cerbon i 
fon Vbis portion 


of hydrocarbon kryer 


Yig. 1. showing the manner in which a contaminant 
layer, from a vacuum system, can be viewed directly 
in the electron microscope 
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Fig. 2. A contaminant lazer deposited fom a vacuum 
eletron ‘ 


system 
viewed end-on in the + cach white lme 
represents a different layer (see tex. (x 400,000) 


A carbon film about 300 A. thick is deposited on a 
glass slide and floated on to a water surface. A 
second carbon film abars 100 A. tLick is deposited on 
a freahly cleaved mice surfeve. 1 drop of water is 
placed on the coated mioa, and a few small pieces 
of the floating carbon film trans’erred to the drop 
with @ very fine glass rod. Tle excess water is 
removed with filter paper and th thick carbon film 
allowed to dry on to she thinner The second film 
provides vertical steps <A further carbon film is now 
evaporated i ons of the staps at an angle of 
284° to the horizontal esshown in Fig. 1, the direction 
of deposition bemg perpendicular to the lme of the 
step. The combined filma arefloat-d on to water, and 
the partion conteiming the step mounted on a grid. 
The step edge is located in the exotron microscope, 
and a thin line transparent to electrons and separating 
the final carbon deposit from th> step face can be 
clearly seen. If the orientation >f the specimen is 
such that the directior of the incrlent electron beam 
is not parallel to the step face, themthe line disappears, 
aa might be expected. 

A smmple experimen: shows thet the thickness of 
this line depends upon the time For which the step 
face is exposed to the atmosphe-e in the pumping 
plant. This is carried out by depositing several 


micrograph, such as that shown it Fig. 2. 
material in the line marked A was-leposited while the 
plant was pumped down from atnospheric pressure 
and then evacuated with the CGffusion pump for 
30min. The line B, ony just-visib o, was formed in an 
interval of 1 seo. betwaen two de>ositions of carbon, 
the line O was formed in 20 mm. and D in 10 min ` 
During these intervals, the syst-m (pumped by a 
‘Metrovac’ 03B diffusion pump, with no oold trap, 
using ‘Apiezon B’ oil was at a pressure of about 
104 mm. mercury. It can be seen from the electron 
micrograph that the vidth of the line depends on 
the time of exposure tc the atmosrhere in fhe system. 
This indicates that ths line transparent to electrons 
represents an end-on view of æ layer of material 
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prying out the compara- 
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Rare Modes In the Spontaneous Fission 
of Callfornlum-252 
CALIFORNIUM-252, & man-made trans-uranic 
element, having an a-particle half-life of 2-2 yr., 
undergoes spontaneous fission. Approximately one 
fission occurs per 38 a-particles, and the material 


‘is therefore well suited to an investigation of the 


possibility of rare modes of spontaneous fission. 
In slow-neutron flasion!,", fast-neutron fission’ and 
on‘,§, two rare fission modes have been 
established. In one the emitted particle is long-rangd 
and, uniquely an a-particle ; in the other, short-range 
particles, epparently light elemente, appear to be 
emitted in process. There is also, in slow-neutron 
fision, some evidence for fission into three particles 
oe ee ee eee but 
this 18 not 

Obeervation of the par PERES fission of uranium- 
235 was claimed.in 1946 by a French group’, but 
later work in this laboratory’ showed that, if it 
occurred, the frequency was much less than that 
estimated from the French investigatian. 

In the present experiment, where minute traces of 
californium-252 were incorporated into Ilford K, 
and H, emulsions, the conditions of observation were 
more favourable than in any of the earlier nuclear 
emulsion studies. Since the plates required no 
irradiation, they contamed only the californium-352 
fission and a-tracks plus the usual slight background 
from imevitable radioactive inclusions. Random 
association of tracks yielding ‘spurious’ events wha 
therefore greatly reduced and could be virtually 
eliminated by measurement of a range of distributions 
of tracks in the emulsion. 

In a study of 50,000 binary events in these emulsions 
the folowing types of event have been recorded : 

(1) 179 cases have been observed of ternary fission 
into two heavy fragments and a long-range a-particle ; 
the frequency is 1 per 280 (+ 25) Sa aree inek 
fissions. The mode appears to be significantly more 
frequent than in the case of alow-neutron fission of 
uranium-385, uranium-283 or plutonium-289 (ref. 8). 
An example is shown in Fig. 1 
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(2) Eight good examples and four additional 
possible oases of fission into four heavy fragments 
(Fig. 2) have been observed. Apart from quaternary 
fission, the only other possible explanation for these 
events is that they arise from recoils projected in 
the emulmon by the pair of fission fragmenta within 
iu of the origm. Two experimental resulta oppose 
such an explanation. Altho events of this general 
type do occur (as is indicated by Fig. 3 but where the 
lp spacing between the forks clearly eliminates the 
event as quaternary), their observed frequency is 
~ too low to explain the four-particle events. Moreover, 
uf scattering accounted for such eventa, then in the 
earlier study of 600,000 uranium-235 binary flasians’, 
some 100 such events abould have been observed ; 
in fact only 2 were recorded. We therefore believe 
the events to be true spontaneous quaternary 
fission, the frequency being roughly 1 per 5,000 binary 
fissione. 

(3) Three events of the type Fig. 4 (and see enlarge- 
ment of origin, Fig. 5) have been observed. Again 
these might be explained as an event of type 1 with 
a recoil occurring near the origin, and such spurious 
cases do oocur as indicated in Fig. 6. However, 
during our earlier work where more than 10° binary 
fiions were examined, only one other example of 
such an event was observed. These events may, 
therefore, represent a mode of spontaneous quater- 

fasion invo emission of a long-range 
a-particle and a short-range light nucleus in addition 
to the two fission fragmenta. 
° (4) As in previous experiments, a considerable 
number of events are observed which could be inter- 
preted as ternary fission, the third fragment being a 
short-range light nucleus. The frequency of oocur- 
renoe of such tracks at the origin appears to be 
greater than would be from Rutherford 
scattering. In addition to these events, which occur 
at a rate of 1 per 80 (+ 20) binary fissions, others 
have been observed which oould be ternary fission 
into three roughly equal parte. Analysis of the type 
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employed by Catala a alt Slaten Hind ERRE 
these arise through fission. fragmentas colliding with 
slvér or bromine nucei-in the emulsion. However, 
it does not exclude all and it could be that this mode 
of fission exista in celifornimm-353. 

The i are contiming, and will be 
reported in detail later.’ We wish to thank Prof. 
E. M. McMillan and Dr. 8. G. n, of the 
University of Califomnia, who provided the cali- 
forniam for these experiments. ` 

3. W. TITTEBTON’ 
T. A. BRINKLEY 
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The Second Virial Coefficient of Methane 
at Low Temperature 


Tuna second virial soefficient cf methane has been 
a E a a a 

B means of an sgparstns which is described 
elsewhere. 

The principle of the expatimentsa consists in 
measuring the difference in the expansion of volume 
of the gas under study and a reference gas. In our 
experiments we chose hydrogen as reference sub- 
stance. The working preesure is less than one 

atrcosphsre ; this allows us to 


Bae a ee Siggy E aS neg ect coeffidunta of higher order 
: c Po than the seccnd in the expan- 

| e ` ` A sior of the compressibility factor 

; ; pV mRT, where p is preesuro V, 

\—- lah ae os eS, is volume, Ras the gas constant, 


(4) Possible fasion into two heavy 


t nusleas 
(6) Emlargement of origin af (4) 


(® Txampies of a ternary erent of with 2 recall track close to origin, easily 
g aena e AE 
(7) Onse of possible ternary fission into three roughly equal fragments 





& long-range light particle and a short- 


Methane was obtained by dis- 
tillstion ab low ture of 
commercial ‘pure grade’ gas. The 
meding of the solidified sample 
we used took place over a range 
‘of leas than 1 x 10° °K. The 
vacour pressw= at the triple point 
wat 87-58 ma. The 
valae of 87-6) + 0-10 mm. mer- 
cury was found at the National 
Bureau of Standards of Washi 
by Armstrong, Brickwedde and 
Soctt® with a carefully purified 
sample. The parity estimated from 
the rangs of frsezing point was bet- 
ter than 99'E per cent (ref. 3). 
Ths hydrogen used was ‘research 
gede’ gas oF 99-99 per cent 


purity. 

Walues obtamed for methane are 
listad in Table 1. In Fig. 1 these 
vahies ers ren-oduced for comperi- 
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be the factor controlling strength. Although several 
aspects of the mode of failure of concrete could. be 
explained by this concept, it was soon olear that a 
number of others which should also have been 
explained were, in fact, anomalous. The form of the 
departures from expected behaviour suggested that 
cement-aggregate bond-strength might depend on 
aggregate size, and the following experiments were 
therefore performed to check this possibility. 

Cubes of water-saturated basalt-aggregate, with 
edge-lengths ranging from 0-5 to 3-0 in., were bonded 

a paste of ordinary commercial Portland cement, 
cured for 24 hr. in the moulds at 70° F., and after- 
wards stored under water at 70° F. for six days. 
Cement paste, with a water/oament ratio of 0-35 by 
weight, was bonded to the aggregate cube face to be 
tested, while the opposite face, previously grooved 
with a diamond saw, was bonded to paste with a 
water/oament ratio of 0-31. These conditions 
ensured preferential failure at the interface between 
sgurogate and the 0-35 water/cement ratio 

en the composite beam was subjected to mid-point 
loading as shown in Fig. 1. The beam was immersed 
in water during testing?, and the number of replica- 
tions ranged from 20 for the }-in. cubes, down to 10 
for the 8-m. cubes. The mean coefficient of variation 
was 15 per cent. 

The results (Fig. 2) show that with the square 
aggregate surfaces used here, bond-strength decreases 
with moreasing size of aggregate, and that there is a 
linear relationship between cement-aggregate boq, 
strength and the logarithm of the reciprocal of the 
area, bonded. 

Although coarse te and mortar are fro- 
quently considered to be the two phases of which 
concrete is composed it has also been argued that if 
the bond between cement paste and coarse aggregate 
is likely to fail, then the bond to fine aggregate would 
also fail, and that the two phases to be considered 
are cament peste and all aggregate, regardless of size. 
These alternative hypotheses have been debated in 
discussions*.* on, the mode of failure of concrete and, 
in this connexion, it might be thought that extra- 
results back to the point 

equals paste-strength (im the 
present case 2,000 Ib./in.") would decide between 
these two pointe of view. Such an extrapolation 
leads to the conclusion that bond failure ceases to be 
the most likely cause of tensile failure of concrete 
when the aggregate size falls below 14 B.S.8. meseh. 
However, the resulta of additional experiments 
suggest that the rate at which bond-strength increases 
with decreasing te size is not maintained 
below jin. aggregate, although experimental diffi- 
culties m this region have so far prevented an accurate 
assesament of the situation. 
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T<iay cament-aggregate bond-strength (1b./in.3) 


0:5 10 146 
— log [(square inches bonded) x 10-*] 
Fig. 2 


Thus, instead of favouring the view that the 
tyansition gize between coarse and fine aggregate has 


likely to fail at the surface of either coarse or fine 
results indicate that there are 


between the paste matrix and the largest aggregate 
pebbles present. With this hypothesis as a basis, 
explanations oan be advanced for a number of 
experimental observations concerning the strength of 
concrete, for example : 

Se iia The flexural strength of concrete is leas than 
the flexural strength of the corresponding mortar‘. 
This result would be expected because, in the tran- 
sition from conerete to mortar, the weakest bonds 
have been eliminated by exclusion of the largest 

pebbles. 

2) In an investigation’ on the strengths of 


s : 
fact obtained with concrete containing 24 in. maxi- 
mum size aggregate. These effects are 


aggregate -strength on 

arpia this behaviour aa follows Taking an extreme 
case, such as that of specimens used for flexural 
strength tests on mixes containing the largest pebbles, 
it is apparent, first, that these large pebbles, which 
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develop the weakest com te bond, will be 
relatively few in number, and seocndly, that whether 
or not & cemen interface on one of the 
large pebbles is suitaEly orientated and in that part 
of the beam which ñ in maxirum tension, could 
have an appreciable affect on tne strength of the 
specimen, and could be the cause of the poor repro- 
parsicular teste. 


aituation applies in the oase of the restraint which 
different sizes of aggrogate exert on Portland cement 
paste during drying mri À. 

For a number of r»asors it is considered that the 
bond-strength size efect in comete will probably 
not be as marked as that shown by isolated oement- 
aggregate interfaces such os thoes studied here. For 
example, near the region wher maximum tensile 
stress exists in a bear. tested in flexure the orientation 
of the largest aggregate surfaces may be such that 
these comparatively weak areas of cement-aggregate 
bond are subjected cnly to low tensile strees. Also, 
the largest pebbles ave not embedded in 
neat cement paste, but in a metrix the dimensional 
changes of which ere likely tc be reduced by the 

stabilizing influence >f the smaller pebbles and sand 
grains which it conteins. 


E. M. ALEXANDER 
J. WARDLAW 
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A Historical Note on the Reciprocal 
Theorem and Theory of Statically 
Indeterminate Frameworks 


Clenirons etm. to vary senceming the origin of the 
reciprocal theorenc. 
matioal 


(It nuovo Cimento, var. 2, 1872). but stated that it is a 

oase of a more theorem due to Lord 

Rayleigh (London Math. Soc. Proo., 4, 1873). 

book ‘Theory of 3ound” (Vc. 1,-2nd edit. 1894), 

however, Rayleigh also ackno-vledged the reciprocal 

theorem as due to Setti. Neither Love nor Rayleigh 
i theorem 


of a form of the 
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exposed amularon at low magnification. 
slip lines on the crystal surface. (x 140) 


Fig. 1. The appearance of 
Limes oozrespond to 


case of metals the electrons are emitted from crystal 
unperfections in the freshly formed or distorted oxide 
layer. 

So far, only the macroscopic or integrated aspects 
of both the Russell effect and exo-electrons have been. 
studied. We have observed, by the use of an auto- 
radiographio strippmg emulsion of high resolution, 
certain microscopic features of the Russell effect 
which may be useful in revealing the origin of bot? 
phenomena. The ımproved image resolution obtained 
by thia technique was made possible by placing the 
emulsion in intimate contact with the metal surface. 

High-purrty zine single crystal rods were electro- 
polished, thoroughly cleaned, statically strained and 
the emulsion (Kodak 4AR10 stripping emulsion) then 
applied to the surface. Exposure times of l hr. were 
generally found adequate, provided the exposure was 
commenced within a few minutes of straining. On 
examination of the emulsion with an optical micro- 
scope, black lmes were observed which corresponded. 
exactly to alip-lmes on the crystal surface. An 
example is shown in Fig. 1. Smoe the slip displace- 
ment varied around the ciroumferenoce of the orystal, 
it was possible to deduce that the continuous black 
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2. Pattern obtained from slip Lunes of small igo 71 tama 
a Maximum useful magnið ton of emulsion, (x 
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lines were associated with relatively large slip dis- 
placement. With decreasing elip displacement the 
lines first became discontinuous and then resolvable 
into rows of individual epote (Fig. 3). This latter 
configuration resembles the dislocation etch pits 
observed by one of us* along the slip lines of xino 
single orystals. 

The foregoing ovidence ahows that the Russell 
effoct, and probebly exo-cleciron emission, in plastic- 
alty deformed metals originate from slip bands on 
the surface. The similarity between the patterns 
observed here and dislocation etch pits configurations 
further suggests that the centres of emission are the 
points where dislocations tarminate at the surface of 
the crystal.. It is possible that at such pointa the 
oxide film is highly distorted by the emergence of the 
dislocation, thus producing the imperfections neces- 
sary for exo-electron emission. This hypothesis is 
farther supported by recent work reported by 
Young’, who has shown that oxide nuclei are formed 
at dislocations. 

The hypothesis is in agreemont with previous 
observations that both the rate of exo-clectron 
emission and the intensity of the Russell effect increase 
with increasing deformation". It would be interesting 
to make a comparison of the rate of emission from 
two orystals of widely differing dislocation conocen- 
trations. 


A. H. MALIKA 
W. BARR 
è British Iron and 
Steel Research Association, 
140 Battersea Park Road, 
London, 8.W.11. 
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Correlation of the Alternating Stresses 
required to initiate and propagate a 
Fatigue Crack in Mild Steal 


ExrrrmantTat resulta obtained from mild steel 
plates containing small edge cracks subjected to 
reversed direct stress loading (that is, zero mean 
load) have suggested that whether or not a crack 
grows is governed by the parameter ol (o = nominal 
alternating stress, tons/eq. in., l = length of edge 
crack, inches). If the value of of is greater than 
5-5, a crack will grow ; if leas, it will remain dormant. 
It has been shown?“ that with oertain notched 
specimens, non-propagating cracks may be present 
at the root of the notch of those tested at streapes 
equal to ‘and below the conventional notched fatigue 
limit (that is, for specimens either remaining unbroken, 
or being completely broken). When the 
of the specimens is such that non-propagating cracks 
are present, the conventional notched fatigue limit 
1s independent of the radius of the notch root and is 
equal to the alternating streas required to propagate 
the crack. This depends on the depth of the notch, 
for it has been shown! that the relationship of = 5-5 
is applicable if } is taken as the depth of notch plus 
the length of non-propagating crack formed. 
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It is generally acceoted that ar zero mean load the 
fatigue strength of a notched specimen is greater than 
that given by the plain fatigue mit of the materiel 
divided by the geonptric elastic: stress concentration 
factor for the notch. Many attempts, usually related 
to the existence of she stress gradient at the root 
of the notch, have >een made to acoount for this 
discrepancy ; howevsr, ignorance of the possibility 
of non-propagating ccacks has led to much confusion. 
Isibesi and Uryut, however, diTerentiated between 
crack initiation and propagation; they, found that 
for mild steel notchec specimens, cracks formed at the 
root of the notch when the distribution of streas was 
such that over a distance of 0-0(@ in. in from the root 
of the notch the stresses were equal to-or greater than 
the plain fatigue limi. 

For zero mean loed the material at the root of a 
notch is subjected to similar stress distributions on 
the tension and on halves of the loading 
cycle; the material ahead of a crack, however, is 
subjected to streas concentration effects only on the 
tension half of the crcle. Thus when considering the 
intrinsic fatigue strength of the material ahead of a 
crack, the zero to tension velue is appropriate. For 
the mild steel under zonsidsratian, this value is about 
0-22 tons/sq. in. The yield stress of the material is 
about 19 tons/sq. ix, and thus measurement of the 
ee ee E E 
will give an approximate estimate of the length of 
material subjected to streases ter than the plain 
fatigue limit. Frost and made such measure- 
ments on annealed (firnace-coold from 800° C.) mild 
steel sheet specimens and found for the initial period 
of growth that the langth of the plastio zone (lp) was 
directly ional to the cucrent length of crack 
(l), that is, lp = Ol; lp and l were measured from the 
centre lme of the specimen. L have shown! that O 
could be empirically related to the nominal stresses 
by the equation : 

C = 1 + 0-0013s* 


where o was the marimun tensile stre in the loading 
cycle. For the mid steel plaze specimens used to 
determine the o% == 5-5 relationship, it appears 
reasonable to aasumo a similar type of relationship, 
namely : 

J =] 4+ K 


Estimates have boen made of the length of the 
plastio zone developed ahead of a fatigue crack by 
applying a static tensile load to cracked fatigue 
specimens ; high nominal stresses were imposed, so 
that measureable plastic xones resulted. An example is 
shown on Fig. 1. Taking measurements from the 
outside edge of the alate, that 3, meoluding the depth 
of the notch, lp = 0-50 in. and } = 0:28 in.; thus 
O = 1-8. The nominal streas applied was 18 tons/ 
sq. in, giving K = 0-00086. Tf ìà is the length of 
plastic zone measut~d from the tip of the creck, then : 


A= Ly — 1 = 0-C0036c% 


and substituting of = 5-5. will give the value of 4 
which must be subjected to stressod to or 
greater than the phin fatigue limrt before the crack 
wil grow; hence à = 5-5 x 0:00086 = 0-002 in. 
This agrees with the value obtained by Isibasi and 
Uryu‘ from notched specmmene. . 

Fatigue cracks in plain spesimens are known to 
start on the surface, and metallographic examination 
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at 20° 0. 1 om). Oonoentra Hons 
26,0; b,0 206X; 46,0 411N; d 10N; 6,144; 
LIN; 9, 8007; h, 4-11 N 


hydroxide is due mainly to picrate anion. The 
absorbency of the 360-mp band of pioric acid slightly 
increases at low concentrations of sodium hydroxide 
up to 0-411 N and than decreases at concentrations 
of sodium hydroxide higher than 0-411 N. The 
increase in the absorbency at 360 my can be inter- 
preted es being due to nearly complete dissociation 
of picrio acid, caused by sodium hydroxide. On the 
other hand, absorbancy at abour 390 mu inareases 
with the moreesing concentration of sodium hydrox- 
ide. Tho absorption curves of the solutions at the 
higher concentrations of sodium hydroxide over 
2-08 N, ahowing the sharp and intense bands at 
about 890 mu, are greatly different from those of the 
solutions with the low concentrations of sodium 
hydroxide. Accordingly, the intense 300-mp band, 
the absorbansy of which decreases slowly when the 
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solution is stood at room temperature for long days, 
cannot be ascribed to picrate anion. 

When 1,3,5-triitrobenzene and its derivatives im 
water are treated with sodium hydroxide, red solu- 
tions are immediately formed.” These red colours 
have been ascribed to complexes such as [trinitro- 
benzene OHF (refs. 1 and 2). It has boen reported 
by. Kimura’ that picric acid in a mixture of acetone 
and ethanol gives an-intense 410-mp band and a weak 
485 my one when a drop of sodium hydroxide solution 

is added, owing to formation of [picric acid.CH,- 
COCE- The intense 390 mp band of pioric acid in 
aqueous coricentrated solution of sodium hydroxide 
may be expected.to be due to a complex of [picrate 
anin OH which '2eemes possibly to be the ion (I) of 
Meisenheimer’s typet. 


NO2 
(1) 
The ppoe ware Thassured -with a Hitacsl APU 


tometer. 
wish to thank Prof. Y. Nomure for helpful 
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Generation of Aerosols by Vapour- 
Phase Polymerization of Methyl Acrylate 


Taas particle made by us is tho outgrowth 
of work by Melville, in which he studied the photo- 
polymerization of methyl acrylate and methyl 
methacrylate vapour at low pressures in a closed 
chamber in which no other gas wes present. On 
irradiation with ultra-violet light in the 2500-A. 
region, a fairly dense cloud of particles is formed in 
the ohamber. The ultra-violet light activates the 
monomer snd small nuclei are formed, that is, e 
few molecules of polymer on which the remaming 
monomer gas can react. Onoe the reaction is initiated, 
it will continue -without further irradiation. 

We have found that this process can also be carried 
out in a flow system (Fig. 1) at atmospheric preasure 
Bso long as oxygen is excluded. Ordinary oyindi 
nitrogen gas was passed over freshly distilled mano- 
mer and mixed with a larger volume of nitrogen gas. 
It then entered a quartz tube of 8 cm. internal dia- 
meter where a beam of ultra-violet light was focused 
on it from a Hanovia type A, 500-W. high- 
mercury arc lamp. The gas owed past the ghè 
source ab 0:1-0:5 om.jseo. Visible aerosols that 
E eae ginal Slee 

fair degree of m . The 
methyl ak gave solid particles, while the methyl 
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Fig. 1.- Methyl aorylatepartio generator ar 


methacrylate produoel liquid particles. Neither 
materials seemed to be stabis in she electron micro- 
soope, but dark-field. miorsoopy showed uniform 
particles ranging from 0-1 to 2-0, dopending on tho 
concentration of vapoar and rate of flow. 

The most difficult problem wes the formation of 
polymer on the wal of fhe cuarts tube, which 
prevented the short-wave radiation from reaching the 
monomer vapours. Some work was done with a 

car-free gas sheath to keep fhe polymer off the 
However, due to the low rete of production of 
particles and the other problema mentioned above, 
the work was discontmued m favour of other devices 
for the production of homogeneous aerosols of sub- 
mioron dimensions. 

The work is presented here in the hope that it 
may stimulate others, who are not confronted by 
immediate practical needa, to follow up on this rather 
interesting variation >n aerpeol tors. 

We acknowledge the guidance of Dr. 8. Katz, 
who suggested this spproanh tc the problem. The 
work was supported by the Ar Farce Cambridge 
Research Center, Bedford, Massachusetts (Contract 
No. AF 19(604)-241-), as pert of a programme on 
clectrostatic size classification of-sub-micron aerosols. 


R. Pearson" 
G. Lancs 
Armour Research Foundation, s 
Chicago, Ilincis. 
* Present address: Mimis Institut of Technology, Chicago, 


ž A. W., Proe. Rey. Soc, A, 167, 90 (1988); A, 163, 511 
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Determinaticn of Nonanol Residues 
in Pozatoes 


A xIW method forthe destruccion of potato sprouts 
in the course of patato ssorage is ventilating with 
air containing nonsnol in. the amount of 0-1 mgm. 
per litre. By applying this British method in 
our country we were-very interested in the determinas- 
tion of nonanol in zhe ventilarion air aa well as in 
the after Deing treated in this way. The 
nonanol used is the branched isomer 8,5,5’-trimethy!- 
aaa produced by Imperiei Chemical Industries, 


For the determmation we us Feigl’s 
the sleoholic hydroxyl group using the reagent 
vanadium oxinate* quantitatively, as has also been 
discussed by others**. We are applying this reaction 
using solid vanadium oxinate es reagent in a toluenic 
solution of nonanol. 

The reagent vanadium oxmate is prepared by 
mixing s solution af 15 gm. 3-hydroxyquinoline in 
600 mL acetic acid (6 par cent) and a solution of 
2-8 gm. sodium nete-vanadste (NaVO,.4H,0) in 
€00 ml. water. After 1 hr. the precipitate is filtered 
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Formation of 6-AmIinopenicillanic Acid from 
Penicillin by Enzymatic Hydrolysis 


Wa have found that enrymatio activity which 
brings about reaction (1) is fairly widespread among 
micro-organisms : 


ieee k 
bi oi po — 


fe 
kot Sia amo q) 


Cammopenetanig acid 


Sakaguchi and Muraot, and later Mursot, origin- | 

ally reported this type of enryme activity to ooour in 

emalli chrysogenum with G as sub- 

ee Although we have been unable to confirm 

such activity in P. chrysogenum with penicillin Ges 

substrate, with certain other penicillms, including 
penicillin K, such activity can be demonstrated. 

Among the micro-organisms at least two distinct 
types of enzyme activity are encountered which bring 
about reaction (1). These differ primarily in the type 
of penicillins serving as substrate. One type is 
widely distributed among the actinomyvcetes and 
filamentous fungi and is also present in certain yeasts. 
With this type of enzyme, penicillin K and dihydro-F 
and also penicillin V are readily hydrolysed, but 
penicillin G is split only very slowly. Compared with 
penicillin V, penicillin G is only hydrolysed at about 
1 per cent of the rate. Studies on this enzyme 
produced by a strain of Streptomyces lavendulas show 
that the activity is almost entirely extracellular with 
a pH optimum in the region of 9-0 and a temperature 
optimum of about 60° C. The enzyme can be 
precipitated with ammonium sulphate and dried as 
an acetone powder with little loses of activity. Enxyme 
formation. ee ee ee by growing 
in the presence of the substrate. 

The other type of ectivity has only been detected 
among the bacteria and appears to be largely confined 
to the genera Hscherichta-and -Aloaligenss, but activity 
has also been detected in certain other genera. Wrth 
any given species there is a high degree of strain 
specificity with regard to enzyme formation. With 
this type of enxyme, penicillin G is hydrolysed very 
readily, whereas penicillin V is only split at about 
20 per cent of this rate. When G is used as 
substrate with cells of a strain of Macherichta colt 
which have been centrifuged and then resuspended at 
twice their original density, a concentration of 2 per 
cent penicilin @ can be converted to 6-amino- 
penicillanic acid to 95 per cent of completion in 4 hr. 
Studies with a strain of Æ coli show the pH optimum 
for this enzyme to be 7-5-8-5 with a temperature 
optimum of about 40°C. With the species of Hachert- 
chia the enzyme activity is usually associated with 


No. 4733 July 16, 1960 


the oells but with other bacteria considerable activity 
may occur extracellularly. As with the enzyme 
produced by the actmomyoetes and moulds there is 
no evidence of induced enzyme formation. 

In addition to the hydrolysis of peniillm to give 
6-aminopenicillanic ecid, this enzyme also facilitates 
the reaction in the opposite direction so as to bring 
about the synthesis of penicillin from 6-amino- 
penicillanic acid and a suitable side-chain. Using a 
strain of W. cok the optimum pH for penicillm G 
synthesis from 6-amimopenicillanic acid and phenyl- 
acetic acid is about 5-5, in contrast to an optimum 
of about 8-0 for hydrolysis. The synthetic reaction is 
also favoured, as might be expected, by increased 
concentration of 6-aminopenicillanic acid. Reaction 
in the direction of synthesis shows a similar specificity 
with regard to the type of penicillin as does the 
hydrolytic reaction. 

We acknowledge our appreciation of valuable 
discussions with Dr. J. Farquherson, director of 
research, and to the Board of Beecham Research 
Laboratories, Ltd., for permission to publish. 


G. N. ROLINBON M. Corm 

F. R. BATOHALOR G. C. Evsraon 
D. BorreewostH Manran V. HART 
J. Camenon-Woop M. RiocHaRnps 


E. B. Caan 
Beecham Research Laboratories, Ltd., 
Brockham Park, 
Betchworth, 
. Surrey. 
June 20. 
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Bacterial Penicillin Amidase 


Sakaguchi and Murao’ reported on the presence of 
an enzyme in the mycelium of Pentollhium ochryso- 
gonum and oryzae which would split 
penicillin @ (I) into phenylacetio acid (O) and 
‘penioin’ (I) : 


; wate ss 
Ge e 
(£) 


ORRE ediae 
(1) (a) 


Although they offered no rigorous proof of structure, 
they postulated that ‘peniom’ was the compound 
formed. In the nomenclature of Sheehan et al.', 
‘penicin’ is termed 6-amimopenicillanic acid. We 
have sttempted to reproduce the work, but have not 
been able to detect even smell amounts of (OT). 
Batchelor e al.” demonstrated the presence of (IIT) 
in penicillm fermentations which were cerried out 
in the abencoe of added side-chain precursor. (III) 
was detected by activation of the fermentation liquor 
with phenylacetyl chloride after removal of the natural 
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penicillins by solvent oxtraction at low pH. This 
resulted in the formation of (L, which could be 


. Measured by standard bacterial inhibition assays. 


We wish to report upon the formation of (íO) from 
(1) through the action £ a penicillin amidese prepared 
from cells of Alcaligenes faecalis. A prelimmary 
survey was first made of cultures m an attempt to 
demonstrate the presence of this amidase. Under 
the conditions used, sraces of (II) wore produced 
from () by cells of Aerobacter cloasas, Bacillus subtits 


ver. niger, Micrococors lysodetkiwus, and Mrycobac- 


terium phlei. Much greater amounts were detected 
when A. faecalis wee used, and further work was 
concentrated upon ths organism. 

The standard amulase assay used donid of 
growing the oells for 18 hr. at 37° O. on a rotary 
shaker, collecting cels by centr-fuging 20-0 ml. of 
broth, and adding 05 ml. of an 80 mgm. por ml. 
solution of the potass:um salt of IT) in 0-1 M pH 7-5 
poas an rie Sait Suffer plus caffoient of the same 
uffer to bring the valume to 2D ml. The reaction 
mixture was moubated in e 87° C. water-bath with 
intermittent for 4 hr. Fhe supernatant was 
then aseayed for ) by treatment with phenylacetyl 
chloride’ and bicasszying the (L formed by a plate 
diffusion assay. 

That (O1) was the product formed was proved by 
its isolation in orymallme form from a large-scale 
reaction mixture. (CI) was idertified by comparison 
with the authentic compound using ical and 
infra-red analypes. 

The specificity of the enzyme was tested by oom- 
parison of activity using penicilins G, K and V and 
a-phenoxyethyl pen_cillin as substrates. The pro- 
Gisstion oF (IID) wan greatest from. (). To ensure that 
permeability barriers did not account for the specifi- 
city, & cell-free enzyme tion was made and 
its specificity again tested. Cells of A. faecalis 
grown in Difco heart infusion broth were exposed 
for 30 min. in a 10 ko./s. Raytheon sonio oscillator. 
The debris was remcved by censrifugation in the cold 
at 12,000g for 30 min. The accivity of this cell-free 
extract was tested Zor product-on of (IIT) from the 
various penicillins (Cable 1). I> can be seen that the 
same order of activity is obtained with both prepara- 
tions. The soluble preperation was not tested on 
a-phenoxyethyl periicillm. 

The ability of the enzyme t> catalyse the reverse 
reactions was tosted by edding to a mixture of oells 
and (LIII), sodium prenylacetat-, sodium phenoxyace- 
tate, and sodium caproato. Measurable amounts of 
(1) and penicillin K Sut not of penicillin V wore formed 
under the conditicns of the sxperiment (Teble 2). 
A similar experiment with a-phenoxypropionic acid 
and (ITT) failed to reveal any synthesis of a~phenoxy- 
ethyl penicillin. The specifisity of the synthosis 
approximates that of the reverse reaction, indicatmg 
that the same enzyme is invol7ed. 

Almost eo pad conversior of (I) to (IM) could 
be obtained at ower levels of (D and longer incubation 


Table 1. 
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Fig. 1 Infra-red spectrum of D- 
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dey, whon concentrations up to 2 mgm. ml. 
(calculated as lysergic acid) were od An 
excess of oxygen in the culture fluid was essential 
for production of alkaloid. 

The bases were extracted from, tho filtered culture 
media at pH 7- 2-7-4 with organic solvents and trans- 


from the organic solvent phase as the free bases or 
the maleates. 

Four main substances were obtained which wero 
fa oro paira; ee Core: Tron 


ic behaviour ea infra-red 
spectra were identical with the ocorrosponding 
properties of authentic specimens. On hydrolysis 
with N sodium hydroxide, lysergic acid amide gave 
ammonia and lysergic acid in good yield; the 
lysergic acid thus obtained was identical in all 
peoe en Ss Sane ee ee 


e ol tha ueorad vat of ir 
and one mole- 


at pH 8 and 50°. The latter reaction occurs slowly 
even on standing at room ture. The isomer 
derived from lysergic acid was o in the orystal- 
line state aa tho free base from chloroform and as the 
acid maleate from methanol ether. The free base was 
obtained in long solvent-free which startod 
to decompose, at 185° C. ofler) and showed 
[a + 20° 4+ 2° (C = 1 in dimethylformemide) 
and no appreciable rotetion in pyridine. Ite ultra- 
violet spectrum was identical with that of other 
amide-substituted derivatives of lypergio acid (max- 
ima gb 242 and 312 mp). The infra-red spectrum is 
shown in Fig. 1. 

Analysis (free base): calculated for O,sHsiN sO, (811-37). C, 00-43; 
H,6 80; N,13:50. Found : 0,0023 ; 60-30; H,6-O4-7 04; N, 13-00. 


(maleate): oaleclated for O,sHe1N.0.0,H.0, (427-44): 
O, 61-81; H, 590; N, 9-83. Found: 0, 61 39; H, 6-38; N, 9-37. 


WELIGSTH ( MICRONS ) 





reeqemecy i ORT? y . 
Ivsergio acid methyl carbmolamide In potassium bromide 
(O = 0-8 per eent) 
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The second member of the pair of isomers, derived 
from isolysergic ecid, was not obtained in the crystal- 
line form; but by isomerization with diluted ascetic 
obtained from lysergic acid described above. 

The two lysergic acid derivatives yielding acetalde- 
hyde are thought to have tho acetaldehyde moiety 
linked to the lysergic acid moiety in the form of the 
carbinolamido linkage: 


OH, 
—OONH.C.0H 
H 
Neither the two isomers of lysergic acid amide nor 
those of lysergic acid methyl carbmolamide heve 


previously been re to occur in Nature. 
Full details of this work will be published elsewhero. 
F. Anoamonm P. PENSALLA 
O. BoNrNo A. ToNoLro 
E. B. CHAIN LIDU VBRO 
A. FERRETTI 


International Centre of Chemical Microbiology, 
Istituto Superiore di Sanita, 
Rome. 
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1 Voigt, B., Bfioreakim. Acta, 619 (1950). 


* Smith, 8., and Thnmus, G. M., J. Chem. Soc., 1440 (1086). 
8., and Timmis, G. ML, J. Chem. Soc., 768, 1543 (1032); 1166 


$ Btol, A., and Hofmann, A., Helv. Obim. Acts, 96, 033 (1043). 


Microbial Synthesis of Protein in Relation 
to the Biogenesis of Nucleic Acids with 
Azotobacter vinelandii as the Test Organism 


1 and Brachet? first directed attentian 
to the pomible role of ribonucleic acid in protein 
synthesis. This role has been reevaluated by 
Brachet and Six’. Ribonucleic acid is supposed to 
serve as a template for protein synthesis. Evidence 
in favour of and against this hypothesis has been 
documented by Chantrenne*, Meister’, Simkin’ and 
Hartman and Buchanan’. 

One of the most useful tools in demonstrating the 
relationship between protein and nucleic acid syn- 
theses is to use antibiotics and antimetabolites which 
interfere with either one or both the processest*. 
The mechanism of incorporation. of radioactive amino- 
acids into protein of particulate preparations of 
Asotobacter ttnelandti is being investigated in detail 
in this laboratory. As a prelude to that work, the 
effect of some antibiotics and antimetabolites on the 
synthesis of nucleic acid and of in in whole cells 
of A. tinelandié has bean studied. Similar effects 
have been observed in cell-free preparations aa well. 

Disodiam hydrogen phosphate (*P) and sodium 
sulphate (#8) were found to be rapidly incorporated 
into the growing cells of A. tsnelandii. The fraction 
soluble in trichloracetic acid attained seturation 
with either tracer, phosphorus-82 or sulphur-865, 
within about an hour, whereas incorporation into the 
fractions insoluble in trichloracetio acid maintained 
a steady rate of incorporation im parallel with the 
growth of the cells. The resting cells of A. tinelandit 
similarly incorporated phosphorus-32 and sulphur-85 
at a comparatively good rate. As in the case of 
growing oells, a source of energy, for example 
sucrose, was needed for the pe aaa of both the 
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tracers into the resting cells. Ans-yses of the fractions 
insoluble in trichlorasetic acid chowed that 80 per 
cent. of the phospharus-32 wae incorporated into 
nucleio acids, whereas 97 per cent of the sulphur-35 
was incorporated into protein. Thus the oarporation 
of pAcaphotia-88 and sulphur-85 into the fractions 
insoluble in trichloracetic acid of the resting cells can 
be looked upon as rejecting protein and nucleic fod 


eses respectively. 

Thie See resulta of inhibition stud-es of the inoorpore- 
tions of phosphorus-32 and sulnhur-35 into resting 
cells of A. vinelandii in the presence of antibiotics and 
antimetabolites are in Table 1. The 


detailed kinetic resutts will be presented elsewhere. 
Tho concentrations of the inhibicors chosen are threo 
times those required for inhibition of growth. 








In experiments on the incorporation of phosphorus- 
32, incubation was at 30° O. far 3 hr. with constant 
shaking in s total volume of 10 ml. containing 610 
umoles of sucrose, £2 pmoles of radioactive potassium 
phosphate, pH 7-0 .2-4 x 10* counts/min.), 150 mgm. 
(on dry weight bass) of cells of A. cinclandt and a 
suitable amount of growth inhibitor or antimetabolite 
(see Table 1). For the incorporation of sulphur-35, 
canditions were exactly the same with the exception 
that 23 umoles >f radioaccive sodium sulphate 
(2 x 10° counts/man.) were added instead of phos- 
phate. Non-radicective phosphate buffer (42 pmoles) 
was, however, inolcded. Contcol incubations without 
any antibiotic or antimetabclite were always run. 

ion was stopped by quick centrifugation at 
20,0007 followed bz washings ; the cells were washed 
four times, each time with 10 ml. of 0 05 M phosphate 
or 0:03 M sulphats reepectivey. Washed cells wero 
treated with 1 ml of oold 10 per cent trichloracetio 
acid for 30 mm. “he precipitate collected by oentri- 
fugation. was re-trsated ee ml. of oold 5 per cent 
trichloracetio acid. Finally. the precipitate was 
washed twice in >ach case vith 10 ml. of 005 M 
phosphate (or sulnhate) and suspended in 10 ml. of 
water. Aliquota were plated, dried and counted in a 
thin-window Goigza countcr (Nucloar Chicego Co.). 
Bince the plating was done at infinite thinness, no 
self-absorption ocrrection wes needed. 

Incorporation of phosphorag-32 irito nucleic acids 
is affected only t> a small extent in the’presence of 
chloramphenicol. Protein s=nthesis as reflected by 
moorporation, of sulphur-85 $, however, inhibited to 
a great extent a& expected. Streptomycin similarly 
interferes with incorporation of sulphur-85. Inoor- 
poration of phasphorus-32 is also inhibited to a 
considerable extent. Penicillin, which is known to 
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with the amino-acid analogue may reflect its oom- 
petitive inhibition with the “C-amimo-acid during 
incorporation. into protem, as a mixture of seventeen 
natural amimo-acids has been found to imhibit the 
inoorporatian of glutamate to a considerable extent. 

My thanks are due to Dr. D. P. Burma for his 
advice and suggestions during the progreas of the 
work, which was carried out under & project sponsored 
by the Council of Scientific and Industrial Research, 

MAHARANI CHAKRAVORTY 


Bose Research Institute, 
Caloutta-@. 
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Flavonoid Pigments of Lathyrus odoratus 


ALTHOUGH the genetics and chemistry of flower 
colour variation in the garden sweet pea, Lathyrug 
odoratus, have been much investigated!, none of the 
pigments present bas yet been fully characterized. 
As part of a general study of flavonoid production 
in garden plante*“, these pigmen’s have now been 
analysed by means of paper chromatography and 
ebsorption spectrophotometry. Smoe the sweet pea 
varieties “used by ocerlier mvestigators were not 
available, comparable colour forms were chosen 
from the wide range of present-day varieties. Examin- 
ction by chromatography divided them into three 
main classes, depandmg on whether their anthocya- 
ning were derived from tho orange pelargonidin, the 
magenta cyenidin or the meuvo delphmidm. Three 
deeply pigmented varieties, ‘Air Warden’, ‘Harrow’ 
end ‘Jupiter’, roprosenting respectively each of those 
colour cleases, were chosen for dotailed oxamination 
Binoe they contained the greatest number of pigments. 


OocUEREAOE OF FLArox0Ips IN Swarr PRA OOLOUR 
VaRinrims 


Table 1. 


























* Major glycosides ;; minor flavonol glycosides not shown. 
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Nineteen and three flavonol glycosides 
were isolated and identified by means of methods 
already described". Ther distribution is indicated 
in Table 1. Paler-coloured varieties generally con: 
tained the same pigments aa the intensely coloured 

8 though in leas amount, except that the antho- 


the samo fisvonol glyoosides aa either ‘Air Warden’ 
; a myriostin-containing white form 
sriivaloot t ‘Jupiter’ was not found. Besides the 
three flavonol 8-rhammogides pasteles in Table 1, 
several other flavanol were present in 
small amounts in most varieties. Three (that occurred 
with kampferol 3-rhamnoside in the white variety 
Valerie’) were kampferol derivatives which had 
two or more sugar residues, of which one, at least, in 
each case was rhamnose. ‘Valerie’ also contained 
the cimnamic acid related to kampferol, namely, 


ae Gene D s Y ghunoaile 9 haon idee, 
for example, gave good yields of the 
3$-rhamnosides after mbenn for 2 hr. 


represented i 
series : the exception is malvidin 3-rhamnogide which 
has, however, been provisionally identified on the 
basia of Ry values in wild Lathyrus satious, following 
the observation (Pecket, R. C., private communica- 
tion) that an unusual malvidin derivative was present 
in that species. Pecket found that other species of 


five different kinds of glycoside in the sweet-pea 
shows that domestication has had a very marked 


mixtures 
as complex as these is Streptocarpus (which is of 


mie origint.?). 

with an earlier report’, related 
ee and flavonols occur together in all 
the varieties examined. This agrees with findings 
in Solanum phureja’ and a number of other plante*.‘. 
oe a ee 
the an , evidently also de- 
termine the davonol hydroxylation pattern. Since 
flavonols and 


pigment. The addition of the other sugar residues 
must, - however, be controlled by enzymes which 
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complexity of pigment. glyccsidatinn that oocurs in 
highly evolved, garden plante. 
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Ferricyanlde Reduction Metod for Reducing 
Sugars 


purpose. 
measurement of the snounit of pussian blue formed 
par excess ferric iron is added to the reactant 


russian blue ferms an unstable, hydrophobic 
win pai acl protective agenta, generally hydrophilic 


blue frequently flocculates-in spite of the protective 
accurate measurement. ‘Duponol’ 


thickens the reactans mixture, and great care must 
be taken to avoid the introducticn of small air bubbles 
which tend to remair suspended. 

Although oxalic acid has lang been known to pep- 
tise prussian blue sals*.*, its use does not seem to 
have been attemptec in connexien with the ferricyan- 
ide method for redusing sugars. Ita use is described 
in this communication. 

The method folbwed was that of Folin and 
Malmros! as modited by Umbreit, Burris and 
Steuffer*. However, gum ghatti waa omitted from 
the ferric iron solufian. After heating the glucose— 
ferricyanide mixture in a ing water bath for 15 
min. and cooling, 5 mL of ferric iron solution and then 
1 mL 0-8 cent squeoun oxelio acid solution, were 
added idty. Th» volume was made up to 25 ml. 

distilled maten and after standing 18 min. the 
optical density at 520 mp was measured with a Beck- 
man DU spectrophotometer. A t blank waè 
prepared and all determinations were in duplicate. 

Fig. 1 indicates that Beer’s law is qbeyed up to 
300 ugm. of glucose The reaccant solution appeared 
perfectly clear wher observed vith the unaided eye or 
a microscope, even after standing for 1-2 hr. When 
gum ghatti or gum arabic waa used as a stabilizer, 
microscopic aggregetes could be seen after 10-15 min., 
and frequently flosculation oscurred rapidly. The 
use of one-fifth as much oxalip acid also resulted in 
flocculation after I5 min, wh le if more than 1 ml. 


` 


Optional density at 520 my (1 om. light path) 
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carried oub on 15 ul. urine; & similar volume of an 

oxidixed specimen was run at the same time. Papers 
were developed with ninhydrin and spots identified 
by the position to which they ran and their colour 
reaction with ninhydrin’, and by running pure 
samples of amino-acids with the urine specimens in 
some Instances. 

Some 6-9 spote were usually detected, the three 
strongest and most consistent being methyi-histidine, 
taurme and felmme. Glycine and alanine were 
variably present ; the other spots were unidentified. 
Methyl-histidme was in each cat's urine on 
each diet. Tt has been suggested that it derives from 
ingested anserine’ and haa been identified in large 
quantities in the urine of several carnivores, including 
that of domestic cats". Taurine disappeared from the 
urine of both male costs on the two lowest protein 
dieta, when all the animals were in negative nitrogen 
balance’, and from the urine of both females collected 
at the end of the period on the 13 per cent protem 
diet. After this period all the cats were placed on 
high-protein dicts and taurine reappeared in all urme 
specimens. Felmine (cystem-S- tanol)* was 
almost always present in the Ee e a 
often producing the stron spot. It enn never 
present after oxidation : this was carried out by 
hydrogen peroxide in the presence of ammonium 
molybdate’ a spot in the position occupied 
by cysteio acid invariably ooourred ; if by hydrogen 
peroxide alone a brownish spot appeared close to 
methyl-histidme (with an Ry value slightly leas im 
phenol, slightly greater in collidine/lutidine). Dafta 
and * in no case found both felinine (‘cat spot’) 
and taurme occurring in quantity in the same urine, 
and suggested on the resulta of dietary experiments 
that felinine is synthesized in the body from oysteme 
which would otherwise be further metabolized to 
taurine, this synthesis bemg encouraged by some 
component of ood-liver oil. However, it is shown in 
the experiment reported here that both taurine and 
felmine may be excreted in considerable quantity at 
the same time, but that on diets providing lees than 
the minimum concentration of protein necessary to 
maintain nitrogen. (21 per cent dry weight 
in this experiment’) felmme may be excreted prefer- ` 
entially to taurine. It has been suggested’ that 
felmime may be formed in the cat kidney (where it 
may exist in a bound form) and be excreted directly ; 
only traces were detected m plasma and bladder 
tissue, and none in. kidney, liver, brain or gastro- 
onemius,, whereas in cat urine ite concentration wes 
cstimated as 185 mgm. por cent’. Recently, leucine 
labelled with carbon-14 and mevalonic acid have been 
shown. to participate in folinme biosynthesis in the 
cat’. 

We are indebted to Dr. 8. for a sample of 
‘natural’ feline, and to Mesers. Petfooda, Ltd., for 
a grant. 

J. P. GRAVES 
Partricra P. Soorr 
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Restoration of Membrane Excitabil 
Calclum-deficient Muscles by I 
Polarization 


Ir is well known that marked olectrophysiological 
and biochemical disturbances occur in nerve and 
muscle immersed in calcium-free Ringer’s solution’. 
In the present experiment, isolated frog (Rana 
pipiens) sartorius muscles were used. When they 
were soaked in calcium-free Ringer solution (112 mM 
sodium chloride ; 2 mM potassium chloride; 2-4 mM 
sodium bicarbonate), mitial hyper-excitability was 
followed by a loas of excitability. This effect of 
calcium deficiency was enhanced by adding ethylene- 
diaminetetraacetioc acid to the medium. In calcium- 
free Ringer conteming 4 mM ethylenediaminetetra- 
acetic acid, muscles twitch while the resting potential 
rapidly drops to 50-80 mV. within an hour. As usual, 
the electrical activity which ordinarily accompanies 
stimulation was completely but reversibly elominated 
in the 60-120 min. following immersion. This loss of 
excitability cannot be explained simply the 
reduction of the resting potential, since a n of 
fibres showed, transiently, a relatively high resting 
potential in spite of & logs of excitability*. Whether 
excitability was maintained depended on the sus- 
ceptibility of mdividual fibres; even a seasonal 
variation being a . For example, the elec- 
trial activity of some muscles disappeared instan- 
taneously in calcium-free Ringer, particularly in 

ing frogs. This seems to suggest that excitability 

. on the ies of the membrane per se, 
which may be altered by the presence or absence of 
calcium ions. 

. This concept was supported by the following 

resulta on musde fibres registering 
complete loes of excitability and reduced resting 
potential (40-20 mV.) in calcium-free Ringer solution 

(with or without ethylenediaminetetrascetio acid). 
In these fibres, it was possible to restore the electrical 
excitability by applying anodal polarization to the 
membrane, as Fig. 1 shows. Here, one microelectrode 
in a muscle fibre recorded the membrane potential, 
and another microelectrode in the same fibre pesed 
both polarizing and stimulating currents. Repetitive 
anodal square pulses initiated “break ’ above 
a critical level of hyperpolarization (record 3). If 
cathodal stimulations were applied during the passage 
of these anodal the action potentials were 
induced at a certain threshold level (record 2). The 
spike bad higher magnitude i continuous 

. A certain magnitude 
of hyperpolarization and a certain period of passage 
of the current were necessary for production of 
action potentials. 

In calcium-free Ringer solution, muscle apparently 
gains sodium and loges oto and 
Koketeu, unpublished observation). Neither reduo- 
tion of intracellular potaasium nor accumulation of 
potassium in the interfibre space seams to be directly 
responmble for reducing resting potential and 
excitability. As a matter of fact, in the present 
experiments, i with calcium-free Ringer 
solution did not restore excitability. 

The experiment described here clearly demonstrates 
that calorum ions in the external solution are not 
` immediately necessary for the production of action 
pee OE ee conclusion, see ref. 3). So 

as membrane property was maintained in the 
excitable state by applying anodal polarization, the 
membrane was capable of producing action potentials 
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without externa. calermm.: Thus, the loss of electrical 
activity of the membrane in calcium-free Ringer 
solution cannot be e=Dlained simply by the absence 
of external calccim ions. Presumably, changes in the 
physico-chemical property cf the membrane resulting 
from withdrawal of the external calonmm are respon- 
sible for the les of membrane excitability. We 
found a serious disturbano» in the metabolic 
supply (Abood snd Koketa, unpublished work) and 
also in the distr-butian of acdium, potassium, calcium, 
and Magnesium ions (Miyamoto and Koketeu, 
unpublished work) when sartoriua muscles were 
soaked in caloium-fre= Ringar solution with or without 
ethylenediamins tetraacetic acid. 

An important problem isso determine whether thease 
biochemical and biophysical disturbances are reepon- 
sible for the Imes of excitability. We may asume 
that short-lived anodal correnta do not affect such 
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ude that they are not metric titration with 0-001 N ethylenediamine 
| of membrane excit- tetraacetic acid after removal of phosp with an 
y be lmked to the ion- resin‘. Murexide was used as indicator 
(he changes demon- for the calcium titration (pH 12-18) and Eriochrome 
% can probably be Black for the calcium plus magnesium titration 
der structure of the (pH 10-0-10 5)*. 
stion appears to have - Fig. 1 shows the mean calcium, magnesium and 
Indeed, in calcium- citric acid contents of the various sections of the 
alcram seems to leak oviducta of 5hens. The magnum showed little varis- 
unpublished work), tion m co ition, throughout ita length, and single 
Uar structure of the figures for the whole of this region are recorded. 
ar arrangement may most remarkable feature of this graph is the close 
lmg calcium to the relationship between the calcium citric acid in 
sorrents through the the different sections of the isthmus and uterus. It 
is well known that tissues such as bone and dentine 
sed by the Institute and secretions such as milk and seminal plasma are 
Blindnegs, National rich in both calcium and citric acid, but so far as we 
650. are aware, the extremely close parallel between 
these two cell constituents which we have observed 
in the hen's oviduct has not been reported in other 
tissues. The correlation coefficient, r, between, calcium 
f and citric acid for the 65 sections of the isthmus 
ədicine, and uterus of the 5 hens was found to be + 0:97. 
The regression equation calculated from these data is: 


K. Koxerso 
K. Nopa 


4). - 
“Pario, 187, £18 (1957). - y = 0-237% + 17-7 
ci where y = mgm.oaloium./100 gm., 2 = mgm. citric 
gee equa be calculated that fi 
From this tion 1t may t or 
cium and Citric each m.mole increase in citric acid there is an ETA 
f the Hen of 1-14 m.mole calcium. 
t investigation! it The physiological significance of the ore 
stantial fall in the high level of citric acid in the isthmus is quite obscure. 
sociated with the This region is about 10 cm. long and the distal half 
The mean plaama contains at least 800 mgm. citric acid/100 gm. fresh 
3 was 8-3 mgm./100 tissue. It is in this section of the oviduct that the 
nl. in laying birds. shell membranes are laid down, but so far as is known, - 
signed to find out shell calcifloation does not occur until the uterus, 
s scoompanied by which contains very much less caloium and citric 
, of other tisues. acid, is reached. 
tri- 
ajor Mgm-/100 gm. fresi, tasno 
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We have found that the concentration of citric acid 
in the isthmus is not altered in birds injected with 
fluoroacetate, and the enzymes of the Krebs cycle 
which seam most likely to be implicated in the high 
citric acid content of this region are under investiga- 
tion. 

The tubular region of the uterus adjacent to the 
isthmus, the isthmo-uterine junction‘, is considerably 
richer in calorum and oitrio acid than the thick 
muscular region where the main process of shell 
calcification occurs, and this may be due to the fact 
that the transition from isthmus to uterus is gradual, 
there being no definite histological boundary between 
the two regions’. 

ium forms a complex ion with citrate* similar 
to that formed between caloium and citrate; but 
in spite of the large variations in citric acid in the 
different segments, the magnesium content of the 
isthmus and uterus is constant at a level of 15-20 
mgm./100 gm. The magnum, however, which is 
relatively low in citrio acid (less than 10 mgm./100 
gm.) contains ap i ly twice as much magnesium 
(88 mgm./100 gm.) as any other region of the oviduct. 

We wish to thank Dr. B. O. Saunders for a generous 
gift of sodium fluorcacetate. 

T. Q. TAYLOR 
F. HaermaNnoY 


Department of Physiological Chemistry, 
The University, 
Reading. 
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Oxytocin in the pple ha a of the 
Laying Hen 
ALTHOUGH it has been well known that the 
administration of posterior lobe hormones induces 
premature oviposition in the hen, Gallus domestious:.*, 
as in other fowls’, it remains undetermined whether 


the hormone(s) plays an essential part in normal, 


The resulta here may throw 
light on the mechaniam of oviposition in the domestic 
fowl 

Twenty-five White hena in their first year 


of production were killed at the following times: 
(1) 8-4 hr. before expected oviposition; (2) within 
an hour before oviposition; (3) within 
5 min. after oviposition ; (4) 1—2 hr. after oviposition ; 
(5) 5-6 hr. after oviposition. The posterior lobes of 
the hypophysis of each bird were extracted with 
0-25 per cent acetic acid immediately after removal, 
and assayed for axytocic activity against ‘Pitocin’ 
(Parke, Davia and Co.) on the isolated uterus of an 
œstrous virgin rat of Wistar strain, following Holton’s 
method‘. Dibenamine and atropme were added to 
the organ-bath. 

Fig. 1 shows the mean hormone content per lobe 
and its 95 per cent fiducial limita. The differences 
between the lobes removed withm 5 min. after 
oviposition and those removed at other times were 
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on 
lines represent the fidueial Itmits of the mean (degree of con- 
fidence, 0 95 


significant (P < 0-1). These differences were not 
materially affected by using other ortteria of com- 
parison ; for example, hormone content per milligram 
neurohypophysial vissue. No significent difference 
was found between the weighte of the posterior lobes. 
It would appear then that oviposition in the hen 
follows ion of oxytocis hormone from the 
posterior lobe, and that the hormone accumulates in 
the hypophysis socn after oviposition. 
Katrvnips TANAKA 
Sancar Naxaso 
Laboratory of Aa Breeding, 
Faculty of agriculture, 
Nagoya University, Japan. 
Fek. 2. 
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Hunger Reduction produced by Injecting 
Glucose into ths Lateral ‘Yentricle of the Rat 


Ir has been repeatedly stown that the ventro- 


- medial nucleus of the hypothalamus is responsible 


for the satiation 3f hunger. According to Mayer!, 
this is brought about by hypothalamic glucoreceptors. 
Because of the rapid removal >f injected glucose from 
the blood-stream, direct expermental tests of Mayer's 
hypothesis have yielded conflicting results. 

The technique of intraventricular injection em- 
ployed in the present experiment is a modification. 
of that developec by Feldbsrg and Sherwood! for 
use on cats, and details will >e published olsewhere. 
In brief, a stainless steel cannula is sterectaxically 
implanted and permanently fixed in the latežal 
ventricle, and the animal is allowed to recover from 
the anmsthetic. Correct potitioning is checked by 
injecting the satiated rat with a small eee of 
2 per cent saline tarough the sannula. Tainan 
tip is im the ventricular syetem, the injected auld 
reaches the Demoreceptors and the 
animal responds by drinking-water. The validity of 
this test has beer confirmed at autopsy by injecting 
ee oe 


Satie syringe connected to 
the cannula by polythene tubing at a rate of 0-005 
ml./min., to a total volume of 0-3 ml /kgm. body- 
weight. Such injections per s do not appear to 
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days served as n 
freely available tix 
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Excitation at the Crayfish Neuromuscular 
Junction with Decreased Membrane 
Conductance 


Tam generally socepted mechanism of chemical 
transmission at excitatory and inhibitory hae aed 
is an interaction of a transmitter substance with 
the sub-synaptic coll region, causing an increase of 
membrane conductance for specific ions. Excitatory 
transmission 1s essentially a depolarization due to the 
increased membrane uity to one or more 
ions (predominantly Nat) which have their effective 
‘electrochemical equilibrium’ potential near rero | 
membrane potential. This system has been worked 
out most thoroughly in the vertebrate nerve—musce 
junction by Katz, Fatt and Del Castillot. An inter- 
esting variation of the above postsynaptic mechanism 
is described here. 

In a ‘slow’ crayfish muscle, stonulation of the 
motor axon at 75/sec. causes excitatory junctional 
potentials which facilitate and sum, building up to a 
plateau. The conductance of the membrane was 
determined by pegsing a short constant hyper- 

polarizing current pulse across the membrane of the 
fibre and measuring tho change in electro- 
tonio potential. This was done at rest (lower trace, 
Fig. LA) and during the plateau phase (upper trace). 
The electrotonic potential during oexoitation is 
decreased, showing the increase in conductange which 
E E If the 

same experiment is repeated with the Ca level 
raised to four times normal (56 mM/1.) in the externa? 
ipecian the resting conductance uly Halle o 
(leas than 5 per cent), as seen in Fig. 18. During the 


_ excitatory junetional potential platoau, however, with 


control in the resting fibre. The membrane oon- . 
ductance, therefore, must have greatly decreased 
during excitatory transmision. 





, 
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The following interpretation is offered: During an 


excess of Catt the observed conductance decrease is ` 


duo to the decreased permeability to ions with an 
equilibrium potential near the reting or 
more negative than the resting potential. K+ and/or 
Cl* are the onty known ions which fulfil this require- 
mont. 

Tt is thought that Cat excess does not causo the 
observed conductance decrease, but merely unmasks 
it by reducing the larger increase in sodiam perme- 
ability which normally swamps snd obscures the 
conductance decrease of K* and/or Cl-. In support 
of this thesis it was seen that the normal excitatory 
junctional potential actually does not behave aa if it 
wore due to a conductance increase to an ion (or 
ions) with an ‘equilibrium potential’ near zero. We 
have found that during hyperpolarization of the 
resting membrano the excitatory junctional potential 
does not meorease proportionally, as expected if it 
were purely of the conductance increase type. This 
had also beon observed earlier’, but the deviation 
from the predicted curve waa attributed to a oon- 
ductance increase caused by the hyperpolarixing 
current iteelf. Such an interpretation seems excluded 
in the present experiments. ‘Furthermore, in the 
presence of Cat exoees the excitatory junctional 
potential may actually decrease during byperpolar- 
ization. Under these conditions one msy even expect 
a reversal of the excitatory junctional potential at 
large negative resting potentials. This, however, could 
not be demonstrated experimentally even when the 

potential was increased from — 80 to 
— 180 mY. 

The following events are thus thought to oocur at 

crustacean junctions : The excitatory transmitter 


predominantly to Na+. (2) A decrease in conductance 
to K* and/or Cl-. Both permeability cause 
depolarization and thus their effects are additive. 


Joss¥r DUDEL 
Starnean W. KUFYLER 


Neurophysiology Laboratory, 
Harvard Medical School, 
Boston, Mags. 
April 28. 
1 del Castillo, J., and Katz, B., Prog. Biophys., 6, 121 (1988). 
1 Boistel, J., and Fatt, P., J. Phynol., 144, 176 (1988). 


A Second Mechanism of Inhibition at the 
Crayfish Neuromuscular Junction 


Ix crayfish muscle fibres single stimulation of an 
inhibitory axon seta up, small inhibitory junctional 
potentials (Fig. LA). Fatt and Katz! showod that 
such inhibitory Boson changes are caused by an 
mncreage of the membrane conductance to ions (K* 
and/or Cl) with an ‘electrochemical equilibrium’ 
close to the resting potential. This equilibrium 
ier apes can readily be determined. For example, 

ee. of Fig. LE short trains of depolar- 
itory potentials wore repeated every 2 sec. 

Sec E sens the membrane was depolar- 
ized progresarvely by passing a current across it. 
The inhibitory potentials became smaller and 
eventually reversed their polarity at the equilibrium- 
level. A basically similar mechanism has been found 
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oy Potoni), ly ase 
Trme calibraton 10 msec. for A to D. 
ted avery 2 sec. 


equilfbrtum potential of INnhibfion. calibration 
2 sec, for E, voltage oalfbration mY. for A to E 


in all inhibitory synapses ecudied so far, for example, 
in motoneurons, the strum af the heart and m 
stretch receptor neurons of the ocrayfish'. Here an 
additional mechanism is reportec. 

In the experiment >f Fic. 1 ths resting potential is 
about 6 mV. more negstive than the mbhibitory 
reversal potential, as shown in Fig. LW. The size of 
the excitatory junctional potemral in Fig. 1B is lees 
than 8 mV., that ix to say, i does not reach the 
inhibitory reversal pctential. If 20w the conductance 
increase mechanism described above is the only 
mediator of inhibition, in this experimental situation 
the inhibitory potential should edd to the excitatory 
potential and not recuoce it. Ths, in fact, is the caso 
in Fig. 10 where tke timing 1¢ set so that the in- 
hubitory potential (ct. Fig. LA) falls on the peak of 
the excitatory one (Tig. 13). However, if in Fig. 1D 
the inhibitory potectial srecedag the excitatory by 
3 msec., the excitatory potenctal is greatly reduced 
in size. The timing is quite ccitical (of. also ref. 8) ; 
in this experiment the effect is maximal for an 
interval 2-8 msec. Such an inhibitory effect cannot 
be explained by the incresso of conductance mechan- 
iam, and therefore in addition a second mechanism of 
inhibition hag to be postulatec. This could be either 
& posteynaptio interaction besween the inhibitory 
and excitatory trargmitter sccstancea, for example, 
in & competitive mannsr, ar the inhibitor could 
influence the presyraptic excitatory nerve. 

There is no direst msthoc of studying the pre- 
synaptic nerve endings, but indirectly the state of 
excitatory facilitat:on end tns frequency of spon- 
taneous miniature potontias reveal presynaptic 
conditions. During-the first cond after a condition- 
ing period of excitatory stimulurion at high frequencies 
& burst of spontaneous mmeture potentials ia re- 
corded in the muscle fibre‘, and for several seconds 
the size of single excitatory potentials is greatly 
increased as the result of presynaptic facilitation. 
This poat-excitator~ facititation as well as the increase 
of frequency of mimiature pctentials is reduced if 
during the conditioning period inhibitory stimuli 
precede the excitetory onee by 2-3 mec. (as in 
Fig. 1D). If, however, the excitatory and inhibitory 
impulses are mors separated no effect on post- 
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of 24 hr. gives fairl: 

Frozen gections 1 
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miatures is seen. Since 
ind miniature frequency 
he second mechanism of 
ion on excitatory nerve 
L 
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ISTRY 


‘hod for Histo- 
tion of Acid 
se 


onium pararosanilin’, 
coupling methods by 
seafully employed in 
at microscopic and 
it was found that a 
rate and hexazonium 
w better localization 
er method‘ using the 
æm to be not inferior 
1 AS or indoryl 
this method, besides 
ce that a-naphthyl 
t is more readily 
esters of ‘Naphthol 
reagents are com- 
hod works easily. 
with formalin-fixed 
hr. in 10 per cent 
wdcium chloride (pH 
rdroxide) is recom- 
od (48-72 hr.) mey 
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dehydrated in ethanol, cleared in xylol and mounted 
in balsam or synthetio medium. (After rinsing with 
distilled water a light blue nuclear staining, for 
example Weigert hematoxylin, mey be used. This, 
however, will somewhat reduce the brightness of the 


histochemical staining.) 


The moubating medium is prepared as follows: 

To 20 mgm. of sodium a-acid phosphate (Dajac 
Lab., Philadelphia), dissolved in 18 mL distilled water 
+5 mL of Michaelis veronal-acetate buffer stock 
solution (9-714 gm. sodium acetate 83H,0 + 14-714 
gm. sodium berbiturate in distilled water free from 
carbon dioxide, made up to 500 mL), 1:6 ml. of 
‘hexazonium salt’ solution is added. The hexazonium 


salt solution is prepared. 


by mixing in a teat 


freshly 
tube equal amounts (0:8 mL) of those two stook 


solutions: (a) 4 per cant 


hydrochloride 


(O.I. 676, National Aniline Division, Allied Chemical 
and Dye Corporation, New York) in 2 N hydrochloric 
acid, and (b) 4 per cent sodium nitrite’. The pH of 
the medium is then adjusted by pH-meter to 6-5 with 
1 N sodium hydroxide (about 0:6 ml). After this 
the solution is filtered into a Coplin jar and is ready 
for incubation. The veronal-acetate buffer can be 
replaced by phosphate or iris-maleate buffers. 

It is agaumed that the diazotization of p-rosaniine 
(triphenylaminomethans) results in the formation of 
hexazonium galt! capable of formmg dyes with one, 
two or eventually three-azo groups. The assumption 


that different co: 


mpounds are formed is supported by 


the observation that the colour of azo dye varies wth 
the pH. The colour is reddiah in acid pH, becoming 
brownish towards neutral pH. Further treatment 
with naphthols results in changes in colour of both 


the reaction product and of the 
suggesting tho presence of free 


ound staining, 
groups in 


the azo dye formed. These free diazo groups, able to 
form complexes with proteins, may in this way 
contribute to the insolubility of the azo dye, thus 

ing the localization. The fresh hexazonium 
salt is le enough at acid pH to permit incubation 
wet Suotn keraperatare wibiond change of the meubating 


medium for 60 min. 
The hexazonium 


seems not signi- 


perarosanilin , 
ficantly to inhibit the acid phosphatase at acid pH. 
However, quantitative data are not available. At 
neutral or alkalme pH the inactivation of acid 
phosphatase 1s considerable, indicating a diazonium- 
type reaction between the hexazonium paeraroganilin 
and the enzyme. When stable diazonium salts are 
used the inhibition of enzymes is by most authors 
ascribed to the stabilizer. - At acid pH the hexaxonium 
salt does not cause appreciable changes in staining _ 
for adenosine triphosphatase or 5-nuclectidase, thus 
permitting combination with these techniques. The 
excess nitrous acid in the fresh diazonium salt 
solution seams not to interfere with the staining. 
Addition of uree to the incubating medium, in order 
to elimimate the exoesa of nitrous acid, did not 
change the histochemical pattern. However, most of 
the excess nitrous acid can be removed from the 
hexazonium salt solution by vacuum. 

The naphthyl phosphate hexazonium perarosanilin 
method was employed at pH 6-5. This pH, chosen 


empirically, 


a necessary 


compromise 
between adequate azo-coupling ~ optimum -enxyme 
activity. The coupling-rete of hexazonium pararo- 
antin iih amphi ee eee 


and 8-5. It moreases 


towards neutral pH and 


permits good histochemical localization at pH 6-5 


` 
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or above. Even at pH 6-0 or below the localization 
is better than with other diazonium salta. On 
the other hand, the acid phosphatese(s) of tissues 
examined so far are active at these pH. In the case 
of rat liver, sao ee er ee 
rapresenta shout 50 per cont of activity measured at 


The improved localization given by this technique 
is attributed to the insolubility and substantivity of 
the azo-dye formed. The dye is resistant to most of 
the organic solvents and is insoluble in lipids. It is 
amorphous or microcrystalline. Its colour and form 
did not change in mounted slides in 10 months. It 
gave reproducible, constant resulta in large series of 
sections of human, rat and mouse tissues. The 
applicability of this method to nervous tissue, both 
animal and human ( P., unpublished 
observations), deserves emphasis. It should stimulate 
the re-evaluation of the distribution of acid phos- 
Pomad T par rots ease, where the resulta with the 
Gomori lead method are most questionable. pE 
hoped that the simple modifloation described will 
facilitate the histochemical study of the physiological 
and po Pora significance of the somewhat 
neglected phosphatase. 

This work was supported by Grant No. 4—1783(0) 
of the Division of Research Granta, United States 


` Public Health Service, National Institutes of Health. 


I am indebted to Miss H. van der Noen for assistance. 
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PATHOLOGY 


Vitamin and ore Content of 
Hepatomas induced by Butter Yellow 


Desrrra the great importance of vitamins and 
coenzymes to all aspects of metabolism, little atten- 
tion has been given to the concentration of these 
compounds in tumours in recent years. In fact, the 
only systematic study appears to be the work of 
R. J. Williams and associates'. The results of this 
work demonstrate that the concentration of vita- 
mins in tumours is quite abnormal. 


by 
pee pale at a a ae, 
were selected, since they are one of the types of 
tumour moet studied. 

Thirty-six male, weanling, albino ratg of the 
Sprague-Dawley strain were fed a ‘Purina’ diet. 
After two weeks on this diet, the rats ware separately 
caged and divided into two equal groups. The first 
group was fed the basal diet as before, while the 
second was fed the ‘Purina’ plus 0-06 gm. per cent 
butter yellow. After 185 days, the animals ware 
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killed by decapitation and the livers removed. No 
tumours were found ir the contre] animals, but of 
those fed the butter yallow diet 18 of the 18 had 
large hepatomas. The livers of the control animals, 
together with the carefully removed hepatombs, were 


acid assay with L. aradinosws* on an enzyme-hydro- 
lysed extract. Vitam: A was detacted by the Carr- 
Price reaction’, herols tne ferric chloride- 
a,a-dipyridyl reaction’ after the removal of interfering 
with concentrated suzphuric acid’, and 
ascorbic acid by tke 2 4-dinitrophenylhydrasine 
assay. 
Diphosphopyridine nucleotide 


y 

assay methods respectively. The ratio of oxidized 
to reduced ciphoeph sey dae cuclectide was de- 
termined by the a a dregenase method of 
Holzer e al”. was ageayed by the 
arsenolysis aia T 

The results of theas determinstions are given in 
Tables 1 and 2. 


Table 1. OOXOENTRATION oF VITAMIKS OF NORMAL LIVERS AWD OF 
HAPATOXAS 


Concentration (mean of five determma tons, 
gr wet tiano) 
ver 


Hepetoms 





tr HEPATOMAS 








It is apparent that the concentrations of many 
vitamins and coenzy-nes withm hepatomas are very 
abnormal. Indeed, 30 different are the concentra- 
tions from the normed that-they offer an lanation 
of many of the observed metabolio distur oes of 


ee Wie D e a S 
causes of tumour insidence. Aa differences in oon- 
centration of vitamins within different cells must 


into a cell. 





Effect o 
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wal members of the iliac lymph nodes showed that they contained C. 
ty and Bacteriology of albicans. No evidence of O. albicans was found in 
nical assistance in ocon- the left external iliao nodes, the liver, the spleen and 
assays. he tines 

M. H. Briaes Two of the inea pigs inoculated with a suspension - 
T, of M. (strain H,,Fv) alone died with an 
agton, infection. due to diplococci leas than six weeks after 

injegtion. After ten weeks, 8 of the 


Oe wy ‘RB. J. S When guinee pigs were inoculated with suspensions 
2 cee ad wile: of M. tuberoulosis and O. albicans the combined in- 
and Fakin, R. H., Use. Tess fection resulted in a faster evolution of the tuber- 
culous disease. More than 50 per cent of the animals 
“West, Bug. Cham, Anal. Edi, of this group had died within six weeks of inoculation. 
N examination disclosed that all these had 
Biol. Chem., 678 (1041 ocropsy 
Beg ane lešions in the right external iliac lymph nodes and, 
in many instances, tubercle bacilli were recovered 
» 1, 327 (Academio Prem, New from the internal iliao lymph nodes, from liver, 
sool., %, 120 (1080). spleen or lings. By the end of thé twelfth week, 
ov. okim., 67, 1351 (1083), cultures of the liver, spleen and lungs of two to 
Ounad, J. Ree.18,B,405(1940)- three times as many of these animals as of the 
F, M. J., and Damron, 0. M> -` animals inoculated with tubercle bacilli alone showed 
TTO (1950). evidence of growth of M. tuberculosis. 
3., and Plass, ML, Dioohem. J., In no instance did these animals show any signs 
of disease of the liver, spleen or lungs that could be 
SBP Wa,int Hetmretsh, B, attributed to O. albicans. Candida albicans was 
4 Lipman, F., J. Biol. Chem, recovered from the regional lymph nodes and, in two 
instances, from small abscesses that had formed 
at the site of the moculation in animals that died 
within the first six weeks. After this time, O. albtoams 
Ibicans on the was not recovered again by cultural methods from 
na en tae caduicnet ie lysaocharide fraction to th 
Ə ion o po ion e 
a to on baoillary inoculum also increased the death-rate of 
in vitro. This finding the guinea pigs from tuberculosis within the first 
the tracer technique weeks of the experiment. The ratio of tissular in- 
bacilli in pathological fection with M. tuberoulosis was higher than in 
ze shown that the poly- animals inoculated with tubercle bacilli alone, but 
3 albicans 18 responsible inferior to that of animals inoculated with tubercle 


tube bacilli The death-rate of the animals in this experiment 
Then by exposure to and the number of oultures of M. tuboroulosis 
experiment 60 guinea obtained from necropsy material are summarized in 
>us inoculation in the Tables 1, 2 and 3. 


3% weight) of a ten-day Table. DIATH-RATS OF Guomms Pras DIOCULATED WITH TUREROLE 
dium of M. tuberculosis BALLI ALONM, WITH TUBEEULE BACILLI AND O. albiomns 
TURMROLE POLYSAOOHARIDIN 


Bee were inoculated, at Maia ty via dase Wary ce r 
me site, with 1 mgm. > 

aad culture of Candida Interval between Hehe and | HRv and. 

0 of these guinea pigs _ | infection and | Hn Ry | 0. albicans of OJ 

- with 1 ml. of a 5 per 
moting polysaccharide 


guinea pigs moculated 
are kept as ‘oantrols’. 
s formed by 20 guinea 
cutaneous inoculation 
the 5-day culture of 











those which died and Tahle 2, DIMEXINATION OF 


TUBEROLE BAOTLLI IW ANIYALS DIAD 
twelfth week following WITHIN Six WIEKS OF THA PXPIRinaN? 





The lymph nodes meer 
shose in the left groin, 
Dleen and lungs were 
-mine whether or not 
=- tuberculosis, or both. 
aoculated with a oel 
one a month and the 
ation, from pneumania 

as of the Hath external 
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Table 3. DIMEMIKATION oF TUBERCLE 
Exraxkorr 


A In ALL ÀNMALS 
UNDm 


BALLI 
(DAAD OR KILLED arree 12 WS) 














The results of these experiments show that within 
the first two months after infection, O. albicans 
increased the invasiveness of the tubercle bacilli. This 
action can be compared to that of oertain extra- 
cellular enzymes such as streptokinase or hyaluronid- 
ase which are not directly toxic but act as spreadmg 
agents for the bacteria which produce them. How- 
ever, no enzyme that sots on the dissemination of 
tubercle bacilli tn vivo has so far been isolated from 
O. albicans. The simultaneous inoculation of 50 mgm. 
of C. albicans polysaccharides reproduced, to a leaser 
extent, the effect of the living yeast cells by moreasing 
the early death-rate and the dissemination of the 
tubercle bacilli. The chemical nature of the poly- 
saccharide fraction of O. albicans used in this experi- 
ment has been studied by Ch. Tanford (personal 
communication). He pointed out the chemical 
similarity between. this fraction and bacterial ‘Dextran 
UF described by Greenwood. 

Bacterial dextrans increase the virulence of entero- 
beocteria for rats and mice“. These dextrans differ 
in their action from mucin, on-one hand, and from 
the streas-producing substance, adrenooorticotrophio 
hormone, on the other’. 

The only explanation so far offered for the viru- 

action of dextrans has been proposed 
by Osalay et al.1*, who observed imhibition and de- 
struction of phagocytes in white rats inoculated 
with dextrans 


The polysaccharide fraction of O. albicans rep- 
resents 10 per cent of the weight of the whole cells’. 
The inoculum of 1 mgm. of yeast cella contained 
0-1 mgm. of the polysacoharide fraction. This seams 
a very small amount of dextrans, unless it is taken 
into consideration that these cells may have multi- 
plied several times before their ultimate destruc- 
tion. 

This work was supported in part by a National 
Health Grant. 
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RADICBIOLOGY 


Delayed Recovery of Airberne Serratia 
marcescens after rt-Jime Exposure to 
Ultre-viodet Irradiation 


Tus phenomenon of the re-activation of bacteria 
after to ultra-violet irradiation is well 
known'. The possdility exis-s that products 
formed in the medium by the response of some 
bacteria, either by deat or by adaptation, ie cae have 
influenced the re-activetion of neighbouring bacilli 

During a study of freeze-dried serratia marcescens 
aerosolized from the dried state! a question arose 
concerning the extent of injury incurred by the air- 
borne bacteria as influanoed by th» quantity of ultra- 
violet irradiation. This communication describes a 
re-activation phenomenon associated with such brief 


exposures. 

In our experiments dried organisms were dispersed 
into cubic-meter chambers" with the enclosed air 
stirred by a fan. Air samples wer collected at inter- 
vals by means of a Bourdillior-type alit sampler 
directly on to blood agar baw (‘B.AB’, Difoo) medium 
and the plates were incubated immediately. The 
viable bacterial concertration/litre of aerosol was then 
plotted on semi-log paper versue time to determine 
the overall decay in viability. Poause physical loss 
was small to the loss of viability, no adjust- 
ment for the former was emp Ultra-violet 
irradiation was mtrocuced st the top of the chamber 
by a Westinghouse Starilamp No. 7824-10, which was 
turned on for desirec time-pericds (20-120 sec.) at 
90 min. after asrosol dispersal. .A sufficient number 
of samples was taken before to establish 
the rate of decay in tae absence «f irradiation, Each 
serosol, therefore, served as its own control 

In the absence cf irredisticn, the numbers of 
viable airborne bactaria, decreassd in an exponential 
manner. It was e from this finding that 
exposure to the lethai radiation would cause a sudden 
decrease in the numbers of viab-e cells followed by a 
continuation of the established rate of decay by those 
bacilli not iInfluencec by the ultra-violet 

As predicted, there was a sadden loss of viable 
airborne cells on irradiation. The log of the percen- 
tage of survivors ocrrelated wich duration of ultre- 
violet exposure. However, subsequent behaviour 

was unexpected. Arter completion of the exposure, 
and for 15-20 min. thereaftar, evidenoe of an increased 
rate of decay followed by a shart period of recovery 
was noted. In same cases a second increased rate of 
decay occurred whish continued for about 30 min. 
followed by a secand period of recovery, usually 
60-75 min. after exposurs. Tue numbers of visable 
bacilli then remainng airborne were at a level which 
would have been xo ultra-violet exposure 
been employed. Fim. 1 is a composite illustration of 
the behaviour of 3) aerosols tested in this manner. 
Although not all seroeola exhibited two periods of 
decay and recoverr, all but tvo indicated that the 
bacteria recovered to the extent shown by the solid 
line in Fig. 1. In three instences injury was such 
that no organisms were recovered from the aerosol 
during a short tinss-period after irradiation, though 
viable mi were Present after additional 
time had This unusual behaviour waa associ- 
ated with the use oc sampling medium which had been 
dried** for a longer time than was usually employed 
to clear excess watar from the Petri plates. 
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Relative Availability of Some Strontium-90 
Compounds in Soll 


Asamsaxanrr of contamination of man’s food chain 


by strontium-90 through plants is complicated by 
TOORE th the pior fisuri oT thig oropa Thus 


the content of strontium-90 in plants from fall-out 
may be influenced by foliar tion!, stem-base 
absorption", and the vertical tion of stron- 


tium-90 in the soil profile’. In cultivated soils, the 
low mobility of strontium-90 coupled with normal 
ee T E R 
uniform distribution of strontium-90 within 

rhizosphere. Consequently the availability of e 
tium-80 fram soil to plants becomes’ an important 
factor in hazard evaluation. We believe information 
regarding availability, and any change with time 
thereof, can be obtained by successively cropping soil 
cultures which have been uniformly contaminated 
with strontium compounds of varying solubility. 


aliquots of dry soil previously passed through a 
105-mm. mesh sieve. This mixture was blended with 
more soil in a V-shell blender to yield 600 gm. dry 


gm 
soil (105° O. basis) with a final activity of 0-1 uo./gm. 
soil. Each chemical form was in triplicate 
for each of the three soils (Table 1) om sampling 


between. crope, the soil was subjected to wetting and 
drying but was not cultivated. The first fallow period 
was 32 days and the second was extended to 141 days. 

Uptake from relatively insoluble forms was similar 
and tenfold leas than uptake from insoluble forms in 
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Millville loam 
(+H, 8-0; 80 mo Oat) 
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* Leaf timas dried at 70° O. 


the acidic Cinebar soil. In calcareous soils, the same 
relationship between_soluble and insoluble forms held 
with the exception of strontium phosphate and 
carbonate, which were another order of magnitude 
lees available than the soluble forms. The grouping 
of the -levels that moderate 
differences in solubility were not identifiable when 
compounds were mixed with soil. The sulphate, 
suggested by Libby? as possibly beneficial in 
soils contaminated by strontium-90, was no less 
available than other forms the solubility products of 
which differ by 1 or è orders of magnitude. Soil 
reactions were clearly important in the relative 
availability of phosphate and carbonate from basio 
cognpared to acidic soils. Apatite formation in 
alkaline soils containing calcite has been shown to 
include calcium-liks atoms im the apatite lattice, 
thereby removing strontium from solutions, We 

o this reaction accounted for the reduction of 
availability of strontiam-90 relative to other forms. 
Such a direct explanation is not apparent for stron- 
tum carbonate. 

The low availability of strontium phosphate sug- 
gested phosphate fertilization as a means of reducing 
uptake of strontium-90 from contaminated soils. We 
were able to demonstrate a 50 per cent reduction in 
uptake of strontiam-80 fram basio soils treated with 
massive doses of phosphate’. No reduction was 
observed on acidic soil. 


and substantiated obeervations previously made on 
strontium-80 aged several years in the fields. In 
these fleld-studies strontium-90 aged nearly four years 
was taken up by plants to the same extent as stron- 
tium-85 added at the time of testing. In the present 
keet porne eS ANDIL 19 ee 
compounds in one soil were n In acidic soil the 
availability of all strontium salta decreased in the 
final harvest. This decrease could not be accounted 
for by depletion of strontium-90 from the soil. In 
alkaline soils the rate of change was much slower 
and in the same direction except for strontium 
carbonate, which became more available with time. 
No significant difference existed between the 
and Millville soils with to strontium 
availability although the uptake from these calcareous 
soils was 3—3 times lees than fram the acidic soil. The 
lower uptake from calcareous soils has been largely 
attributed to the quantities of available calcium. 
In partial confirmation of the calcimm effect, it has 
been possible to reduce uptake of strontium-90 as 

















t Ammonium soctate-extractalle oxloinm in ne/100 gm. soiL 


much as 80 per cent br additions of lime or gypsum 
to Cimebar soil, whica is low in caloium*. Such 
amendments are without effect on alkaline caloareous 
soils'*. In fact, with the exceptioa of the phosphate 
treatment mentioned, no treatment procedures have 
been described which depressed strontium-90 uptake 
from calcareous soils. 

The resulte obtained to date establish the extent 
to which uptake of strantium-90 might potentially be 
reduced through precipitation reactions. Further 
studies are ired to determine whether an appre- 
ciable part of this potential oan be realized. However, 
initial experiments wth phosphete fertilization’ do 
not permit much optimism on ths point. 

This work was performed under Contract No. 
AT (45-1)-1350 between the U8. Atomic Energy 
Commiamon and the eneral Electric Co. 
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X and Y Spermatozoa 


A HUMAN spermmtoroon contains an X or a Y 
chromosome, whereas every haman egg contains an 
X chromosome. I, therefore. an X toron 
fertiles an egg, tte offspring is female; but ifa Y 
spermatozoon fertlizes an «gg, the offspring is 


claim hag been 
Nevo, Michaeli 
experiments un 
bull and rabbit 


velocities m a popr 
of different “types 


distribution, or & Č 
aa the sum of t 
different moana, : 

No sg 
Shettles, however 
reported that hur 
type of sparm hea 
trally located roum- 
and contained a c 
According to Shett 
are nuclear mater 
generally thought: t 
the mature sperm Ł 
thin covermg over 





hvironment might favour 
a acid environment that 
but equally unrewarding 
nmmunological differences 
zos, three methods have 
‘or seperate them. One 
3 there is a difference 
'X end Y spermatozoa, 
be separated in a special 
test this possibility have 
zoa by Lindahl'; but 
hopeful at one time, the 
that, sb present, this 
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‘faces and that all of 
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sperm heads. Shettlea went on to say that, in one 
sperm head, three observers independently counted 
eighteen discrete chromogomes. This is the first time 
that chromosomes have been ‘observed’ in a mature 
sperm head, it having been universally agreed before 
that discrete chromosomes are not visible in the 
mature spermatozoon. 

Although X and Y spermatozoa might have been 
expected to be present in spprorima tiy equal 
numbers, Shettles made no reference to having 
counted the two types, which is surprising considermg 
the importance of his claim and the ease with which 
the two types could have been counted. 

One photomicrograph, described by Shetiles as 
being of a human sperm head, shows that the head 
in question ia no less than 30u long, whereas the 
average human sperm head is Su long. 

From what has been said, Shettlea’s claim should 
clearly not be accepted. The question at issue is: 
what, in reality, did he observe? Were the round 
and long black masses distorted vacuoles which occur 
inside human sperm heads—distorted because of the 
unusual optical system Shettles used, or because, 
when dry, human toroa, which are far from 
being solids of revolution, do not always settle on 
the microscope slide in the same way? Or were the 
ee Oe 
demonstrated if crystals in dried human seminal 
plasma are examined with phase contrast at different 
focal depths ? 

To sum up, there is so far no evidence that physical 
differences have been found between X and *Y 
spermatozoa. 


ROTHSCHILD 
Department of Zoology, 
. Cambridge. 
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Tum methods of fixation and human 
spermatozoa in the pasb for bright light and electron 
microscopy result in alterations and coalescence of 
the head contents into one mass—a very unnatural 
state. Consequently, as a result of these changes, 
the nuclear material of the human spermatozoan 
head has always appeared very uniform and homo- 
geneous in appearance. It was therefore undesirable 
to consider the chromatin material in such a state 
to be normal for the spermatozoan head as it enters 
the ovum and comes in contact with the egg egg pro- 
nuoleus. In his “Developmental Anstomy” (sixth 
edition, 1954), L. B. Arey states, ‘“The interior of the 
head contains the tightly packed chromosomes of 
the sperm cell’. 

More than a hundred men have now been studied, 
and the two distinct populations have been repeatedly 
observed in every semen specimen regarding head and 
nuclear sıze and shape, the position, size and shape 
of the most central chromosomal mass and the pattern. 
of reflected light. The most central mass in each 
cf head is unequivocally Feulgen-positive, as well 
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as the other compact ‘chromatin maes considered 
to be the autosomes. Twenty-three chromosomal 
masses have been counted in some of the rounded 
type of heads. 

The vacuole depicted in the fixed material of the 
past in bright light and electron microscopic studies 
can be explained as representing a section taken 
through tho heed just beside the most central chromo- 
somal mase (Fig. 1). 

Contrary to previous teaching, the ratio of the 
two types of heads varies from man to man ; in most 
specimens thus far studied, the rounded type pre- 
domimates. This problem is being studied regarding 
sex of offspring possibly already produced, frequency 
of emission and age of individual. Any difference in 
migratory rates of the two types is also bemg mvesti- 
gated. 

The final + of the illustration referred 
to by Lord Rothschild and published in my com- 
munication of May 21, being enlarged nearly 
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10,000 times, and its reduction 
by the do not permit 
one to ee the origmel size 
of the head m mirons from 
final The length 
ne eee heads 1s often 
cited tc very from 5 to 8p; in 
fact, uz some men studied, the 
larger, normal, -longate types 
heads 15¢ in length. 

With a phase-contrast micro- 
scope ac hand, a semen specimen 
end slides, one can prepare 
„ando the findings reported in 
smears diroctly wishin just a few 
minutes At least 25 different 
competent observers have been 
shown ‘preparatiors; each indi- 
vidual has agreed regarding the 
two povulations. 

Tt hus also bæn found that 
the tw» populations can be secn 
in dried smears viewed in bright 
light microscopy, with propor ed- 
justmert of hght intensity. More- 
over, the drfferecces in nuclear 
morphology heve been noted in 
very thm smears >f seminal finid 
with Lmg spermatozoa mamobil- 
ized by means of an atmosphere 
of oarbcn dioxide (Jig. 1). Further- 

, hin, wet smears observed 
before, during ard aftcr drying 
under the phase contrast objectrve 
of the Zeiss micrcacope show the 
two, distinct types >f heads. Agam, 
in theea the Feulgen test is con- 
firmatory. 

There 19 an exact pattern of 
arrangement of the Feulgen- 
positive, conoentrically arranged 
chromo3zomal maternal around the 
most central chrcmosome in the 
smaller rounded tpe of head, and 
an ovor pattern ir the more elong- 

o (Fig. 2). Two, most de- 
pend ,  oytogensticista have 
already a and confirmed the 
findings reported regarding the two, 
distinct populations. 

LANDEUIX B. SHETTLES 
Department of Obstetrics and Gynecology, 

College of Physiciars and Surgeons, 

Columbia Universty, and the 

Sloane Hospital far Women, 
New York Vity. 


Note 


Reape Dr. Shetitles’s first communication! leaves 
one with a variety of disturbing thoughts. Should one 
be able to hurdle the oxmpounded artefacts of air- 
dried shrinkage and phas3-contrast optical aberration, 
there still remain the mutters of icterpretation and 
communioation. Agreeirg, but only for the moment, 
with Dr. Shettles that Tis Fig. 1 shows “no inter- 
mediate types”, wherein hes his evidence for specify- 
ing the “most central chromosome” either m theory 
or in Fig. 8? Furthermore, in the ligat of considerable 
recent conseming even the extent and 
outlme of sperm. nucleus, based on cytochemical 
and electron-micrograpnic preparations, the de- 
scription of the ultrastcuctural pastern of nuclear 
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Fg 1. Neopanope lecuns nyi Smith) g : (e) domal view of 
whols b) outer t ohola , (0) abdomen 
animal, (b) outer view nah pe) (0) 


Inner orbital angle notched. Antero-lateral borders 
of carapace with five teeth, including outer orbital 
angle: second rounded and fused wrth first; third, 
fourth and fifth sharp and well defined, third and 
fourth recurved forwards and fifth pointing laterally. 
Surface smooth except for fine granulations (not 
Pitted). Ohela (Fig. la and b) slightly unequal m 
size, inflated and amooth. Walking legs (Fig. la) all 
subequal in length ; distal parte, particularly propus 
and dactylus, fairly densely fringed with fine sete. 
Legs and bases of chelem scattered with longer, 
plumosge sets: which often appear club-shaped owmg 
to the adherence of detritus. Abdomen of male 
(Fig. lc) with segments 3, 4 and 5 fused; narrowest 
between fused segments and segment 6; segment 7 

i . Abdomen of female broadly rounded and 
very densely fringed with setw. Colour of dorsal 
surfaces reddish-brown. Ventral surfaces yellow. 
Fingers of chele dark brown. Males with the deeply 
pigmented area of the fixed finger having ita border 
extended postero-dorsally in a lobe on each side 
(Fig. 1b) ; pigmented area leas extensive m the female 
and posterior border not lobed. Extreme trps of 
chele lighter in colour. Sise : the breadth x length 
measurements (mm.) of the carapace of ten specumens 
were aa follows: males, 30 x 21, 30 x 21, 20 x 21, 
29 x 20, 26 x 19, 26 x 18-5, 24 x 17, 23 x 16, 
17 x 13; female, 21 x 16. 

Neopanope terana sayi differs in several respecta 
from N. t. texana, a closely related form, which has, m 
particular, light-coloured fingers on, the chele and has 

and more extensively produced lateral teeth 
on carapace!. N. t. terana is & more subtropical 
form which is found m the Florida Keys and in the 
Gulf of Mexico. In Britain the immigrant Neopanope 
shows superficial similarities with native species of 
Xaniho but rb may be distinguished from the latter 
genus on several pomte’. In Neopanope the carapace 
is more convex than in Xantho, while the surfaces of 
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the carapace and chele are smooth and not pitted. Table 1. Bucovmnr OF BARTEYORMS FROX NIIE BOIL BY 


They are pitted in the British forms Xantho snoisus 
Leach and X. pilipes Milne Edwards. In Xantho, 
moreover, the second lateral tooth on the carapace is 

more distinct than in Neopanope and 
teeth 3 and 4 are not recurved forwards. 

I am to Dr. Isabella Gordon and Mr. R. 
Ingle for their help at the British Museum (Natural 
History). Mr. W. A. O. Morris kindly provided 
information about shipping which operates between 
North America and Swansea. 


E. NAYLOR 
Department of Zoology, 
University College of Swansea. 
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Earthworm Population Studies : a 
Comparison of Sampling Methods 


Svanpsan! showed that the estimate of an earth- 
worm population obtained by hand sorting soil 
samples was much greater than that by the 
prevalent method of bringmg worms to the soil 
suyface with potassium permanganate solution, and 
so emphasized that, although laborious, hand sorting 
was more accurate for population studies. The 
accuracy of estimates by hand sorting has not been 
studied but is likely to depend on soil type and 
conditions, as well as on the time and care taken to 
examine the sample. One way to estimate acouracy 
is to see how many worms can be recovered when 
Oe een ee ee 


While investigating the role of earthworms when 
marginal land is reclaimed, their abundance had to 
be estimated in plots on a hill farm in 
Lancashire where the soil is relatively shallow, has a 
poor, unstable structure, and is covered by & surface 
mat of vegetation. This mat and the underlying 
soil were usually wet and often waterlogged, and 
preliminary work showed that the earthworms were 
confined to the top few inches of the soil profile. Soil 
sernples were taken for hand sorting, and, to estimate 
the proportion of the population counted in this way, 
9 of the sorted samples, 3 from each of 3 experianced 
workers, were examined again in the following way. 

The vegetation was separated from the mineral 
fraction by gently washing and shaking the sample 
in a 2-mm. sieve suspended within a 0-5-mm. sieve 
standing in a bowl of water. Worms were then 
collected from the vegatation by teasing it in another 
bowl of water containing a few 0.0. of formalin to 


2-mm. sieve into the 0-5-mm. sieve, so freeing any 
worms from soil crumbs, this sieve was shaken in the 
water for a time to allow silt to pass through it. 
It was then immersed in magnesium sulphate solution, 
of density 1:2, when the worms floated and were 
collected. 
Table 1 shows that hand sorting recovered 52 per 
cent of all the worms found in the samples. This 
to 84 per cent of the weight, which 
ehows that hand sorting mainly misses the smaller 
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Worms | Additional Peron tage 
found worms Total found 
by hand | found by |fomd | by hand 
al Number | 256 | 386 492 52 
(gm.) 18 47 2-55 16 02 a 
Eisemela | Number 125 208 383 38 
tarasdira | Weight 
(gm.) 238 1°81 4:19 87 
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worms, How this selective loss oan affect population 
estimates is well shown by the resalte for a small 
species such as Hisenieka tetraedra.: Hand sorting 
recovered. only 38 per cent of the total number and 
67 per cent of the total -reight of this species found 
in the samples and suggested that it comprised 49 
per cent of the total number and 1E per cent of the 
total weight of all species- When the worms recovered 
by ing are included, Æ. tetrasd-a comprised 68 
per cent of the total number and 2€ per cent of the 
total weight of the popuBtion. Cleerly hand sortmg 
was unsatisfactory for this habitat, and the washing 
method, though no more laborious, was preferable. 
In similar tests with soil samplœ from grassland 
with no surface mat on # light, wel-drained soil at 
Wisbech, and from a brevier, wel-drained soil at 
Rothamsted, 89 per cent of the toral number and 
95 per cent of the total weight fourd was recovered 
by hand sorting, which was also mcoh quicker than 
ing. In contrast, hand sorting samples from an 
old le fleld with heavy soil and poor structure 
recovered only 59 per cent of the tstal number and 
90 per cent of the total weight found and was no 
E A 
method mot only provides a check on 
the ie yee of hand sorting, but, fer some habitats, 
also provides a much mere accurate estimate of the 
earthworm population. The washng method has 
the further advantage that it can be adapted to extract 
earthworm egg capsules and so estimate all stages of 
the population. 
Entomology Department, 
Experimental Station, 


Harpenden, Herts. 
Jan 27. 


1 Svendsen, J. A., ature, 178, 864 (1055). 
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Modification of the Neurocranium in 
_ Zygaena malleus and the Nature of the 
Optic Stelk In Selachii 


Gnuiay in Selachii, betweer. the nasal and 
auditory capsules, on esch aide, are the orbits m 
which the eyes are lodged. The orb is overhung by 
the supraorbital i which extends anteriorly 
and posteriorly to the orbit as thw pre- and post- 


orbital processes ively. The optic capsule, 
ahiak ik wopresentod Gy the ealarot. cartilage: does 
not fuse with the brain-case, as the nasal and auditory 
capsules do ; but it is held away frora the orbital wall 
by the cartilaginous optic stalk, wh.ch is proximally 
fused with the orbital wall. 
In Zygasna malleus only the most anigrior and 
most posterior parte of the supraorkital cartilage are 
represented, forming ths pre- and -post-orbital pro- 
cees. The orbit (Fig. 1,0r.) has retained a secondary 


| 
| 


ormal development and 
| The preorbital 
wo arising far away from 
laterally to form a bifur- 
be of which is extended 
EAE nate and the 
y. The postorbital 
ewhat flattened, doubly 
ended laterally from the 
tory capsule to become 
‘ior lobe of the preorbital 
a the space lymg between 
‘eorbital process and ita 
id with the distal end of 
“hus the original orbit, 
neurocrania adhermg to 
aterally according to the 
of both the pre- and 
1 position of the orbit is 
and due to the modifica- 
rium is subjected. 





s & long, tapermg, carti- 
rds from the orbit, until 
the orbital wal. It 8 

n the neurocranium, and 
terminal expansion 

i On reviewing the 
bure of the optic stalk in 
s were fo ; the first 
‘a lateral extension from 
ital wallt, and the second. 
x appears independently 
y fused with the orbital] 
it is seen that the optio 

y and extends inwards 
of the orbital wall. This 

T eet S 
extends from the eye 

h which rt is secondarily 
occurs as the orbit lies 

1 it seems to be a means 
Weus, where the orbit is 
ital wall, the optic stalk 
aur states that the base 
ii is always composed of 
the met of tha stalk, and 

æg to the neurocranium 
talk. Hamdy* and El- 
, 1 that the selachian optic 
, homogeneous tissue. Tt 
Da eee 
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respect is nothing but the place of the secondary 
SON ee Peso) ithe ope aval R Eei 


A. R. Haor 
I. Zoological Institute, 
University of Vienna. 
Harrison, B. M., J. Morph., §8 (1931). 
Hl-Toubi, M. B., J. Morph., 84 Gee 


Plant Hormone Activity: Stilbastrol 
applied to the Wheat Seedling 


THA presence in plants of substances having 
estrogenic activity has been known for some time, 
estrone, estmol and cestrogenic tso-flavones having 
been isolated from a number of plante!. Many plant 
hormones are also known to exhibit hypo-glyommio 


Atlee phrase yasotls and chloro-benzoic acids ron 


sotivity of synthetic csirogans on the roote of tho 


vine 1 shows the tropic response of the roota of 
wheat grains germinated on, the surface of an agar 
water gel containing 50 p.p.m. of stilbestrol. This 
response followed when the roots approached the 
surface at an angle ; those which touched it in a near 
vertical position grew into the gel, though at a rate 
only about a twentieth that of roots growing into 
pure agar gel. A vigorous and certain response was 
also only obtained when the gel was freshly prepared, 
probably because this concentration of stilbmetrol 
is about three times ita true solubility at room 
temperature and its strength gradually falls aa 
crystallization takes place. 

An alternative method of demonstrating the effect 
was to germinate the grain in water until the roots 





Fig. 1. Ourvature of roots of germinating wheat Induced by 
sulbostrol 
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were a few millimetres long, when it was transferred 
to a block of pure agar gel placed in a Petri dish. By 
placing the grain so that 1-2 mm. only of the root tip 
overhung the edge of the agar and keeping the dish 
covered, the roots were kept sufficiently moist to 
maintain growth. Stilbostrol was lied as a 
minute orystal to one side of the tip. Curvature of 
the root was first noticeable after a ‘a 
2 hr., the curvature indicating i growth on 

the side to which stilbastrol had been applied. 
Curvature also occurred in other testa, following the 
application of stilbcstrol, when the root was in a 
vertical position. When stilbostrol was applied 
mixed with lanolin or ‘Vaseline’, in the manner used. 
suoccesefully in the testing of surin activity, no 

was obtained. The 


that the greasy base failed to adhere to the moist root ` 
surface. 


Using this method of direct application to the root, 
an attempt was made to distinguish the sensitive 
region. Curvature occurred in the region of extension 
growth a little way behind the tip, but application of 
stilboestrol at this point was not effective. The 
sengitive region was found to be approximately the 
root-cap, and application outside this area had no 
effect 


The coleoptile appeared to be insensitive to stilb- 
se caer Far ere e S pane 
or as & minute orystal applied to one 


at the surface of a cut made completely through the 
tiuo. The application was made at various regions 
near the tip and at different stages in the growth of 
the coleoptile. Tests were made on grains held m 
the dark and in the light, but no curvature was 


co-workers found activity in other com- 
pounds ing the basio di-phenyl structure of 
stilbwstrol’. Five of these compounds and three 
natural steroids have been tested. 


droxydiphenyl induced & alight curvature, 
but 22 dih iphenyl was inactive. No 
‘activity was shown. @etrone, costradiol, castradiol 


Phenol in agar in a range of concentration from 
0-1 to 400 p.p.m. produced no curvature, but ab 
400 ppm. it inhibited growth. When applied 
direct to the root, the two dihydroxydiphenyls 
damaged the tissues at the point of application and 
the meristem afterwards died. Dilution by thorough 
mixing with five to ten parte of an inert subetance was 


mente 

When hexœstrol waa applied direct to the root, 
curvature followed aa with stilboestrol. Legs-certain 
and sometimes feeble resulta were obtained, however, 
from a solution in agar. This was probably the result 
of ite lower solubility in water-as co with 
stilbæstrol E Sa avg ti lara ae 
were measured, using & p-nitroanilme reagent* and 
Rompaxiiia tha oolane de valance wits shandasd acres 

with warm solution. They were 7 and 
15 p.p.m. respectively. 

Interpretation of the resulta is ċompliosted by the 
different solubilities in water of the materials tested. 
ee ee 
which were ineffective, are leas soluble than the 
synthetic estrogens, and this will affect their rate of 
movement into and within the root. The same 
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consideration applies to diphenylethane and stilbene, 
both of which were faund by Dodda to possess 
activity. They had no sctivity when applied to the 
root, but the more soluble 44 dikydroxydiphenyl, 
which also possesses wetrogenic activity, produced 
slight curvature. By evaporating so-utions saturated 
at room tem ani weighing-the residue, tho 
solubilities of stilbene and 44 diphenyl 
were found to be of the order of 1D and 70 p.p.m. 
. The damage to the roos tissue folowing 
the direct application of the dih-droxydiphenyis, 
which was not observed with any cf the other sub- 
stancea, may also be due in part +o thoir greater 
solubility. 
Stilbestrol was complesely ineffecuve in producmg 
curvature im the coleoptile under the conditions 


extension. This leaves it&xmode of action unexplained. 
A stimulating effect of stilbosird, œstrone and 
oestradiol on cell division in mouse eer epidermis held 
in tissue culture has beer reported’. Such an effect, 
if it can be demonstrated in roota, would provide an 
explanation of our observations, but ib is apparently 
contradicted by the conmderable check in growth of 
those roots which actually grew into the gel containing 
stilbæstrol. 

Our thanks are due to Sir Charles Dodds and Prof. 
L. J. Audus for their advise in the pr=paration of this 


communication. 
J-J. O. Horrox 
T. Moran 


Research Association of Eritish Flour Millers, 
Cereals Research Statzon, St. Albans. 


+ and White, D. E, “Viteamcns and Hormones’, 


18, Tosi. 
2 Arsky, L A., Proo. Teatan Hormone Oof.: 1964 (Acad. Press, 


Ina, New York, 1957) 
I5 and Live, D., Ark. 1 (104. 
Ti nd Love, D. drè Bot, A, 38,1 (104: ); yia Andos, L 7, 
t Went, F. W. Rec. Tres. Bot. Maleri, 35, 1 (1628). 
* Dodds, E. C., ‘Vitamins and Hormones”, 3, “BO (1945). 
* Brain, T., Biochem. J., 53, SOC (1953). 
1 Bullough, W. 8., “Vitamins and Hormones”, E, 261 (1085), 


Relative Lengths of Leaf Sheath and Blade 
with Reference to the Developmental Stages 
of the Rice Plant 


DOTERENT vegetative characters sre taken into 
consideration for deacrib-ng the mcividual groups 
and varieties of rice (Oryza sativa L.), but little 
importance has so far beer attached to the behaviour 
of the plants with regard to the ratÐ of the length 
of leaf sheath to that of baf blade. With the view 
of studying the sequences of the retioe in all the 


namely, F.R.134 (aman). 

(boro). 

Seeds of the three varieties were Grectly sown in 
pota on June 10, 1959. The lengthe of leaf sheath 
and blade were measured periodically, and this 
recording was continued cp to the harvesting time. 
The individual length of the leaf seeths and leaf 
blades as indicated in the graphs (igs. 1 and 2) 
represented an average of about 21 m=asurpments. 

The number of leaves on the main culm was 
recorded to be 18, 11 and I4 im F.R.134, Satitka and 
O.B.1 respectively ; their hard cukn bases were 
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mn 5, 1 and 3 long internodes 
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16 node of the main culm 
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The sheaths m almost all the three varieties 
continued to increase in length until the begmnmg 
of mternode elongation. The length of leaf blades, 
however, showed a gradual rise from the second to 
the eighth m Sattka and to the eleventh in 0.8.1. 
In both of them with the formation of long internodes 
the length of the leaf blade recorded an abrupt jump 
and continued to rise until a fall was noted in the last 
three leaves (Fig. 1). 

The sheath/blade ratio of the second leaf was 
usually more than unity in Satka and O.B.1 and 
slightly leas in F.R.134. In most of the later-formed 
leaves, the ratios were, however, far leas than unity. 
In Saka and O.B.1 the sheath/blade ratios Increased 
distinctly from the fourth leaf onwards up to the leaf 
developing before the formation of long internodes, 
but wrth the initiation of internode elongation they 
showed a definite and gradual fall up to the eighth 
and eleventh leaf respectively, that is, the fourth 
leaf from the termmal ear leaf (Fig. 2). 

The ratios in the tenth leaf of Satika and thirteenth 
leaf of O.B.1 (that is, the second from the terminal 
one) showed a sharp rise from those of the leaves 
deyelsping in the culm elongation phase, when the 

ear promordium was noted to have already eid a 
fairly distinctly. In the ear leaf of Satika and O 
the ratio was slightly less than unity, which was 
more in F.R.13A. The variation in leaf size develo 
mg during the oar formation may result from 
great consumption of and a drop m carbon/ 
nitrogen ratio as indicated Naga". Although ear 
formation becomes apparent from the ear leaf ha 
a blade relatively shorter and broader, this indication 
could also be noted even much earlier from the mze 
variation of the leaf developing just before the ear leaf. 

The culm elongation phase has been noted to be 
accompanied by a definite fall in sheath/blade ratios, 
when the main culm forms more than half the total 
number of leaves in P.R.18A, Saitka and O.B.1. 
Eer formation is evident much earlier from the 
higher sheath/blade ratio of the leaf, second from the 
terminal leaf. 

I am grateful to Dr. B. C. Kundu, director of this 
Institute, for the facilities to carry out the work and 
also to the National Institute of Sciences of India for 
the award of a Senior Research Fellowship. 


B. Sana 
Jute Agricultural Research Institute, 
Barrackpore, 24, Parganas, 
West Bengal, India. 
March 14. 


1 Ramiab, K, and Rao, MB. Y. N., “Rioo and Geneties” 
(The Indian Oouncil of Agricultural Research, 1983). 
"Nagal L, “Te Rios: Its Breeding and Onlture’ (Yokendo, 
‘okyo, 1 ). K 


SOIL SCIENCE 


Ammonia released on Treating Solis with 

N Sodium Hydroxide as a Possible Means 

of predicting the Nitrogen-supplying Power 
of Soils 


Tas only reliable method at present available for 
estimating the potential nitrogen-supplying power to 
crops of the organio ni ous fraction. of soils is 
the incubation procedure. this, souls are incubated 
under optimum conditions of moisture and tempera- 
ture for periods of two weeks or longer and the 
quantity of nitrogen mineralized taken as a measure 
of their nitrogen-supplymg power. Many workers 
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have shown good correlations between the amount of 
nitrogen mineralized ing incubation and crop 
roduction. These results have been well summarized 

Harmsen and van Schreven!. The maim drawbacks 

of the incubation method are the length of time 
required and the relative tediousness involved in 
extracting and determining mineralized nitrogen. A 
quicker method which also requires leas manipulation 
is obviously desirable, particularly where large 
numbers of samples sre being tested, such as in 
advisory work. 
In some studies being carried out with the view of 
determining whether any single fraction of the soil 
organic nitrogen contributed to the nitrogen mineral- 
ized during incubation, it was noted for a number of 
soils that the amount of ammonia released on treating 
them with N sodmm hydroxide was positively 
correlated with the amount of nitrogen mineralized 
during incubation of the soils. In order to see if 
this relationship held for a large variety of cultivated 
souls the two methods were tested on 48 garden and 
PLO core revenge neers eye 
with total nitrogen of 0:01-0:85 per cent, and pH of 
418-2, and including 13 soils containing free chalk. 
The soils were sampled during November and 
December after digging and subjected to the two 
procedures within two weeks of being air-dried. 
After rubbiig the soils through a 2-mm. sieve, the 
incubation test was carried oub as previously 
described? (3 weeks incubation at 28° C. with mois- 
ture content adjusted to 33 per cent of the maximum 
wattr-holding capacity of the soils) and mineral 
nitrogen was extracted with N sodium chloride and 
determined by the Bremner-Shaw modification? of 
the Conway microdiffusion method. The air-dried 
soils were also analysed for extractable mimeral 
nitrogen in the same way, the differences between the 
two resulte giving the amounts of nitrogen mineralized 
siding molei The ‘Perspex’ cells used in the 
Bremner-Shaw method were also found to be very 
satisfactory for d ining the release of ammonia 
on, treating the soils with alkali. After preliminary 
studies on the effect of varying the soil : alkali ratio, 
degree of agitation and time, the following ure 
was ad. : 2 gm. air-dried 2-mm.-si soils and 
5 ml. N sodium hydroxide were placed in the outer 
rmg of the cell without mixing, and 2 ml. 2 per oent 
borio acid was placed in the central chamber. After 
sealing the lid with the gum acacia fixative the cell 
was rotated gently for about 80 sec. to mix the 
contents of the outer ring, allowed to stand for about 
l hr., agitated in for about 30 seo. and then 
pissed 48 dn, inecbator ab G8" far 40-48, Ee. The 
ammonia absorbed by the boric acid was determined 
by titration with standard acid using a methyl-red— 
methylene bine indicator*. 

Fig. 1 shows the relati ip between results 
obtamed by the two methods. the diagram tho 
soils are indicated in three groups, namely, calcareous 
soils, those with pH>6 and those with pH<6. The 
linear correlation coefficient is 0-845 and is very 
highly significant. The pattern of the relationship 
appears to be independent of soil pH and the presence 
of free chalk. Most of the acid soils give relatively 
low values, while most of the chalky soils give high 
qe blues, for both determinations. The amount of 

ammonia released on treating the soils with N sodium 
hydroxide averaged four times that mineralized 
during incubation, and accounted for an average of 
8 per cent of the total nitrogen present in the soils. 
The action of the alkali presumably resulta in the 
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Xlirogen mineralized durtag 3 sa Inoubation at 28° O, 
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Ammonia released on treatingsoll with N socium hydroxide 
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: between nı 
8 weeks Incubetion and ammonfs released on treating solls 
hydroxide. Linear correlation cosffictent = 0-845, 
©, Onalearcous soils; O, sour mih pH >e: x, souls with 
P? 


hydrolysis of a certain amount of the organic nitro- 
genous materials present, resulting in the release of 
ammonia from the amide linkages o? proteins and 
possibly also from other saurces*. 

In spite of the high correlation between the resulta 
ley ie by the le methods, individual variations 
are fairly high. ence omy an approximate predio- 
tion of nitrogen mineralized during incubation can, be 
obtained from a knowledge of the amocnt of ammonia 
released on treatmg the soil-with N sod-mm hydroxide. 
However, the method may be useful for advisory 
purposes and also for screening soils tefore applying 
the more tedious incubation procedure. 


A. H. OOENTEÆLD 
Agricultural Chemistry Laboratory, 
Imperial College of Science and Technology, 
London, 8.W.7. 
TBE W., and van Sohrevn, D. A., Ade Apronomy, 7, 200 


* Cornfield, A. F, J. Sol. Food Acre., 8, 848 (1552), 

* Bremmer, J. M., and Shaw, K., Agric. Soil, OB, 320 (1085). 

* Yuen, 8. H., and Pollard, A. G., Z. Sot. Food Acris., 4, 490 (1958). 
* Bremner, J. M., J. Agric, Sci., IE. 183 (1949). 


Aluminium Interlayers in Clay Minerals, 
Montmorillonite and Vermicullite : 
Laboratory Synthesis 
ALUMINIUM interlayers in pure montmorillonite 
and vermiculite have been. produced experimentally 
as proposed in an earlier communicstion!. Thege 
EE patorlayers resulted in a stable 14-A. 
spacing a uced cation exchange capacity 
analogous to the stable spacing** and reduced - 


The interlayers were experimentally introduced 
under conditions resembling those where interlayers 
are naturally found: abundant slumicium ions and 


"es 





um chloride (0-1 N} solution 
a alow dropwise addition of 
` The solution waa stirred 
Isly. The montmorillonite 
wero washed by five centri- 
in the aluminium solution, 
n suspended in the sohition 
1 days, being occasionally 


EAE PEE EEA 
100° C. for 2 hr. and then at 
Pona tracings of X-ray 

ə oriented specimens of 
Pe oe 
nFig.1. The 14-A. spacing 
lid not close to 10 A. even 


IB pimesi saturation. In 
original montmorillonite 
2 10 A. on saturation with 
the laboratory introduction 

into montmorillonite and 
lays that resembled the 
paner 14-Å. spacing and the 


were also uoed by 


slays with 1-0 N aluminium 
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iNO AFTER DUCTION OF ÀLUXONIUA 
ai INTALA a 
Fraction 
Samples oxo 
= R an 
vermiculite < 
Putnam clay <0 








chloride solution, and then raising the pH of the 
suspension to 5 And setting the suspension aside for 
fifteen, days. 

The introduction of aluminium inter coe Gages m both 
montmorillonite. and vermuculite ca 
Soke Glo sa etna ec oe 
minerals as determined by the method of Sawhney 
& al.*. Introduction of the interlayers decreased the 
ex capacity 45 and 58 per oent in the vermicu- 
lite and 23 and 80 per oent in the mon 
(Table 1). The laboratory introduction of aluminium 
interlayors into montmorillonite and vermiculite 
thus produced. clays that resembled the chloritized 
soil clays in their reduced exchange capacity. - 

When chlorttized soil clays were extracted “with 


_citrate® for the removal of aluminium interleyers, their 


exchange capacity increased and their 14-A. spacing 
collapsed to 10 on saturation with potagsium‘. 
Also, when the samples with aluminium interlayer 
produced in the laboratory were extracted with 
citrate, the 14-A. spacing collapsed to 10 A. on pétas- 
sion, saturation, and the exchange capacity increasod 
to that of the original minerals. 

The laboratory formation of alammrum interlayers 
in expanding layer silicates, and the similar behavionr , 
of the laboratory producta and the natural soil clays 
lend further support to the hypothesis that ‘chlor- 
Itization’ of soil montmorillonite and vermiculite 
gives rise to the stable 14-A. spacing, which has 
characteristica tending towards those of chlorite. 
The different degrees of chloritization in soil clays is 
shown by the varying stability of the 14-A. spacing, 
and also by the varying increase in exchange capacity 
elicited by the removal of aluminium interlayers‘. 
The aluminium interlayers are probably comprised 
of the polymers* of Al(OH),+ 10ns, which are most 
abundant at pH 5, 

Aluminium interlayer formation or ‘chloritisation’ 

in expending layer silicates in soils is analogous to 
diac ae of chlorite in sedimenta”. The cationic 


observed in soil clays. The chloritization process in 
both sedimenta and soils prodaces‘s 14-A. spacing, 
more stable than that of vermiculite but less stable 
than that of hydrothermal chlorite. 


B. L. Sawmvry 


of Soils and Olimstology, 
The Connecticut Agricultural Experiment Station, 
New Haven, Connecticut. 


1 Sawhney, B. L., Nature, 18%, 1505 (1058). 
PR Ee Te nn ae Ree ee 


2 Tamura, T., J. Seil Soi., 9, 141 (1058). -~ 
‘ Sawhney, B. L, SoU Set. Soc, Amer. Proc, (in the press). 
i t a L., Jackson, M. L., and Corey, B. B., Soil Sei., 87, 143 


* Ruff, J. K, and Tyree, 8. Yu J. Amer, Chem. Soc., 80, 1028 (1958). 
probas T: D., Grim, R. R., and Bradley, W. F., J. Sed. Pat., WH, 242 
(1954). 
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FORTHCOMING EVENTS ` 


Monday, July 1@—Friday, July 22 
mee B.A.) (at Obureh H West- 
HE NATIONAL FOUNDATION EED, too am. | ) (a aig Fouse, 
. _ Tuesday, ag 19 5, 
-PLasrtos peice let t the British Plastia Federation, 47/48 
Picadilly, London, W.1), at 2.16 p.m.—aAnnual General Meoting. 
g Wednesday, July 20 


ROTAL ra), a 10st en 
London, W.1), at 10.15 am.—. 
Chromosomes and the Theory 
“New Hortzons in Organic 


Todd, F.B.S, : sop ery ea 

Lectures). 

Eines gee ute Bere pos cea 
a On, , 

T.B.8.. Tie Pohu SN Power Plant Design” pm— 

Prof, O. F. Borel PRS i uaar Study of Nuokear ores 

produosd by of Mnecgy”’ (Tercentenary Lectures). 


RoraL socurr Soren, Lines 
i Peta London, W.O2), af at Loa bya of Medavwar, oha 
e a PRBS E kon Se Pets 
Fuso na Lectures). : 
nwt Thursday, July 21—Wednesday, July 27 
Deererorion OF ELECTKIOAL HNGDTEERS, os AND Oo Oou- 
ARTA A FOR ME OAS RIDA Aeri Lone Wid) 
Third Interne Conference on a a 
Saturday, July 23 


Roran Bomury (ab the Beyeridgs Hall, Untversity. of London; 
London, W.0.1), at 10.15 am.-—Dr. bead Hodgkin, F.R.B.: 
Apoie in’ Gyula” Ciereontenary Lecture). 


Boran Soomrr m the Royal tee oa Stress, 
London, W.1), at 10.15 am.—. , A. 0. B. O.B.E, F.R.B. : 
Investigation of the Universe by Radio Astronomy” (Teroen- 


Lecture). = 
natn Loan WOR ibs oe Brot, Aey Br Wiguies worth, 
orn FRS, : The’ Metamorphosis i  (Tercentenary 


APPOINTMENTS VACANT 


ms are Invited for the following appotniments an or 
Lene nt 
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before the Tee 

Aster LECTURER woman) w OaMMisrry—-The Prin- 
apal, Boyal Hohowar S (Univesity of Londen), Engieðald 


and 


Im Payrulos—The Hegistrar, Queen Mary 
London, B.1 (July 22). 
with experience 


of carcinogenssis—The 


seta 
ottnghan (aiy a 
sda Cg’ iter, The Uni- 


, The University, N 
an 


Teen, rete, BW al Tie al ana 
BENOR LACTUIER Ja (male, British, with a frst- or 
second-class honours in physieal or 


NATURE 


263 


METALLURGY DITAETHENT, BN. 
—The Dtreetor (P/3), Naval Bdncation 
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~HE Royal Society of London for Improving 

Natural Knowledge”, as the Society is described 
in its second charter of 1668, is celebrating the three 
hundredth anniversary of ita foundation, and the 
presidential ‘address by Sir Cyril Hinshelwood is 
printed in this iue (p. 274). Thus the Society is 
one of the oldest learned institutions in the world and 


is unique in ita unbroken record of activity. During- 


the years, its influence has varied in response to the 
circumstances of history, but it is worth emphasizing 
that even during. periods of great national ‘stress, 
such as the Napoleanio Wars, its Fellows were able 
+0 continue their investigations and even to corre- 
spond actively with, and to meet, scientific colleagues 
in other countries. 

From its beginnings with private meetings in 
Oxford and London, the Royal Society has advanced, 
under a succession af presidents and 
officers, keeping in touch with current affairs, and 
Steadily establishing the world-wide prestige in which 
it is now held. This curious combination of respect 
for the past and ite gracious ways—the Socisty’s 
present meeting room with the out-moded arrange- 
mept of the officers’ seats is a case in pommt—with 
lively concern for modern topios, such as space re- 
search, is perhaps typical. The Society provides an 
outstanding example of adaptation or evolution in the 
conduct of human affairs. 

It is not always realized how wide is the range of 
activity of the Royal Society in modern times. Thus 
it not only provides a forum for the discussion and 
publication of scientific papers, but also undertakes 
a number of public responsibilities. It is the ‘adhering 
organization’ for the United Kingdom with regard to 
the International Council of Scientific Unions and 
appoints delegates for meetings of the Council and 
of the several component Unions. This is done 
through national committees for the several subjecta 
represented by the International Unions. On behalf 
of the Committee of the Privy Council for Scientific 
and Industrial Research, the Royal Society is 
-Tesponsible for the management of the scientific work 
of the National Physical Laboratory. It also takes 
an important part m the management of the affairs 
of the Royal Greenwich Obeervatory, and it is the 
custodian of one of the four copies of the Imperial 
standard yard and pound. The Society also appoints 
or nominates representatives to the governing bodies 
of the British Museum, the Spectator Committee, 
the Times Holding Company, and many scientific 
bodies, research institutions, schools, eto. In this 
way the Society is enabled to keep in touch with the 
changing scene, and also to give advice and counsel. 
A number of trust fonds providing for research 
appointments are also administered by the Society. 
In addition, it is responsible for Parliamentary 
grants-in-aid for scientific investigations, for scientific 
publications and for international reeearch associa- 
tions and scientific congresses ; these granis, same of 
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_THE ROYAL | SOCIETY 
“which began in the "ifte of the lest century, have 


grown, to substantial sums, and ther use has proved 
to be of considerable importance, for example, for 
the publication of scientific papers, eto., nob by the 
Royal Society alone, bat through other channels. 
Incidentally, it may be noted that it is specifically 
provided that committees of the Socinty, except those 
dealing with the Society’s domestin affairs and joint 
committees with other bodies, have power to suggest 
to the Council the names of additional mambers who - 
may, or may not, be Fellows of the Society ; and, in 
fact, many ‘of the Society’s cammitzees include non- 
Fellows who are brought in ‘for thair special know- 
The Royal Society now consists of some six hundred 
Fellows and foreign members. Broadly speaking, 
the fellowship is representative of the whole range of 
natural science. That should be so is in part the 
result of the method election. Candidates are 
proposed by Fellows on the basis of their scientific 
the Council, which selects by ballot 3 limited number - 
annually ; at present ths number is twenty-five. It 
is not always realized that in making its recom- 
mendations for election {o the fellowship, the Council 
takes account of the general balance of subject 
interest among the Fellows; by ihis means it is 


- ensured that all subjects are represented, and the 


domination, of the Socisty by sectional interest is 
avoided. This form of 3lection han been criticized, 
but it seams to provide the general balance of interest 
required. In addition, the Council nas the power to 
nominate for elestian, ‘ who... either have 
rendered conspicuous ioe to the cause of science, 
or are such that their plection wuld be of signal 
benefit to the Society” ; the numb=rs are, however, 
limited to one a year tmleæ no ccection has been 
made in any year, in whDh case twomominations can, 
be made in the following year. Foreign members are 
nominated from time to time on tip grounds of the 
eminence of their sciertific attaimments, but not 
more than four can be elected annmaally. Ordinary 
fellowship of the Society-is limited w British subjects 
and citizens of Hire. Women were tardily admitted 
to the Society under a carious statcte which reads: 
“Nothing herein contamed shall render women 
ineligible as candidates’. 

-- Human institutions which have scrvived for three 
hundred years are sufflommtly rare :n these days of 
continual and ever-increasing pressure of ‘events to 
be worthy of special comment. The present high 
esteem in which the Royel Sooiety is-held throughout 
the world is due in part tothe eminemse of its Fellows, 
and in part to the wisdcm with which it discharges 
ita responsibilities to science and to the nation. It 
can now enter on a further century of endeavour, 
adding to the reputation which hes boon steadily 
built up over the years, and sustained by the good 
wishes of scientists thio out the world.. 
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' nd reading.in the House latitude, such financing is intended to be for purposes 
iRoyal Ament on June 8, which are of high priority for development in the 
“the United Kingdom to light of the needs of the areas concerned and, exoept 
' eement of the proposed in special circumstannes, for spécific projects. More- 
| Association, the text of . over, finance is not to be provided by the Association 
jas a White Paper*;, the if, in its opinion, suck finance is available on reason- 
' proved by the exeantive able terma from private sources or Gould bè provided 
-al Bank for Reoonstruc- by a loan of the type made by. the International 
bmission to Governments. Bank. Article I, in fact, defines the purposes of the 
‘29 new Act concern the Association as to provide economic development, 
| ingdom’s subscription to dncreade productivity and thus raise standards of 
lan affliate of the Inter-,. living in the lees-developed areas of the world included 
; organization, and over & within the Association’s membership, particularly by 
. stiption will amount to providing finance to meet their important develop- 
’ Htible sterling. This sub- mental requirements on terms which are flexible and 
‘xt to that of the United bear lees heavily on the balance of peyments than 
| for 820 million dollars out those of conventional loans. 

! ollare, and, like the other’ The Amociation is thus intended to- further: the 
| sroportional to the sub- developmental objectives of the International Bank 
' aal Bank. for Reconstruction and Development and to supple- 
1 March 29, the Koonomic * ment its activities. As Mr. Barber explained in 

-, Mr. A. P. L. Barber, House of Commons; the International Bank i 

: tiptians were related first tor ea het coma ocean 
| E each country, so as not portant development projects which they are unable 
| ,lees-developed countries, to finance simply because of the weakness of their 
12 order to be eligible for balance of payments. The new Association- Will be 
‘a. BSeoondly, the schedule empowered to lend in such cases ‘on special terms 
divided into two perte: which may, for example, molude a long period of 
-rialized or more-advanced repayment, or a period of grace before repayment 
the whole of their sub- commences, or even waive interest for an initial’ 
-y convertible currencies, period. Apart, however, from being complementary 
countries listed in Part II to the wark of the International Bank, Mr.- Barber 
|< their initial subscription pointed out that linking the Association with the 
bible currency, and the Bank is also a matter of confidence and will enable 
currencies. This portion the Association to operate as a going sonoern. from 
| free to convert into other the start. 

-noe purchases of exporta Tn commending tig Bill to the House of Gommone, 
country concerned. On Mr. Barber also referred to the considerably enlarged 
of the subscriptions from part Great Britain is now playing im” providing 
-y be paid in the form of assistance for overseas development; bub our 
and cashable at par on capacity to do mare, he paid, ia inevitably limited. 
, ation. About £11 million The commitment to contribute to the International 
bacription will be payable Development Association -had been foreseen for 
£9 million in each of the some time, and the Government has decided to give 
l priority to this measure to supplement the existing 
ament, the White Paper operations of the International Bank and'to increase 
' vred includes an accom- the united funds available for development. This 
. ecutive directors of the point of view was generally welcomed in the House 
. January 26, 1960, which of Commons, although Mr. H. A. Marquand and some 
| ociation is intended to other speakers questioned even so whether enough is - 
iný in the less-developed being done for the under-developed areas. 

l within the Association's Mr. Marquand referred particularly to TA eee 
7 Paper, “‘Aasistance from “the United King or 
ent by the Reccnttve ion Overwae pig ratte also mentioned by Mr. 


$ on 
of the tive ILM. Treasury fo! RB, 
lag Aas 965.) (London : 20. po. (Gein. 974) (London: 
Bd. net. È ) : Office, 1080) Sm ae 

















yora7a4 SWY £9, 10V 


Harber whioh meta, fortli both the mwih andthe 
“of this effort. From- £61 million ` 


present | 
in 1951-62, after a decredse to £49 million in 1952-3," 


this has inofeaséd, apart froma slight recesion in 
1956-57 ` and ‘1957-58, to. £110 million” in 1858—59 
and an estimated £138 iillion-in 1959-60. The bylk 
of this takes the form of granita, loins and payments 
for technical, eaaistence _under. arrangements made 
directly with the recipient country, totalling £86-1 
milion and an estimated £117:7 million in 1958-59 
and 1959460, respectively, compared with £23-4 
million and an estimated £20-7 million in coniribu- 
_ tions to internationalbodies working in this field. 

i Under the former, described as bilateral assistance, 
is included that givon to the.Colonial territories, for 
which altogether some £220 million was made avail- 
able under the Colonial Development and Welfare 
. Acs during the period 1946-60 ; of this total, about~ 


£45-5 million was unspent by March 31, 1959. Sub- 
sequent legislation has provided an additional £05 
million for the period up to March 81, 1964, and of 


~ the figures already quoted for 1058-59 and 1959-60, 
£49-4 million and an estimated £62-7 million are for 
the Colonial territories, £26- million and an estimated 
£40-6 million for the independent Commonwealth 
countries and £10-7 million and an estimated -£14-4 
million for other countries. These figures include a 
copsiderable ‘contribution to education, though ‘such 
expenditure is not distinguished separately in tho 
White Papér, and contributions tó technical asistance 
totalling £4-4 million in 1958-59 and an estimated 
£5-2 million in 1959-60. 

This- technical assistance may be provided for 
Colonial- territories through the Colonial Office, and 
to independent countries of the Commonwealth and 
to other countries under arrangements made direct, 
under the Colombo Plan, and through the Foundation 
for-Mutual “Assistance in Africa South of the Sahara 
and the Central Treaty Organization. For example, 
the cost of training 478 out of 2,181 officers in the 
` ‘public services of the Colonial territories, who in 1959 
attended training courses ih the United Kingdom, 
was met from Colonial Development and Welfare 
Funds, .and-in the past five years the-Post Office has 
trained more. than 1,000 people from overseas in 
postal, telephone and telegraph operations and in 
telecommunications engineering. The White Paper 


refers also to the work of the Overseas Research- 


Council and of the various advisory bodies on 
Colonial Research without, however, giving any 
estimate of expenditure on scientific research in this 
way.  _ 

When private investment of about £100 million is 
taken into account, the White Paper estimates that 
about 1:25 per ‘cent of the national income of the 
United Kingdom goes to benefit the less-developed 
“countries, and smeé-the War some £2,500 million has 
been devoted to those countries fram United Kingdom 
sources in the form ‘of private investment and 


` Govertiment assistance. Stich assistance can only be . 


provided if the economy of the United Kingdom 
continues to develop on thé right lines, and the Minister 
of State for Commenweslth Relations, Mr. ©. J.M. 
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the debate from the Government side. Incidentally, it 
should be noted that, as Sir Henry d’Avigdor- 
Sapa? pointed out ir the debate, the Association 
empowered to provide technical 


is ‘gpecifioally ` 
- dezistanos and advisory |pervices at the request of a 
- member,:and such assistance may, at the discretion 


of the Association, ‘be| provided ~vith or without 
reimbursement. mot 

The brief debate when thẹ Bill rèsoived iie second 
reading in the House of Lords on May 17 followed 
rather different lines. In introducing the Bill for the 
Government, the Earl ‘of Dundee said that the 
United Btates and Japan have alrsady introduced 
legislation to provide ‘fpr the dadksrence of their 
countries to the Associanion, and pointed out that 
the Bil is only part of @ general efort to assist the 
more-undevoloped countes of the Free World. He 
also suggested that it ispmore sciansiflo to measure 
our effort as a percentage of our exports rather than 
of our national income ;' that figure is bout 7 per 
cent and not 1:25 percent. He leo quoted the 
reference in the communi-né from the Conference of 
Commonwealth Prime Mixisters to tha desirability of 
00-operstive action among members cf the Common- 
wealth in assisting the aconomic cevelopment of 
onpil coueire Fis ar abia rodiy 


and had specifically welcomed the doaision to estab- 
lish the International Development Azsociation. 
Lord Ogmore, in welodshing the Bill, streesed par- 
ticularly the importance o? technical assistance, and 
in this connexion he said that ‘im hie experience in 
the past few years one of the greatect shortages in 
the under-developed countries had beén-in competent 
managers. ` They are short also of pecple with tech- 
nical experience at the professional and she technioian- 
level, and this could greathy affect the éxecution of 
a scheme; he was glad: the Government has 
already recognized the importance of technical 
training for apprentices. Tn his reply fcr the Govern- 
ment, the Earl of Dundee Jirected attantion to the 
powers which Sir Henry A Avedon coldemad had 
noted in the House of Commons. ; 
The bearing of the Thismaguaal Teelin 
Association on technical assistatice is not the only 
reason-why the new Act merita some actention from 
the scientist and technologist. Finance is fot the 
sole consideration which determines the possibility of 
particular schemes. Both, tte debates in Parliament 
and the White-Paper.on Aseistance Tron the United 
Kingdom indicate how complex. have now. become 
the relations bétween the overseas territaties and the 
Colonial Office and the Office of Oommonwealth 
Relations.: Thess relations hsve not been adequately 
debated, but with the increasing number of Common. 
wealth overseas territories, which have attained or 


are on the verge of independance, strong 


arguments 
- canbe advanced for reviewittg the relatiens between 


the Golonial Office and.the Ccmmonwealth Relations - 


my oor 
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Office, if not! Office also. Is might well becoming Communist States in the meantime. This, 
be that mex Colonial Office with the Mr. Shonfleld believes, would be a further obstacle, 
Commonweal Office in a new single for he is convinced that the West could give these 
Commonweal id provide a constructive countries the fruitas of modern technology more 
solution to r ting difficulties, including ee ee obtain them other- 
not merely z ong with the newly inde- 
pendent terr o some of the problems of wr Miss liege cists ar PE GE 
overseas serv 1, in fact, largely determine the West, but he is very realistic aa to the sustamed 
the availabil the professional assistance good sense that will be required and the readinebs to 
required in r of technical assistance. compromise, at least in the early stages of develop- 

The estal the Overseas Research ment, with many of our cherished ideals and stan- 
Council was, yve in the right direction; dards. The International Development Association 
but more mc if the work of the Council is indeed a weloome step forward, but much more 
is to be i if technical assistance ia wil-be required. Apart from constructive thinking 
not to be hr n-power problems. In the about the whole structure of government as it affects 
first place, = ə is undoubtedly need for the -conditions of service and operation, there must 
clear thi rxucture most appropriate be real determination to use to the full all existing 
to the new that structure must take instruments such as the Colonial Development Cor- 
account bot- ial service problams and of poration and the Overseas Research Council. 
the natione f the newly independent 
countries, tr ion was rightly directed in 
the debate « It must be one which fully 
respects leg hal pride and aspirations, 

—— K Bel pede end E EE, SPACE RESEARCH 
which are i rnal control, and elimmate Satellites and Sclentific Research 
op iti: and corruption. By Deamond King-Hele. Pp. xii+180+6 plates. 

The othe scientista and technologists (London: Routledge and Kegan Paul, Ltd., 1960.) 
should be ¢ ı this question of assistance 216. net. A 
to uader-d: tries, whether in the tech- launching by the U.S.S.R. on October 4, 
nical fiel appears in a talk, “The f 1957, of the first artificial Earth satellite may be 
Coming At ld Poverty”, broadcast by aid to have opened the era of outer-space research. 
Mr. A. SŁ yrinted in Ths Listener of Subsequent developments have been rapid. The 
March 8. | vigdor-Goldamid soon Sputnik wes iamciad by tha USSR: on 

cana oe recognized November 3, 1957. The first successful launching 
the 3w Association, provided its of a satellite by the United States ooourred on 
TEBHOUTOGH Ba in the war for men’s minds ; February 1, 1958. Since then the Americans have 
and Mr. Ms is clearly anxious fora world snuoceasfully launched several more eatellites. In 
attack on’ is, including help from the addition, space vehioles (Luntks) have bean launched 
Communis- D, referred to Mr. Hoffman’s by both the Russians and Americans, some of whioh 
caloulatior: 1 15,000 and 20,000 million will — ad ae and eel be eel artificial 
asteroids. o Russians have succeeded in hitting 

colaa wo over She nert oin yras Py the Moon with one of their Lunsiks and transmitting 
way of hel developed countries. Never- = photograph of the back face of the Moon by 

theleas, ne the note of urgency which a al 

charaoteric field's talk, and which is This book is Siei solely with the artificial 
derived la changes in conditions which  gatelittes, the t installed in them, the 
are the d ‘the application of science; purposes for whin i © equipment was designed, and 
and the _ freament of the Association some of the scientific resulta that have been derived. 
merely Ít »-operation for constructive The preface is dated April 1959, only 18 months 
* economio| development of the world after the first successful launching of a satellite, 
economy} rtenance of peace and world though mention is made in the text of the launching 
; . a ee a, 

ion of economic development ie 1959, and Discoverers 5 and 6 on August 18 

in the leg ountries with the interests of ugust 19, 1959, respectively. Brief reference 
the interr mity as a whole as well as the Eis tate toe ence eN space-vehiclea, 
interestet- ries. the Russian Mechta or Lunik on January 2, 1959, 

Mr. Sh » urges that we have reached and the American Ptoneer 4 on March 3, 1959. 

the point 3 thinks that unless the pro- A satellite oan provide soientiflo information in two 
dustive ‘under-developed countries is Ways. In the first place, careful tracking of the orbit 
much i g the next few years, the of the satellite and of the changes in the orbit with 
some places may even Je time can provide mformation in two directions. The 

from. ita. ae level. Even if this equatorial bulge of the Earth causes the orbital plane 
R ee E : ‘ to rotate slowly about the Earth’s axis, in the opposite 
is avoide uoh more difficult to bring the direction to the satellite’a motion. From the analysis 
under-de Ties to the stage where they of these changes in the orbital plane, the ellipticity 
can adv: on their own iuitiative in the of the Earth's figure can be derived and also some 





1970's ox ais apart from the risk of them information, about any asymmetry of the Earth 


NO 4734 Juy aI, L7UU 


about ita equator.. A T T E TEE 
satellite produces progressive changes in the shape 
of the orbit," the distance ‘of the satellite at apogee 


orbital period and in the of the orbit. 
From the changes in the shape of the orbit informa- 
tion about the density and temperature of the upper 
atmosphere’ at different heights can be inferred. 
The information that has already been derived from 
the study of these orbital changes, to whose analysis 
the author of this book has made substantial contribu- 
tions, has substantially modified previously accepted 
ideas. This information is 


though more 
information will beoame available when the signals 
have been fully analysed. 

TO yates Ji Or Ne Sepa, oe Dottening Ditha 
Earth, that haa been derived from the satellite 
e Ge pe Ra EN The value previously 
accepted, derived from geodetic data and from the 
analysis of changes in the Moon's orbit, was 207-1. 
The change ia substantial; the previously accepted 
value was based on many investigations, which had 

given reasonably accordant values. It is also tenta- 
tively inferred that tho Earth in 


result. It is to be expected that 
. gravitational potential field of the Earth will m 
course of time be evaluated, when data from a 
number of satellites with differing orbital inclinations 
have become available for analysis. 

The analysis of the changes in the shape of the orbits 
has led to the definite conclusion that the density of 
the atmosphere decreases more slowly with height 
than had previously been believed, largely from the 


extrapolation of date provided by rockets. At . 


heighte of 120-250 miles, the atmosphere is 8-11 
believed. 


phere at these and greater heights are as yet only 
tentative, though it that at Arig re 
temperature is considerably higher 
been Thee cans wane ardane task is 
air density at heights of 100-500 miles varies with a 
period of about 27 days, being presumably influenced 
by solar activity. 

The most striking discovery so far obtained from 


unsuspected 
the Earth which are attributed to charged 
perticles trapped by the Earth's magnetic field. 
Much more information will in the course of time be 
obtained about these belts, their nature and their 
ee It is thought that the inner belt may be 
caused chiefty by cosmic-ray debris and be composed 
mainly of protons, while the much larger outer belt 
from the Sun and is composed 
ectrons. The-further study of these belts 
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avy 
` 


Such wide interest hac been arousad by the laumnch- 
ing of satellites and space probes that this book, 
Teabags how and what information has been 
derived from satellites, 5 very timely. It is written 
so far as possible in non-technical , arid is well 
illustrated with many figures. The eathor has given 
an, extensive list of books and scientifio papers relevant 
to each chapter, which vill be of wae to those who 
wish to obtam further information. on any of the 
subjects discussed in the book. 

H. Snæs Jowss 


CYBERNETICS AMD MANAGEMENT 


Cybernetics and Management 
By Stafford Beer. Science Series.) 
Pp. xvii+2l4. (Lond™: LEpglich Universities 
Press, Ltd., 1959.) 25s. mot. . 
Taaa O then tag antag 
perc years after Werner defined the study of 
control mechanisms aa a new discipline, ig en 


on this topic to the ‘ ‘sosmtifically oduoated and 

imaginative manager’, Beer recognises that such 
interest extends well beyord scedemic halls. ‘ 

Approseiig © pert fee ta Poe cee neni 
f cybernetics derives 


diversity 
biological systems valuable models fr industrial 


oybernetics. 
In industrial application, sybernetics is not solely 
concerned with automation. on the asembly line. 


show goel-seeking behaviour and attem to main- 
ey ae eae 

to the general category of ‘Shomeocstat’ that 
ara open biological systams as wel. 


Tka jasket dnecribes this Hock ada tion of 

the basic principles of cybernetics a mass of 
thematios. Such a certainly 

contains, and delightfully cleer ib is. In 
however;. a surfeit of and perhaps 6 


few tracks of hobby horses teri tò obscurs:the main 
trail of-the description. Nine pages of preface and 
soven pages of connective 

to rectify this ‘noise’, will aid tho selective reader to 
follow the main thoughts. In his role as a philogo- 
pher he will be well rewarded. 

For the reader as & mansger the value of this 
doctrine is nob so clear:- He will regard tais as the 
second major move in fifteen years to ccustruct a 
managerial science. The -sphers. of the first, opera- 
tional research, was more limited than that of indus- 
trial cybernstios. It functioned with, as part of, 


£ 


r 
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with the environment. The world of the ancient 


‘organization man 

as: Stee oo eee are something more than mere extensions of the 
at there is room for both. habits of our simian ancestors. As he puta it rather 
-oh is the study of complex colourfally at one point (p. 308): “Tf it is katydid 
zeas cybernetics deals with nature to. , frog nature to croak, warbler nature 
ams of this type (which is to warble, it is human nature to play the Asr for G 
1 definition). There is a String”. The potentialities of human nature must 
cee manager may feel lie beyond the-limited historical and social expressions 
complexity. of that we know at 
offers novel In putting forward is plea for the larger view of 
some mans- human nature, Dr. Murphy takes fully into account 

I individual limitationa. 








ea patting whch i 

of a machine, implies Although the marating tendancy to standardization 

of thought and feeling in modern society clearly 
tive urge may win 


ed e beai whole, o crea’ 
as & 

i ksa field of genstiœ, for example, he points out 
Sa ee E 


Zor the cybernetics student, from the inheritance o san irra EEEE 
and from the possibilities of readier manifestations 


ulg 

i "TA. Magmamoox of pertioular attributes in particular environments 
i e stooks may be increasmg in numbers and 

+ others decreasing 80 as to alter the predominant 

< y temperamental patterns of the group. Qualtties of 
JJENCE FICTION ee AET O De gaa ng at r 
E pat of toughness and aggressivity. Just as height 

hy. Pp. x+340. (London: H ROEE OADE UE o rh sae o 
n, Ltd, 1960.) 25s. net. 3 pad- raporially nri ton) 287 be oepaoitiea -of 
-wadays seem to have replaced In his more far-reaching speculations Dr. Murphy 


le point by semantic wrangles, secins to imply that highly organized groupe develop 
3 lack the courage to look Se er ee 
their professional competence. involved. Artistic and scientific 

n’s place in the cosmos, or I A T of E Te 





wopica the full weight of a life- and the environment become blurred. 
-arship, coupled with a facility Scorning the traditional timidity of the social 
constructive thinking. In  peychologist in-the face of value systema and judg- 
e-old questions in the light of ments, Dr. Murphy plunges into discussion of 
Ings in biology, sociology and political systems. He sees the present day as a period 
xis in challengmg one’s oom- of crisis in which man may destroy himself in atomic 
startling new perspectives. oonflict before intelligent control of social 
scientific view of human becomes possible. For the immediate future the most 
at depressivo flavour. Personal hopeful progpect seems to be a rapid economic 
t to primitive drives, and social development. In this the West may overtake their 
y.rigid rules of group thinking opponents, who will end up by oapitulation or 
3 pressure to uniformity of our imitation, or the two camps may both progress so 
ty. ‘But these aspects may not fast that their leaders can allow peaceful oampetition 
ruth, Certain human attributes between the two systems for some time to come. 
plicable ‘in terms of visceral If this respite is allowed us, then humanity will have 
ə properties of chemical oom- time to choose between such possibilities as an. 
‘a terms of their constituent authoritarian hierarchy or a leaderless, group-centred 
shy argues that the processes life on the ant-hill model. Among these long-range 
ion and .of learning, although prospects he sees the greatest hope of a viable civiliza- 
t to visceral needs, become satis- tion in some system in which the governing forces 
ves leading to a whole new system are reliably guided by intelligent feed back from the 





w motivations lead to new ways middle and lower levels. Any such system would call 
n and whole néw dimensions of for revolutionary development of education, and also 
could not have been foreseen or keedan to indulge iadividual artistio and yultaral 
ts the writers of science fiction interests beyond the immediate needs of the te 
hey merely late existing  technocracy. At present education tends to too 
account of the in man ae S R 
of new dimensions of interaction technical instead of encouraging creative 
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thinking and discussion among the young on out-of- 
school family and community problems. 
Because of the range and complexity of the pro- 
tiles a rnea tvs bosk danok be i i 
nor reviewed comprehensively. But it is well worth 
studying fram cover to cover. D. J. War 


FOSSILS FOR THE NATURALIST 


274425 plates. 
and Co., Ltd, 1960.) 30s. ‘nat. 


HE volumes of Oollins’s New Naturalist Series 


Py DAER tite Deepens and ore a Ota’ 16 pomar: 
It is also true moet naturalists are born ool- 
lectors ; and these books are eminently collectable. 
But these facts do not alone explain the success of 
the series. It succeeds because these books are mostly 
written by naturalists for naturaliste. They appeal 
to the faculties of wonder and delight in Nature 
which (rather than the spirit of curiosity and the 
pure desire for knowledge) are the particular charac- 
teristic of the naturalist. The present volume, the 
forty-second of the Series, is no exception. It is m 
the direct line of descent from Hugh Millar and is a 
naguralists’ book and not just another popularization 
of science. 

Prof. H. Swinnerton’s approach to his subject is 
Bien pero ceeerentt eaniece. He is most successful 

in conjuring up pictures of the successive extinct 
faunas and floras m which the animals and planta are 
brought vividly before us as living things in their 
changing natural environments.. We follow in 

the evolution of the mam phyla of 
plants and animals, first in the Palwozcic, then in the 
Mesozoic and finally in the Cainozoio. At the same 
time, by a series of cleverly interwoven digreasions, 
ee E E 
and our interest is cunningly yee oe 
the lives of many of the collectors and research 
workers whose discoveries he describes. It is all very 
well done, and the book is eminently readable. 

All this bemg said, it is the more unfortunate that 
an unqualified weloome cannot be given to this book 
which at first sight seams so well to fill an obvious 
gap in the New Naturalist Series. It is not that the 
vividness of the reconstructions of the geological past 
is often obtained by the ion of detail the 
conjectural nature of which is not made sufficiently 
apparent. Nor, since the book is not intended for 
palsontologists, does it matter much that a number 
of names used are out of date, as are also some of the 
ideas (for example, the derivation of Canénéa, Palaso- 
smilia and Dibunophyllum from ‘Zaphrentis’ in the 
Lower Carboniferous, and other ideas about the 
evolution of corals and graptolites). The pity is that 
there are a number of confusions of matters of some 
im e . 

us ib is regrettable that the lite zooid is 
described as possibly not unlike a hydroid polyp, 
while the dendroid graptolites are said to be oom- 
parable with Cepkhalodisows. It is also unfortunate 
that the old classification of the East Anglian crags 
tn the Pliocene is retained, aa ocufusion te 
created by the remark that deposits underlying 
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the Cramer Forest beds have been shown to be of 
Pleistocene age. This particular confusion is worse 
confounded by the caption to plate 21, “Marine Fosuils 
of the Quaternary”, whiah illnstrates both crag and 
Eocene fossils. Prosumatly for Quaternary, Cainozoic 
should be read. Other confusions are of serpulite 
ew) with Serpult, the alleged presence: of 
s in Sootland and the inclusion, of the 
paap ag fh a lint of exttiot TA 

The illustrations are, with one or two notable 
exceptions, well chosen end well reproduced. How- 
ever, there are several 1Custrations where a number 
of fossils are representel om very different scales 
without any indication >f the relasive or absolute 
size of the ens. F-nally, it is necessary to say 
that there are far too many misprints, and that these 
affect the deacripsions of the plates (at least 
fourteen corrections required}. 8. Snaeson 


THE FIRST DECADE OF DDT 


DDT 

The Insecticide DDT and Ita Bignificance. Edited 
by Paul Miller. Vol. 2: Human and Veterinary 
Medicine. By W. Je ve ae Ws Simmons and 


1959.) 66 Swine Eanes; 66 DM. 


Verlag, 1 

second volume oZ a series oc DDT contains 
three contributions by American authorities on 
insecticides and their use = “Pharmacology and Toxi-. 
pe havea by W. J. Hayee, jun ; “The Use of 
DT Insecticides in Hunan Medicine”, by 8. W. 
reece ar “The Use of DDT in Veterinary 
Medicine”, by E. F. KnipIng. The first two of these 
are almost equal in lengta and comprise about 400 
pee ee ee ee 
600 references; the shor-er veterinary section has 

about 200 referencea. 
Dr. Hayes deals first with clinical, pathological and 
physiological aspects of DOT toxicity as observed in 
animals. i discussed. 


(bees notably) and to varicus forms of wild life from 
medical and or of DDP form, oonclud- 
ing chapters to the secti 

The contribution by Dr, ‘Simmons ‘also editor of 
this volame) is not merely ebout DDT for the control 
of arthropods of medical importance; It is valuable 
and n for ite“ emphasis, well illustrated 
graphioally, on the effects bf vector control By DDT 
on the incidence of the diseases concerned... Much 
of this part of the work is about mosquito-borne 


Hee, hous, lioo, fous, into and on tho 
mites and ticka. The scacvines sre les le 
to DDT than the insects. Ittseams scarcsly jistiflable, 
in view of general experierce’and what ia recorded 
im the relevant text, that, for example, scabies and 


ae 


should be included in the 
seases listed at the begin- 
as controllable by DDT. 
and other troublesome 





' >n indicated clearly in the 
‘nis book is that, although 
‘ject-matter is not covered 


beyond 19 ' -oblems of toxicology being 
by then ' DDT, this is not 
greatly affet æ» lag. Bub DDT-reaistance 
in some | raseflies, had compelled the 
use of al ides in some parts of the 


Dr. attention, on the problem 
oenar . Tal -of DDT-resis- 
tance, as ib | 4, with comment on possible 
prospects. ork on DDT-resistanoce and. 
on resi , ataot insecticides is, Inevit- 
ably, not Ga ı ig book. Provided this is 
borne in m- nə is undoubtedly notable, 
well-di , Bluable compilation of the 
facta a ' ght of DDT for large-scale 
usage, ita , lures, and the early impacts 
of impecticic : Dn the new outlook which 
DDT had le in medical and veterinary 
entomol: adax ; this may be intended 
at the An introductory table of 
chapter cot sub-titling and some cross- 
references it the good quality of printing 
and illustre- o make this a pleasing book 
to handle œ D. 8. BIBTRAM 

b | 
INCEN FIREWORKS AND 

ARMS 

A History :7e and Gunpowder 
By Prof. E son., Pp. xvi+881. (Cam- 
bridge: W Sons, Ltd., 1960.) 70s. net. 

‘his T af. Partington surveys the 

history) sand gunpowder in the same 
thorough * : aracterized his well-known 
“Origins & ‘nt of Apphed Chemistry”. 
He has ts wre to mspect the original 
sources of; nd he quotes them ai length 
in the sated chapters of this book, 
which hae sted by good imdexes and 
twenty-om . Bome of which are seldom 
reproducec 

The bpc 4 a discussion of the inoen- 
diaries um warfare, in the 
‘Greek fire Jed the Crusaders and which 
was ane ot she Byzantine Empire. Many 

ah 
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of these ancient incendiaries contained one of the 
numerous types of crude oil found in Mesopotamia 
or the regions north of that country. The author 
believes that the basis of the earliest Greek fire was 
liquid rectified petroleum or volatile petrol, which 
was projected in hand-grenades, or ordinary petro- 
leum im tubs shot from ballistas. The mixture of 
-petrol and resinous substances, thickeried into a jelly, 
and the mechanical means of projecting it oon- 
stituted the invention of Greek ftre, an achievement 
of chamical engineering. 

In his second chapter the author tums to the 
examination of “The Book of Fires of Mark the 
eista which he compares with passages from 

’a “De Mirabilibus Mundi” and 
Roge Bacon's ‘De secretis operibus artis”, from 
which he concludes that there seams to be no resson- 


preperatian and 
though probably ignorant of ite use as a propellant. 
He may have derived his knowledge about ite oom- 
position from the “Liber Ignium’’, which is probably 
of Arabio origin. 
The next chapter is devoted to the “Legend of 


` Black Berthold”, the imaginary German monk said 


to have invented gunpowder and cannon. The 
earliest picture of a cannon. is found bi an English 
document, ite earliest mention in an Italian one of 
1326. He then proceeds to discuss the earliest 
Burgundian, German and Italian 


tury 
military arta snd iaie knowing of tho uo of 

powder and firearms, mines and rockets on 
Ghapters 5 and 6 are devoted to a systematic dis- 
oueon ol sunpowiiee aid ees i Mose iada 
and'in China. Hete the author dispels many erroneous ' 
aan a a Dy examining 
e original texts and consultmg such experts as 
Holvgtd ead oe N His conclusions are that 
ee ee 
and that around 1044 certam ‘proto- 
gunpowder’ mixtures were used in bombe but not as 
propellents. About 1238 we find the prototype of a 
gun described m Chinese and true gun- 
was known towards the end of the Mongol Yuan 7 
dynasty (a:D. 1260-1368), when it was also known’. 


saltpetre was 
960-1379), 


certain that cannon were invented in that country; 
as the information about cast-iron Ohmese guns, 
paid to date back to 1856, is unsatisfactory. The 


The last chapter ia devoted to the history of salt- 
petre. Here the author could have consulted with 
Det ee WEDE 
ancient Mi rather than the muoh older 
evidence he quotes; although his discussion of the 
classical and post-claatical evidence of this most 


Prof. Partington 
yeh as Gis ae iy oes 
but also the historian of technology will consalt with 
profit for many years to come. R. J. Fornss 
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Birds In Colour A annealing of li sodium. Considerable 
capa tae by Karl With desorip- wok tae bee ee during the past few 
tions by Bruce Campbell. Pp. 108+256 plates. years wi bain sufficiently 


Mddx.: Penguin Books, Ltd., 
1960.) 2le. i 


[Se oy a pots oe 
another moderately priced book on birds that has 
ifles iteelf both 


Sy ot ee Ge Ge ; at the same 
time producing a very beautiful book of pocket-size. 

The book hag two main sections. First, there are 
256 coloured paintings of all the birds likely to be 
seen and recognized in the British Isles, 


are on adjoi pages. This makes it possible for 
four similar birds to be ate glance. The 
second. [pe of the book is devoted to the descrip- 
tions, bear the same number se the pain 


tings 

earlier in the book, thus enabling speedy reference. 
This section gives such information es habitat, 
‘inde with whi apy args 


leat eee Cl ae ee T 
names, 7 

The book is of the standard ‘Penguin’ size, but has 
& stiff, colourful cover, and each of the 256 paintings 
are not only realistic but also pleasing to the eye. 
Fe iets ee ee tee eee aa, While: 


all technical and i i 
points are lucidly wri 00 on notes 
for the Danish artist's paintings, cannot be 
too highly prai B J. G 

Flat Rolled Products 

Rolling and Treatment. Edited by T. E. Dancy and 


E. L. Robinson. (Metallurgical Society Conference, 
Vol. 1.) . xix+128. (New York: Interscience 
` Publishers, .; London: Interscience Publishers, 
Ltd., 1959.) 30s. 
HIS book, the first of a series on various branches 
of metallurgy, is a report of the proceedings of a 
i arranged by the Mechanical Working 

Committee of the American Institute of Mining, 
Metallurgical and Petroleum Engineers, all the 
contributors being connected with steel firms in the 
United States or in Canada. To this extent, the title 
may be somewhat mi since non-ferrous 
practice is touched on only by implication. 

Six papers are included of which half the book is 
devoted to two on the factors affecting strip profile in 
hot- and ocold-strip mills and on the closely related 
influence of hot-wtrip profile on subsequent operations. 
The remaining contributions are concerned with heat- 
treatment practice, the continuous normalizing 
of flat-rolled , the continuous annealing of 
deep-drawing sheet and the theory and evolution of 
coil-heating practice in steel mills. 

To the reviewer the most interesting part of these 
proceedings ia a two-page paper dealing with the 


ance costs due to simplifPation of the plant. 

f F. O. THomPsomw 
The Nuclear Handbook 
Consulting Editor : Prof. O. R. Frisch. Pp. xv +640. 
(London: George Newnes Ltd., 1958) 50s. net. 


Toz book is described in the fore-vord as having 
been designed as a dey-to-day reterence for use 
by scientists and technicians working in nuclear 
science and related flelds. ‘There are nineteen sections 


among 
perties of isotopes and natural radicelements, and of 
fission product and transuranic elements ; the theory 
of nuclear reactors and the properties of fuels and 
other materials used in them; and related tech- 
nologies such as particls accelerators, vacuum 
techniques, and electronics 

_ The technical level and the style ofthe contribu- 


section consists of a callestion of equations and 
formule, with tables and g-apha, connscted by the 
minimum of narrative; the section on ratural radio- 
activity is prefaced by two pages of history beginning 


with Beoquerel. 

The “Handbook” was pubfshed shortEy before the 
second Geneva Conference or atomic enargy, so that 
some of the data were outdated within a short time 
of publication. Nevertheless the book 5 a compact 
source for a wide range of infbrmation ard should be 
useful, provided that referanos is made to'the periodi- 

cal literature to check data in fields kiown to be 


ee aoa. K. E. B. Jay 


Gulde to Reference Material 
Edited by Dr. A. J. Walford, with tho aæistance of 


L. M. Payne. Pp. vii+ð4& (Londor: Library 
Association, 1959.) 80s.; 12 dollars. (Members of 
the Labrary Association, 60s ; 9 dollars.) 


HIS volume provides an sanotated lish, classified 

on the 1957 abridgement of the Universal 

Decimal Classification, of leading reference books and. 
È “+h hadi ; 


tions. Its 3,000 selected entries are the reeult of the 
work of some 70 contributors, and an sdmirably 
Depa eves ee ee ee 
of departure for a much-needed series of detailed 
Gn pening sibiocie; Aa The Dope 


R. BRIGaTMAN 


annotated guides on 
of the editor, Dr. A. 
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THE ROYAL SOCIETY* 
By Sin CYRIL HINSHELWOOD, P.R.S. 


oyal Society was founded. leisure of a great gentleman to a hfe of study and 
o evolution three centuries was renowned not only for his learning but also for 
he measure of human life his piety, his religious and moral writings being 
sive span of history. Time probably as numerous as his scientific works. 

lowed uniformly on, but as A very different figure was Bir Robert Moray, who 
gnificant to men t is not combined the qualities of a scholar with those of a 
For thousands of millions man of action. He had served as & soldier under 
lactic cycle has continued, Louis XII and had been with King Charles in 


T @ few hundred only there 
at rapidly accelerating con- 
- power over Nature which 
the world of to-day. The 
Sooiety was symbolic of the 
‘this endeavour. In achieve- 
years have exceeded all the 
ionary time: by the scale of 
the fullest and longest in all 
es, in whom the dramatist 


another way. . The men who 
ign ere still familiar to us as 
n picture in imagination the 
choes of his witty sallies have _. 


ə of human activity the 
ryal Booiety and who are m a4. 
oe preasnt age sre no further 
ı our nearer ancestors. Their 
1 us, their words remain for us 
> know them and have towards 
filial piety. We honour them 
© them, and our admiration is 
oes and warmth. 

1en, wore they whom we com- 


ting on November 28, 1660, 
3 foundation of the Society was 
cord states that there were 
ncker, Mr. Boyle, Mr. Bruce, 
ir Paul Neile, Dr. Wilkins, Dr. 
r, Mr. Ball, Mr. Rooke, Mr. 
a attributes to Brouncker, Boyle 
» if not for the first initiative, at 
ierance of the project and for the 
nitial difficulties and disappoint- 
an Irish peer, had at one time 
s. He had studied mathematics 
ater a doctor of medicine of that 
3 said to be a good linguist and 
matical discoveries of importance, 
ntmued fractions. He and John 
L often diseussed scientific ques- 
He became the first president 


3go that continuously dissolves apainduta that the Royal Society 
men -, being when it did, irrespective of individuals, becaupe’ 
“the climate-:and temper of the age demanded it: 


ization has been spreadmg France. After the Restoration he held public offices, 


enjoyed the confidence of the King and was described 
by Huygens as the soul of the Royal Society, to which 


at various times he made communications on geology, 


natural history and comets. He has been spoken of 
as a chemist and a mathematician and, according to 
Pepys, was interested m musio. 

A man who m the opinion of some deserves to be 
thought of as the real originator of the Society was 
John Wilkms, warden, of Wadham College, Oxford, 
and later Bishop of Chester, wise, tolerant, concilia- 
tory, continuing his work both under Protector and 

- He wes the central figure around whom 
gathered the group of learned men which later turned 
tteelf into the Society. He had a forward-looking 
mind, and not only wrote a work on the Moon 
habitable world but co: also a discourse on 
. Possibility of & passage pe ‘volitation’. 

“There + 


are philosophers of history who would, 
had to come into > 


. may be right. It must needs be, perhaps, 


individual does not determine the event he profoundly 
influences the manner of it. 

These men, in-whom the elements were thus 
diversély mixed, initiated the humane tradition 
of the Society, the union of thought and action, the 
partnership between men of the study and men of ` 
the world, which has been maintained throughout ite 
existence, is presdrved, we would like to hope, to-day, 
and will decide ite future. 

In illustration of a oo Shag th thesis, the rebep 
tion of the new Society coul represented m 
diametri contrasted deer Names like 
Christopher Wren, John Evelyn, Samuel Pepys and 
John Dryden beer witnegs to the width of its appeal. 
Could we mdeed quote anything like so varied a list 
at the present time ? The sympathy of the literary 
world was not lacking. Addison styled Robert 
tie “an honour to his country’, persons of conge- 

ence consigned their sons to the care of Warden 
Wilkina, aad the patronage (essorded to the Royal 
Society by established authority was neither purely 
formal nor mere lip service. Prince Rupert made 
communications on his own sccount. The Harl of 
Sandwich, sent to escort Catharine of Braganza from 
Portugal, allowed himgelf to be set the tesk of making 
observations for the Royal Society on the tides and 


y- 
3 famous author of “The ical on the saltness of the sea. The King himself was on 





in many tongues, dev the terms of friendly intimacy with many of the members, 
often visiting with Sir Robert Moray the laboratory 


Formal in Albert v: 55 S 
r o on tule 10." Hal,  ostablished in Whitehall. 
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If the illumination is suitably adjusted, however, & 
lees-mellow picture emerges. The Warden of Wadham 
might be a leader of the new movement: Dr. Fell, 
the formidable dean of Christ Church, w areny 
none of it. The Public Orator of the niversity 
of Oxford declaimed against 
Theatre built by Wren, and Antony Wood declared 
it to be an obnoxious body. Bishop Wilkins, 


Bishop Ward.and Bishop Sprat might defend the new 
with | and 


of this prevented attacks from the pulpit, and the 
accusations from other quarters. 
The complaints openly made by the objectors were 
of atheism, impiety and subversion, 
practice or countenancing of these things then at 
least the creation of a pbi which would lead 
the weaker brethren into evil or be used by 


the wicked as a cloak and excuse for thei" vitieg. 
Besides operating on the side of the and 
the inmnoocent, the Royal was 


supposed (though scarcely, i 
Pe ree ee eee 
It elevated sensual ideals, and it en- 


even lasts to-day, and in this respect the three 
cegturies aasume perhaps their shortest perspective. 
In our own time ne a 


“about to be realixed through science. Lesser literary - 
Agures of the moment have laid every. defect or.” 


misfortune, from intellectual arrogance” to social | 
-obapurity, at its door. at ae aa! 
’. Every complaint and reproach levelled in the 
seventeenth century, every fear 


Every 

to-day has 
- dentury apologists. Nor can the’threat òf destruction 
by the-release of nuclear energy really have aggravated 
. the issue, for the a of atomo waxfare aro afloat 


no more terrible he prospoets af otaiiial danme- 
earlier age’ believed the 


; tion-to which many in 
new doctrines were leading men. 

If criticism could have restrained or gibes deterred, 
if any combination of polemio and’ persuasion could 
have mollified or silenced, the issue would have been 
settled once for all. But these strange contests of 
Pe E Eora 

renewed themselves, rising to great climaxes like the 
controversy over evolution in the nineteenth century 
and the quarrels about the use of nuclear energy in 
the twentieth century. The origin lies more m 
emotion than in reason : genuine fear of the unknown, ~ 


reverence for established bat most of all in the 
strangely partisan instincts of men, the manifestation 
of their combative and yet gregarious nature. What 
happened after the foundation of the Royal Souicty 


was largely a reflexion of a permanent or at least a 
strongly persistent pattern. 

But the most significant ciroumstános is that tho 
attitude of the world at large probably did not 
seriously determine the course of science. In the 
Pp E ery ee A 
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df the books. E GP Uo TE TA 
did little effectively to hinder it. Nor indeed, after 
the first flush of enthusiasm, did th» majority of its 
non-scientific or fashiocable supp=riers do very 
it. The record of sermons, 


the raw material of a one-sided stor-. The literary 
basis of so much history oen easily falsify the perspec- 
tive. Writers express ther views and other writers, 
by the natural working of affuit often attach undue 


pt dolar! uate debating 
parent a a the fancy of zhe journalists 
DA p a ee But the future 


germinates unknown and silently. 

From the time of the Zoundstion of the Royal 
Society onwards there was a steady increasé in the 
number of dediceted men who, by the soncentration 
of their minds, the skill of their hands and the sweat 
of their brow, worked to uncover th» secrsts of Nature. 


the face of the globe and the life af humanity. The 


blame. ant 

Tee adie E be nee ess 
criticisms of science have re-uted one enother. tt 
was, some said, too much ocneerned wih material 
ib i 
to the good of nobody. The answer to-day is clear. 
The technology which has iransforméd practical 
is largely an appication of what was 


“Find me a way” an ancient 
despot might have said, “to secd invisible messages 
round the world, and I will enneble and exrich you”. 
The reward would never have bean won. “Find out”, 
he might less plausibly have said, “about tke strange 
force in this little piece of amter”. This apparent 
frivolity contained the secret of his fire requirement, 
but remote and unforeseeable 
The fall fruition of scientific work upon 
three things : Gees oe ae ea 
out and the’ awarenees to opp. Eighky special _ 
conditions have to be fulfilled bafore the plant will 
bloom, before the flower will fraittand before “he fruit 
will ripen. 
[Let un kavo ib dliusions abonda aang. To-day 
we commemorate the doings of a minority and of a 
small minority. The King himsel was a rar» figure 
the rulers in history. The g-amour sheč on the 
Royal Society by his patronage ensured the reenect of 
the eminent but not their subsoriptiens, and in te year 
1700 the corporate Income did not «xcesd-abous £100. 
But if the men of science did not continue to 
receive much material support they were not for that 
reason without significance to their time. Who is 
tive of an age? The acolaim of*tke day 
anticipates the verdict of pesterity, «inse the 
germinal things are almost always hidden or un-ecog- 


Yet they he 
above all of 
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create tho modern art of medicine. All the sciences 


[istoty recor Gee course eect have now converged on the study of life, from the 
io ambitions. These have simple oell to that most wonderful of instramenta— 
i brain. 


naterial for polite studies. the human 

wements of science have In the last hundred years the pattern of daily hfe 
ve attention of the chroni- has been transformed. Things which m the reign 
ially been rated as humane., of Charles IL would have seamed like the dreams of 
wransformed the conditions visionaries or indeed, the impostures of charlatans 
duct of human genius, and are now part of the common scene. Flight, speech 
ition, sacrifice and devotion and vision across the world, cures as by miracle from 
that account be deemed deadly illnesses, machines to which men delegate 
sentatives of ther day. heavy toil, dextrous manipulation, or mental exertion 
on of science done in these far beyond their own unaided powers, colours sur- 
we they changed the course passing the rambow in variety, all these things and 
ions raise further ones. Is more have come into being. The keys to unlock 


further or come to a halt? atomic energy have placed m man’s hands undreamed 

t It has brought us face to of powers which he may use for good ar evil. The 

3. Can the pursuit of know- keys which unlock some of the secrete of human 

a the concern of the few ? mality are slowly being cut, and men may soon 
using them to do we know not what. 


‘ynthesis, the law of universal Is this not history ? 
ion of the stellar universe as In the realm of ideas the story has been even 


hade probable by Copernicus, stranger and more turbulent. The conception of the 

d no longer be in doubt, and universe as & mechanism suggested a materialistic 

ho continuous elaboration of view of all existence, DnA, not to Newton himself, 

mors. Newtonian mechanics, and possibly less often to men of science than to 

mess of ical men, created onlookers ee of the real intention of sorentific 
id thereby made man largely hypotheses. The timé-scales revealed by geology and 
EOR, bringing him at biology appalled those who confused the literal truth 
Jd of extra-terrestrial ‘space. of “Genesis” with the basis of religion and morality. 

as, largely under the influence And when the theory of evolution completed the 
, more abstract character tothe outrage of man’s expulsion from the centre of the 
of space and time, matter and universe by denying his special creation, reaistance 
ange paradox of Nature it has rose to ita height. The opposition subsided only to be 
b recondite and immaterial of renewed at intervals agamst scientific doctrmes, all 
iy dae te AER lace at of which have been of unquestioned utility in ther 
ynfronted mankind with one of own spheres, about the unconscious mind, about the 
probleme it has ever faced. chemical bams of genetics, the functioning of the brain 
‘ y unrelated curiosities and nervous system, or about the imfluence of 


petm werd unified at long lass hormones on personality. 

electromagnetic doctrine. They Yet the men of scienco themselves, 90 far as can be 
' electrical engineering and eleo- judged, have numbered about the same proportion 
rotricate to trace m, detail, but of religious believers as the generality of people. 
> surely was gtided by the sımple Nor have they been conspicuously leas well endowed 
it these two great natural forces with kindness or morality. Indeed, an assurance that 


patiént génius with which he ultimate values of goodness and beauty can never 
of truth, wherever tt may 


n was in its way prophetic, but be shaken by the pursuit 
ontion of electric railways, of lead, is perhaps the sign of a robuster faith than is 
shown by recoil from every new and seemmgly 


mation. 
mtly disreputable ‘operations of disturbing fact. 
v into the science of chemistry. M , in the natural course of discovery and 
fruitful after two thousand yeers, interpretation, and uninfluenced either way by real 
pd replaced speculation, revealed or supposed philosophical or theological implications, 
wcret of Nature’s elementa and soientific ideas evolved in a direction where they 
pnus the creatim by man of largely lost again their mechanical and materialistic 
never knew. The stages in the semblance, and acquired & curiously abstract charac- 
somplicated, the interrelations and ter. Indeed, some physical prinerples (though not, 
of ideas and discoveries have I think, adequately understood), have even been 
rond the possibility of any brief used m the present century m support of idealistic 
ributions might come from any philosophies or to provide a doubtful support for the 
L probably be agreed, for example, otherwise respectable doctrine of free will. 
any through whom the wonderful The quantum theory added a new element, that of 
industry traces ita descent there discontinuity to the Newtonian conception of the 
1 gentleman, & French State official, world. Electrical particles, the building blocks of 


oolmaster, a German professor and matter, fillmg the universe with electromagnetic 
chemist. Truly waves by their motions had offered for a time a syn- 


dustrial research 
th where it listeth, and no man oan theais of grand simplicity, powerful enough to create 
seth and whither it goeth. the whole technology of radio communications, and 




















lante and animals, thb structure and a major pert of the electrical industry, yet itself 
> parts, have slowly unveiled their destined for a revolutionary metamorphosis. Nature 
Jology has jomed with chemistry to gradually disclosed that the invisible substratum of 
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things, electrons, particles and waves oould no. 
longer be described at all in terms a icable to the 
maoroscopic world of the senses. ‘Inturtive notions of + 
to ee a a 

of relativity the ides of a sub-atomic particle 


subject to the peculiar rule that only so. 
could be present in one system as were 


to-day an enigma which will 


reflexion in those of the stellar universe. How did 
the cosmic era start? Will it be renewed ? 
Is so-called ultimate particle iteelf a cosmos of 
still smaller things ? Is the known universe contained 
within a particle belonging to some higher order ? 
Mystery and fascination have no end, the pursuit of 
knowledge has no limit. Three hundred years have 
‘witnessed, the mogt colourful adventure ever under- 
en. Is this too not history ? 

Be ee oe ee ee 
Society, for its membership has known no restriction 
of race or nation. It has been proud to number e 
goodly proportion of the world’s greatest men of 
science among its Foreign Members. 

The real actors in the drama of these centuries have 
been, individuals, often rare individuals. What then 
in it all has really been the role of the Royal Society 
as & corporate body ? This question is related to that 
moet profound of problems, the’ relation of the 
individual to the 

The hierarchical ordering of things, which can be 
seen both in the morganic world and in the organic 
world, makes the community of one order the imdi- 
vidual of the next order, not only through the grada- 
tions of human society and the animal kingdom, 
but also in the relation of cells to tissues, electrons to 
atoms and atoms to crystals. An almost mete 
principle rules communities of electrons, 
influences co-ordinate the lives of separate cells, and, 
to quote a single instance from biology, some mysteri- 
ous kind of transmission beautifully regulates the 
flight of certain flocks of birds. 

The modes of communication in human societies 
are known; but what remains mysterious is the 
blend of rational and emotional influences that 
determines the response. The great movements of 
thought snd even the leaser anes of whim and fashion 
spread from leaders. Only minorities in general 
exercise an ind ent taste and judgment or 
produce origmal Yet at one time a prophet 
is followed and at another he cries in the wildernces. 
Avogadro and Mendel achieved ther fame post- 
humously. Literary reputations wax and wane. 
The shrewdest are unable to predict with certainty 
what public response to anything will be. The 
propagation of an idea demands the right conjunction 
of unknown, human factora, but even when these are 
propitious nothing will initiate the change save the 
operation of a minority small enough to defy statistical 
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EAEE E Often indeed the minority begin 
_ With’a single i who alone would be helpless ; 
“apd thia the majority, aad the minority ere held in 
mutual dependence. 


indifferent. What therefore must be created to medi- 
ste between the individus and the major group is a 


prine 
constitution of such a body are highly important. 
Specialixed organs of she Goverment are by 
themselves unsafe, being tao expased to the 
winds of . Universities suffer from the 
disadvantage that on one hand a given branch of 
knowledge is divided and scattered among many of 
them and, on the other hand, that they have com- 
peting i of importance: =0 them Com: 
with that of learing. 
therefore +6 the natural body to 
-commercial 


They can and do solicit and receive the help o learned 
men, they favour and encourage enterprises which 
tey adesto ba brody: ‘bat they carmot provide 

for men of science the intangible yət powerful 

which comee from acceptance and 


and of industry which in their tarn sze irrigated 
ee ee ee The intercourse 
on terms of equality between the reproeentatives 
of these different estates of the nation is like'a sensi- 
tive nervous mechanism endcwing the community 
which possess it with capacrties and pozentialities 
realizable in no other way. The subtle coordinating 


-action of an academy can no more be replaced by a 


bureaucratic organization or e system of economic 
incentives and deterrenta than the intricatecy evolved 
biological controls of a living organiam can bs replaced 
by crudely devised mechanical 

As Nature herself takes infnite pains over the 


anxious care of the academy, and iz 
most important thing it has to co. 

This, then, is the conception cf the Royal Society, 
EE een, re ren pee ee 


of nations, az 
of the Roye 
Nor is it toc 


NATURE July 23, 1960 von 187 


ion to its royal Founder, ments of higher ends. However that may be, duty, 
ae tradition of 300 years, and the zest of living unite their voices in 
sween the individual and calling for unremitting effort, not in the certainty 
on, the loyalty of the one but in the hope and faith that knowledge may 
aderstanding of the other. Sr ey oe E Ora a 
_atural sciences have con- gery be abolished, sickness healed, th le fed and 
t should justify the claim life made happier. If social and m problems are 
1 has borne good fruit. raised they are not essentially new but part of an age- 
restricted by the confines old drama, and should neither be allowed to cause. 
claim the Foreign Members despondency nor to justify obstruction or abstention. 
eadmg actors in rta story. The ancient choice between good and evil is in prin- 
atain that the flow of ideas rag porban Bi agent capt tna ae 
a scientific channels has en have always had to struggle with their environ- 
sontribute, sometimes in ment, with one another and with themselves. Not 
ywards the peace and har- exemption from , hostility or temptation but 
the power to sustain ther impact has made men what 
amoration, when the Royal they are. The great weapons have been the things 
3 of its stewardship before of the mind, and among the greatest of these is 
ok not only backwards but knowledge. While the old men dream dreams and 
3 be the future of science? the young men eee visions we should go forward 
Pp Naar cesta perhaps in undeterred, that the dreams may become reality and 
ractice. The equations of the visions be fulfilled. 
iogsible types of solution for This commemoration is for us & great event in our 
od catastrophe have been history. The future is unknown. The chronicles 
ad or another, in spite of record the actions and the thoughts of men, and if, as 
n and starvation, or, through well may be believed, thought is a creative process, 
by wholesale destruction in then the future is more than deeply hidden: it is 
ued and accelerated progress uncreated. The golden promises offered by the 
foretold, the curve sweeping release of nuclear energy, by the exploration of outer 
ar ag each advance im know- space, by the discoveries of genetic mechanisms may 
sibilities of further discovery, im one way or another be redeemed, but the best are 
iously assumes control of his yet unspoken. A great upheaval of ideas may coke 
Between lies the third and with a complete re-oriontation of science m its 
~ that the curve will level out relation to philosophy and to the conception of 
t the equations are insoluble, possible worlds. But we know neither the day nor the 
we know. The uncertainty hour. . 
ae people ; but their timidity It is the duty of the Royal Society not to predict, 
useful. There has seldom, if nob to legislate, but to maintain within the larger 
ee EN, community the smaller one in which creative activity 
tee precarious, yet the right can flourish. Ite members owe a multiplicity of 
in action. Faith in the future loyalties, none of which oan be fulfilled without the 
w survival value. The better others: to mankind im general, to their native land 
more likely to survive than the and to the Royal Society itself. But that is not all, 
ob only to save themselves but for there are communities in time as well as space. 
The most original minds, in some sense isolated in all 
a of science is therefore clear. contemporary groupings, find their true affinities in 
. leterred by any of the uncer- continuing the sequence of ther predecessors, and 
nee is not Incomperible with or their fulfilment only in their successors. In a measure 
e kind of faith. Indeed, there this is true not only of genius but of all men. 
inconsistency in believing that It is what moves us in history. It is what the honour- 
+ iteelf one of the great instru- ing of this occasion means. 


-T: DISCOVERIES IN THE CHESHIRE-SHROPSHIRE BASIN 


By Sin WILLIAM PUGH, O.B.E., F.R.S. 
director, Geological Survey of Great Britaln and Museum of Practical Geology 


1 mile survey of the Oheshire  stratigraphical knowledge was lacking of the Keuper 
axtension into north Shropshire rocks and, im particular, of the number and extent 
3 Geological Survey of Great of the rock-salt beds within them. To facilitate the 
8 programme of work authorized interpretation of the disposition of these rocks below 
it of Scientific and Industrial the Pleistocene cover and to assist in the mapping of 
ahing completion. The Triassic them, a acheme of shallow exploratory boreholes was 
concealed ye thick superficial utilized. A series of twenty-five boreholes, 300- 
ocne sands and clays; detailed 1,000 ft. deep, were drilled within an area of 800 
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square miles in the Cheshire Basin; and one deep. 


borehole has just been”ocompleted at a depth of 
5,531 ft. 


strata, exposed in the Prees outlier, which extends 
south-westwards from south Cheshire into - 
shire. Sited at Wilkealey (Cheshire) about five miles 
oast of - Whitchurch (Shropshire), the borehole 
revealed a thickness of 4,969 ft. of Keuper rocks, and 
a concentration of rock salt in two groupe (each with 
subordinate marl partings) which together total 
1,952 ft. in thickness. An abridged log of the bore- 
hole is set out below, using names for the newly 
established divisions of the Keuper : 


7 (ft.) 4) 
PLMDSTOCEE : sands and clays 58 58 
: olay with limestone bands: both 
wub-zones of the Psiloceras planorbis sone 
are identified 400 518 
BuARTIo : mudstone and black shale ti 5o 
Uppor Kevper Meri: mari, ‘tea-green’ in 
top 60 fh; at 050-70 fi 578 1,141 
Upper Bede: rock salt 
with subordinate of mari 1,887 2,463 
Middle Kouper Meri: mari with subordinate 
gypsum and 1,073 3,541 
Lower Kouper Bede: rock salt 
with subordinate of mari 025 4,166 
Lower Kouper Mari :. tari with subordinate 
F visionally oaled Upper Keuper E NER 
pro pper 
Biltstone, mudstone and aflty sandstone, si 
pro- 
visionally identified as Keuper Waterstones 176 5,531 


“The borehole failed to reach the base of the Keuper 
Beds; Permo-Triasaio rocks older than the lowest 
bed reached are about 3,000 ft. thick in other perts 
of the Cheshire Basin, but not necessarily at Wilkealey. 

The i of two groups of saliferous beds im 
this borehole, rather than one as previously believed, 


” 
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t- consequences ‘when the lateral extent 
of each group is delineated. The dii-eetablished salt 


“industry of Northwich and Winsford is now known 


to-be based. on the lowec group; ar. the other hand, 
the industry farther south at Sandbach and Middle- 
wich appears to take ite salt from ihe upper group, 
the lower group not yes having been exploited in 
that southern region. 

The area occupied by the lower group from ite 
western and northern macgins to the eastern boundary 
fault of the Cheshire Basn is about 400 square miles 
and that of the upper groap is about 170 square miles. 
The reserves of salt which oould ceasonably have 
been computed before the drilling f the Wilkesley 
Borehole have been at Jeast doublec.; æ provisional 
estimate amounts to 40C,000 millior. tons, of which 
more than 60 per cent ia in the lower group. ` 

The outcrops of the main divisions tabulated above 
will be shown on the forthooming rffoial geological 
mape of the Basin. Their 
recognition will enable a new degrwe of precision to 
be brought to the long-term planning and execution 
of brine-pumping. galt encountered in the bore- 
holes was cored and is being systemtically analysed 
so that details may be made availetle for industry. 

ee ee ee 
boreholes near the western margin of the basin, 
namely, that at Old Beachin Farm, aix miles south- 
south-east of Chester, entered. barran Upper Coal 
Measures beneath the Pleistocene deposite enabling 
the mapping of an inlier o7 Coal Measaires surrounded 
by Permo-Triasasio rocks. The boreho» was deepened 
le with the Erbiatook 


sabes of the Cheshire—Shre 
t depths t too great for aan exploitation. 


PERIODIC MAGNETIC FIELD FLUCTUATIONS IN THE 
SCEPTRE DISCHARGE 


By Dr. N. 


L. ALLEN 


Research Laboratory, Assoclated Electrical Industries, Aldermaston Court, Aldernaston, Berishire 


LTHOUGH the discharges in Zeta, Sceptre III 


shown fluctustions of magnitude 
about 10-20 per cent of the average magnetio fields 
in the di and mean frequencies in the range 
104-10" o.p.s.‘. Also, some correlation has been 


magnetic fluctbuations.*. 

A possible theoretical explanation. of these fluctus- 
tions has been given by Ware’. This has recently bean 
extended! by including the Hall e.m-f. in the electron 
conduction equation, and it has been suggested that a 

hydromagnetio instability will propagate as a wave. 
The experiments reported here form part of a search 
for disoernible instabilities of this type. 


Experlmental Arrangement 


t is shown in Fig. 1. Ten small 
Seah ote cach Se ab tae cE 44 8.W.a. copper 


wire, were wound at mtervels of 1:25 an. on a 4-mm. 
diameter ‘Bakelite’ rod. The aseambir was enclosed 
in a T-shaped tubular glass envelope, with the ooil 
leads taken out through the side-tube It was then 
inserted mto the torus through a sit window and 
rotated until the common axis >f the coils 
was parallel to the toroidal axis (mglecting the 
curvature of the latter over the length of the coil 
assembly). 

The coils were positioned st radii up to 10 om. from 
the centre of the toroidal tabe, which had a minor 
diameter of 80 am. ; thus they ware 5 om. from the 
gules aa ot Sis veel a ee 

ee ae of eech coil was led zo an integra- 
sa oe yed on a multi-channel oscilloscope. 
, correlation in time >etween the response of 
the col eiival coils was obtained on g aingle photo- 


The plasma was produced by discharsing a 36, 000- 
joule condenser bank through the primacy of 
the machine. The condensers were charged to 20 kV, 
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4 ratio of 16: 1 this gave an 
‘8 per turn in the gas of 1,250 











gaum at the toroidal axis was 
suterium pressure was 1-4 x 
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Fluctuation Behaviour 

Typical oscillograms obtained with thie arrange- 
ment are shown:m Fig. 3. The-pattern of periodic 
‘dips’ or minima in ic field was obtained in a 
region between 6 and 10 am. fram the centre of the 
discharge tube along radii towards the outer wall. 
Further probe measurements showed the existence of 
similar patterns atoorresponding radii near the other 
walls of the torus. The pattern was found to be 
repeated in these regions in 65 out of 86 discharges 
examined ; in the remaining 21 cases the pattern was 


‘leas regular, or showed few Doom ‘humpe’. 


The magnitude of the ‘drps’ varied from ~ 200 to 
~ 1,000 gauss. 

The time-intervals between pairs of minima varied 
between 25 peec. -and 100 psec. with an average of 
~ 45 usec. for 118 cases examined. A histogram 
showing the frequency distribution of these intervals 





2 wm o v © 7 yv 90 100 110 120 
Time (asec.) 


3, Histogram showing frequency distribution of intervals 
abies between mintma. 0. of perioda measured = 113 - 





Fig. 4. of signals from probes placed on opposite 
o£ disoharge. (350-meec, sweep 
Upper, No. 4 probe, centre + pan? Jower, No. 8 probe, contre — 
om. 
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Fig. 5. Owcilograms 
outside wall of torus; lower row: probes 7 5 cm, from upper wall of torus. Base line in sach oeciilogra:mn 0-100 seco. 


is given in Fig. 3. Measurement with a travelling 
mi showed an increasing time-lag between 
minima on No. 1 ooil and those on succeeding coils up 
to No. 10. The average time-displacement between 
the end ooils for 72 minima investigated in this way 
was 8 psec. over the total length of 11 am. covered by 
the coils, wrth intermediate time differences recorded 
by the intermediate coils. 

Further mvestigation into the nature of the 
fluctuations was made by inserting e 10-channel probe 
across the discharge to measure axial field changes at 
2:5-om. intervals. Specimen oscillograms obtained 
are shown in Fig. 4, from which it ıs clear that an 
anti-phase correlation existed between peaks and dipa 
occurring on opposite sides of the centre of the 


arge. 

Fig. 5 shows the relationship between the patterns 
obtained with T-shaped probes inserted along radii 
at right angles to one another in the same crose- 
sectional plane. The interval between peaks on the 
individual oscillograms (shown here on a fast sweep) 
was ~ 80 usec. and the minima were displaced about 
15-20 seo. with respect to one another. 

In Fig. 6, the average axial and azimuthal oom- 
ponents of the discharge magnetio field. relevant to 
the observations quoted above are ahown. These are 
plotted, at peak discharge current, against tube 
diameter for the game imitial conditions. The 
T-shaped probe covered the arees about A. They 
are on steeply rising parts of the Bẹ component in 
which the resultant magnetic fleld ‘wave-lengths’ 
(8nr By/Bo) vary between 26 and 175 am. 


Discussion 


Tho time-displacement of minima slong the probe 
assembly indicated either a velocity oomponent of 
the pattern in the axial direction or a rotational 
motion in the azimuthal direction of a disturbance 

ing at some angle to the probe axis. The techniques 

here could not distinguish between these two 
alternatives. 

Taking the former possibility : a total of 72 minima 
was followed in their progress along the probe 
assembly and a spectrum of axial velocity component 
obtained as in the histogram of Fig. 7. The velocities 
showed a maximum in number at about 1-5 x 10% 
cm.jeec. A group of 17 minima existed in which a 
velocity was not resolvable, since they showed no 
significant time displacement along the probe. These 
are shown here as having a velocity >5 x 10* om./sec. 
However, these minima could equally well correspond 
to a pattern of zero axial velocity component appear- 
ing smultaneously on all probes. The resolvable 
velocities (55 cases) were in the direction of positive 
ion drift in every case. 
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of signals from T-probes along radii at right angles to eech othar. U>per row: precedes 7 5 om. from 
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The alternative of axtmuthal movion of an angled 
disturbance would ind.oatve an angular frequency 
spectrum similar in profle to that cf the distribution 
of Fig. 8, where the tme axis is replaced by the 
reciprocal of the frequency. At & mean radius of 
8 om. from the centre, ths to & mean 
peripheral velocity of tke order 1-C x 10* om./seo., 
assuming only one perturbation for each rotation. 

The results are consistant with a model of a helical 
disturbance moving, axully or azimuthally, im the 
discharge. This model is supported by the observa- 
tions, with probes on either side of the discharge 
centre, of an antiphase ocorrelation and by the 
observation of a phase shift between the two probes 
at right angles. The resuts suggest tae presenco of an 
m=i] type of instability- Such bekaviour has been 
reported by other experimenters’, a= lower discharge 
currents. The present reenits do not depend oritically 
on discharge ourrent va ues, since the fluctuations 
occur over a considerable part of the ulse. 


6,000 Outer wall loner wall 





Tg. 6. Average values of magrmilcctiald oomp-nenis Bog, Bp as 
a fonction of pontica m discharges tube 


282 











| . NATURE 


230 85 4 Bo 
— amje.) 

i t 
velostiy component. spectrirm; 


-, of average value 45 paeo., 
notions, a wave-length of 
oaity of 1- 5x 10 am. jso. 


ations lies within the range 
sió feld helicity. If the 
, zio fleld wave-lengths are 
ser, the variation in time 
18 given, may be 
. lateral movement of the 
arturbation velocity. 

te that the fluctuations are 
zm. wide annular region of 
_ensity plota, derived fram 
' 0w this to be the region of 
. ze current channel. This 
‘ æmblanoe to the result of 
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Conclusion 


Pf isa E a at pee a de Gee 
a ccea? ae 
near the discharge channel surface. 
eC a aoe ee cs a 
an average velocity of-1:5 x 10* am./aec. or in the 
azimuthal direction with an average rotational 
frequency of 2 x 10‘ o.p.s. or could be a combination 
of both types of motion. Variation in the fluctuation 
period during the pulse-time is probably due to 
general movement of the discharge as a whole. 


I wish to thank Mesars. H. B. Mundy and V. C. 
Cloke for their operation and maintenance of Sospire 
III. I am grateful to Mr. M. J. Bolton for experi- 
mental assistance, to Dr. J. A. Weason for discussion 
and assistance with -measurements and to Dr. A. A. 
Ware for his interest and advice on the programme. 
Thanks are due to Dr. T. E. Allibane, director of the 
Research Laboratory, Associated Electrical Indus- 
tries, Aldermaston Court, for permission to publish 
these resulta. The work has been supported im part 
by the United Kingdom Atomic Energy Authority 
and is in association with the Controlled Thermo- 
nuclear Research Programme of the Atomic Energy 


' Research Establishment, Harwell. 


1 But, H. P., of al Pron, Beond T-N, Int. Conf. on the Peaceful 
Uses of Àtomio Anergy, 81, 42 (1058). 


aan d P., and Ware, á. å., 
on the Peaceful Uses of Atomis 


* Ware, A. A., J. Nuclear Bnergy, Part O (to be published). 

3 Sawyer, G. A., Soott, P. L., and Stratton, T. F., Phypoioe af Ftwids, 
TG Goi. 

bad Seii z: . Kranz, À. Z., and Tenney, F., Phyrice of Finds, 8, 


 CTRAL REFLECTIVITY OF ORE MINERALS 


By I. GRAY and Dr. A. P. MILLMAN 


Aie eae 


i 

| study af opaque ore minerals 
z ore-miorosoope, reviewed 
dat their identifloation by 


' Ty, reflectivity _ mic 
æ subject of investigations 
ad Taylor?., and it haa been 
at of these two properties 
en method for the 


xæ Sager are absolute, the 
za are only relative, sinoe they 

-y comparison with arbitrary 
ie of which have not been 
is communication records the 
qd absolute values of reflec- 
əd by other workers for ocali- 


Schoo! of Mines, {mpertal nee, of 
echnology, London 


bration of their equipment, and for standardization’ 
of measurements. In addition, the application of a 
photo-conductive cadmium sulphide oell is described 
which has been used successfully for measurement 
of the spectral reflectivity of opaque mimerals for 
different wave-lengths of incident light. 


Standardization : 

Published reflectivity values in white light have 
been based on pyrite as a relative standard with 
which other mineral surfaces have been compared. 
The choice of this mineral as a standard is unsatis- 
factory, however, due to variation im composition 
and inherent anisotropy. 

For calibration purposes, measurements have been 
made of absolute reflectivity throughout the spectrum 
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for standard reference surfaces. The standards 
selected were chosen for their oibility and 
and were: (1) poli basal section of 
quarts, and (3) natural surface of pure mercury under 
a glaas oover-slip (thickness 0-216 mm., refractive 
index 1-52). These two standards normally suffice 
for the photo-conductive cell which gives a linear 
response. As a check on the lmearity of our i 
ment, two other surfaces were measured ; 
were (8) natural besal orystal face (0001) of hematite, 
Fe,O,, and (4) polished cube face of pyrite, FeS,. 
The reflectivities: of these four surfaces, at ten 
points throughout the were determined 
by the National Physical Laboratory (NPL Reference 
0.1959.84), and the results are shown in Fig. 1. The 
method of measurement employed for each specimen 
was specular reflexion from an area 0-6 mm. X 
0-45 mm. for a oone of radiation, semi-angle 4°, 
angle of incidence 5°. From these results white-light 
values were computed which allow for the 
distribution of a tungsten-filament | aig tooo at a 
L E E K., and for response 
profile of cadmium sulphide cell. 


Equipment 


The standard values determined by the National 
Physical Laboratory were used for calibrating our 
i t for the measurement of monochromatic- 
and white-light reflectivity. The apparatus consists 
of a Mullard ORP.11, cadmium sulphide photo- 
conductive cell fitted into the Wright ocular of a 
Cooke, Troughton and Simms ore-mi . The 
cell is in circuit with a variable 0-100 V. d.c. energiz- 
ing source, the current output being recorded on 4 
spot galvanometer. For spectral determinations, 
Iford filters of effective band-widths not exceeding 
350 A. are used; the wave-lengths of maximum 
response of the measuring allowing for the 
characteristics of light source, filters and oell 

are as follows: blue 470 mu, green 520 mp, yellow 
575 mp, orange 600 mp, red 700 mp. Under standard 
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cénditions, with an objective af 0-65 N.A., a 10° cone 

of incident light, and a stabilized 6 ¥. 48 w. tungsten- 
filament light source, tae output ef the ocell varies 
between 1 pamp. and 5 m.amp. scoording to the 
surface measured and wave-length employed. 


Results 


To illustrate some of the charactecistics of spectral 
of anisotropic opeque mineras, three examples 

have been selected from the many oriented minerals 
which have been examined in plans-polarized light. 
Fig. 3 shows the profile in the two princrpal 
directions of reflectivity. Re and Ry, in the case of 
covellite, Cu8. At yellow wave-lengths, which 
approximate to white light, RE, > Rea but in blue, 
green and red light, R, > R, (although to the eye 
R. < R.). Moreover, a about 55) and 640 my, 
R, = Re, that is, the mineral is no longer bireflecting 
This ‘bireflexion seversal’ has not 
i que minerals due to 
intensity insensitivenees, and chromatic bias of both. 
the human eye ‘and the conventional selenium photo- 
electric cell. This phenorcenon of reversal is analogous: 
to similar properties of directional refractive index. 
in transparent minerals, based on sgn of character 
of uniaxial or biaxial birefrmgenoe. The suggested 


Re > Re 

In Fig. 8, a comparable type of profile is shown for 
umangite, Cu, Ben. with sarong absorption at yellow 
wave-lengths. In this case, howevse, there is no 
reversal of bireflectance; minimun bireflectance 
occurs at 580 mu. This mineral is particularly inter- 
esting since visual estimases of colour and intensity 
suggest opposite bireflectance at rec wave-lengths, 
ota “pak kre ag 3 are the profiles of pyrrhotite, 
Fe,,8, with but lower birefleo- 


tance. R, is consistently greater then R, (negative 
bireflectance), and maximum reflectivity occurs at 
green wave-lengths, with absorption towards the 
blue and red ends of the spectrum. 
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-procedure employed has 
aations to be made of the 


H. Frands _ 

A T , ab the 
hirty-two. While climbing 
was overtaken, by a sudden 
3 victim of a heavy fall of 


ong. 
Inda on August 11, 1927, 
the War in Adelaide, South 
~- his school-days finished at 
26 returned to England and 
Arm, in which he served for 

-niversity career was divided 
Jxford (1947-850), where he 
ws in geology, and Olare 
58), where his work on the 
morphic complex of Glen 
~e, formed the subject of a 


-ined the staff of the Depart- 
he British Museum (Natural 
Toer ; he was one of the two 
Museum’s collection of rocks. 
xromoted to the rank of senior 
atinued in, that rank until his 
devoted his three years at 
ve and detailed study of the 
<, it was only natural thas 





petrological work of a more 
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abeolute reflectivity in air of oriented polished seotidns 
of opaque ore-minerals in both monochromatic- and 


i ite change meee with photo 
oa i is particular. ipparent 
with wide band-width filters using “ite com- 


a tated conta dE a a Gea ad 
reflectivity of about 200 oriented ore-mimeral oxides, 


‘sulphides and sulphosalta, and the application of the 


data and technique to the annie identification 
of economic minerals, are to be published in full 
elsewhere. 


1 B. N., “The Btady of Minerals in Reflected Light’. 
bea ee Rie Fe tc er art rota sierra Reflected Tight.. 

1 Nakhla, F. IL, oon, Geol., 81, 811 (1056). 

* Bowle, 8. H. U., and Taylor, K., ature, 179, 628 (1057). 

t Bowts, B. H. U., and Taylor, K, Mining Mag., 90,265, 337 (1058) 


OBITUARIES 


years in the Britsh Museum he published several 
a ae ae 
their i was especially interested in 
metamorphic 
trivutona on tho subject are worthy of not, It is a 
matter of regret that his unexpected death left so 
many of his works incomplete or unpublished ; some, 
ea ‘Alkali Metasomatiam and 


will be 
De ance wae neice 
career was pli 
tions—to South Peru in 1954 and 1959, and to South 
Greenland in 1957. The two Peruvian expeditions 
oe ee ee eee ee 
study the nephelme-syenite Allincoapao masmf, 
rising to a height of nearly 19,000 ft. in the Provmoe 
of Carabaya ; the purpose of the Greenland expedi- 
tion was to undertake & study of the same rare rock 
type in a classic area and to collect specimens of other 
rocks. All three expeditions resulted in the production 
of useful topographical and geological maps and (im 
the cage of the 1954 expedition) a paper on the general 
geology of the area. The Peruvian expeditions also 
afforded for archæological work; Dr. 
Francis lished an account of two hitherto 
unrecorded pre-Columbian. ee 
Quilliquilli in the gorge of the San Gaben, and he 
avant Ra five etnine: of atiina deformsd hannah 
skulls from mummies of the period. 


Francis than was the nepheline-syenite, and he made 
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first ascents in both countries. Indeed, he waa a noted 
climber, having been chosen to take part in another 
assault on Everest in the autumn of 1958 if the first 
saeault should fail. “He was a former member of the 
Mo i Clube of both his Universities, being 
treasurer at Oxford, and had undertaken many Alpine 
climbs of the utmost severity ; the 


Mountaineering Council, and he had helped edit a 
guide-book to selected climbs in the Mont Blans 


range. 
Dr. Francis’s quiet and modest manner gave no hint 
of those qualities which made him such an outstanding 
leader—initiative, loyalty, courage, perseverance and 
stamina. His enormous senge of fun helped him to 
enjoy every sspect of his happy and varied life. He 
will be greatly missed, both as a scientist and as a 
friend. 

He was married to Gillian Hemens m 1954, and 
leaves also a son and infans daughter. 


A. J. Onana 


Dr. H. F. Barnes 


Dez. H. F. Banwas, senior principal scientific offloer 
in the Entomology Department at Rothamsted 
Experimental Station, died suddenly on February 5, 
ag the early age of fifty-seven. He was at the height 
of his scientific output, and still fall of activity and 
ideas for the future. 

Educated at Bedford School, he obtained hia B.A. 
and M.A. at Oxford, and Ph.D. at London. His 
ee ree an Mio groon o£ Tou 
known as gall-midges or Cecidomyidae; but his 
approach was @ very: wide one, inoluding their 
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Royal Navy Hydrographic Department : 
Rear Admiral K. St. B. Collins, C.B., O.B.E. 
Ox July 7, Rear Admiral K. 8t. B. Collins was 
succeeded by Rear Admiral E. G. Irving as hydro- 
grapher of the Navy. Admiral Collins has held office 
for five yeers in a difficult of retrenchment 
and staff rediiction which have bean imposed upon 


the H; o Department in common with 
other branches of the Royal Navy. But despite these 
reductions, the Department, under Collins’s 


Decca a ge oar ood doe 
for charts from the merchant navies of the world. A 
new record was achieved in 1957, when 1,404,450 
oharta were gold, and only a alight reduction. in sales, 


ee ee ee 
ology of ocean floor. These sheets are regularly 
supplied to the International Hydrographic Bureau 
for use in the compilation of the General Bathymetric 
Chart of the Oceans. Admiral Collins has served aa 
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eddnamic status and ratural conmzrol; their geo- 
graphical and food-plaat range; systematics, in- 
cluding a very close stcdy of biolcgical species and 
races; their parasites and phenclogy; and par- 
ticularly the accurate sudy of population changes 
by field measuraments. At Rothamsted he assessed 
psa population-levels of-two species each year for 

ane than twenty-five rears, providing a wonderful 
hanis for the discussion of insect fluctuations and 
their causes. His work œn the groug—which covered 
the whole world—was published in more than fifty 
papers and seven (out of @ contemplated eight) 
volumes of his “Gall Midg=s of Foonomic Importance”. 

His collection, now in the British Tfuseum (Natural 
History), was unique in ite coverage of the economic 
species of the whole world and in ia long series of 
hundreds of specimens fom different localities and 
bred from different host-dlants. From this material, 
Barnes was able to solve many questions aa to the 
identity of insects causing similar damage in different 
countries. 

For some years, during the War aad after, Barnes 
took up the study of injurious sluge in Britain, and 
once more tackled the cuestion of accurate assess- 
ment of population and population changes in the 
field. 


He was zoological secrstary of ths Association of 
Applied Biologists durirg 1939-44 and treasurer 
during 1947-60. He also edited the Bedford Naturalist 
from 1952 until his death. He paid a number of 
visits abroad, where his -eputation was high owing 
to the world-wide outlook on every problem that he 


tackled. 
On the side, I may add that I worked 
side by side with him at Rothamsted for more than 
twenty years, and found him a good friend, a stimu- 
lating companion and a «ery loyal colleague. 

0. 3. WILIS 


VIEWS 


chairman of the World Geomagnetic Survey 
and the Physical Oceanography Suk-committee of 
the National Committee for Geodesy and Geophysios. 
He was a member of the National Oceanographic 
Council and a member of the Execut-ve Committee 
of the National Institute of Oceanography. He 
served on the National Commitee Zor the Inter- 
national Geophysical Yeer. During his period of 
office, he was able to grant a considerable number of 
facilities to scientists in Ser Majesty's surveying 
ships, this bemg in the best traditiors of the Sur- 
veying Service, while oceanographic tasks for the 
National Institute of Oceamgraphy, ths Department 


introduction of electronic aids for the ship 
while sounding and for base measurement of tri- 
angulation have been generaly introduced 


was, however, always quick to pomt out*the gross 
errors thet may be introduced into electronic systems 
by careleasmess and insisted that they should be 
subject to frequent check by ‘rell-tried visual methods. 


niral E. G. Irving, O.B.E. 


who succeeds as hydro- 
a H.M.S. Royal Oak as a 
volunteering for 

1931. Since then he has 
on hydrographic survey 
3 world, moludmg surveys 
North-Weet Europe during 
le was awarded OBE. 
aii He has commanded 
and has held 

ie to 20 tho hydrographer and 
3 in the Hydrographic 


Zollege, London : 

Prof. W. Robson 
x, who is retiring from the 
ing’s College in the Univer- 
of London’s moss senior 
: of King’s College, he re- 
a lecturer m physiological 
a member of the Board of 
since ite formation in 1929 


to faa ad for more 
pee and nurturing bio- 
ancy in the ‘twenties to the 
> ‘sixties. 

Prof. H. Harris 


vill succeed Prof. Robson, is 
atributions to the study of 
application of biochemical 


came interested in problems 
ag this period, and in 1047 
L. 8. Penrose m the Galton 
ity College, London, as a 
the Royal College of Phys- 
quick to realize the poten- 
-phy and electrophoresis in 
increasing requirements for 
are met by his appointment 
the Departments af Genetics 
In 1958 Dr. Harris was 
rer in the Department of 
don Hospital Medical College. 
the Rockefeller Foundation 
to expand his field of work. 
contributed notably to the 
ject by the production of his 
sion to Human Biochemical 
Human Biochemical Genetics’ 
presented lucid and critical 
anding research m matters of 


ce. 


and Steel Institute 


i Tron and Steel Institute has 





! 1 medal award, to be known 
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as “The Medal of The Iron and Steel Institute”. 
This Medal is to be presented on special occasions to 
societies which have, in the opinion of the Council of 
the Institute, rendered exceptional service to science 
or industry over a lengthy peri iod. The first award 
of tho Medal i» to be mado to the Royal Booisty. in 
ition of its unique service to science over & 
period of three hundred years. The Medal was 
presented by the Hon. R. G. Lyttelton, past-preaident 
of the Iron and Steel Institute, et the Tercentenary 
Celebrations of the Royal Society on July 18. 


Advisory Council for Research and Development in 
Fuel and Power 
It is announced that the Scientific Advisory 
Council to the Minister of Power has been recon- 
stituted and its terms of reference amended so as to 
emphasize that ita advisory functions cover ell 
aspects of research and development concerned with 
fuel and power from the laboratory to industrial 
lication. In order to ensure the co-ordination of 
advice which the Minister receives on research 
and development matters, the Council will take over 
the functions of the Ministers Fuel Efficiency 
Advisory Committee. This Committee is accordingly 
being wound up and the Council is being invited to 
int & Committee on Fuel Technology. 
Advisory Council on Research 
velopment are as follows : Chairman, Bir 
Alexander Fleck; Deputy Chairman, Captem (E) 
W. Gregson ; Members, Lieut.-Colonel 8. J. M. Aid 
(oil industry consultant), Dr. 0. M. Cawley (chief 
scientist, Ministry of Power), Mr. T. B. Clark (Im- 


W. A. Macfarlane director, National 

Industrial Fuel Efficiency ice), Sir 

ville (secretary, t of Scientific and Indus- 

trial Research), L. Rotherham (member for 
Generating Board), Prof. 

M. W. (University of Sheffield), Dr. F. A. 


Vick (deputy director, Atomic 
Establishment, Harwell), Mr. A. H. A. Wynn 
(scientific member, National Coal Board) ; Assessors, 
Mr. P. Chantler (economic adviser, Ministry of 
Power), Dr. E. Lee (director, Stations and Industry 
Divisions, haga of Scientific and Industrial 
Research), Mr. H. T. Ramsay (director, Safety in 
Mines Research Establishment Segre! of Power) ; 
Seoreariat, Dr. E. N. Eden and Mr . E. W. Prion 
(Ministry of Power). 
The Nationa! Counc! for Technological Awards 
Tua report of the National Council for Techno- 
logical Awards for the period April 1959-March 
1960 records the agreement of the Minister of 
Education to an amendment of ita constitution so e8 
to ensure the inclusion, of principals of colleges of 
advanced technology, and three such Soe a 
Dr. E. C. Edwards, Dr. J. 8. Tait and .F. R. 
Venables—have been nominated by the Minister es 
members (Pp. 26. London: National Council for 
TE a Awards, 1960). During the yeer, 
courses at Bix 00 were i E8 
ing a the Diploma in Technology, five courses 
seven courses refi back. Since 
cee tl 1956, 100 courses in‘ all, ab KSAS 
colleges, have been recognized as leading to 
nei researc reopen tir 
and the number of students attending the first year 
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of guch courses is now 1,558, including forty women 
studenta : 129 studente gained 


industrial training for the Diploma in Technology 
and the collective responsibilities of the firm and the 
college in this field. A memorandum setting forth the 
requirements of the Council, the responsibility of the 
firm and the ility of tho college: has been 


a aes ea 


recognized as 
Technology (Liss No. “AL 
Pp. 5). 


Polar Research In the U.S.S.R. 


Tus first Arotic drift expedition, led by I. D. 
Papanin, took place in 1937-38. Six expeditions of 
the same type followed, and since 1954 drifting 
Arctic stations are a constant feature of the regular 
survey. Recent progress of this work is reviewed by 
P. A. Gordienko (Priroda, 6, 38 3 


Lomonosov ridge. The work of the Antarctic expedi- 
tion of the Academy of Sciences is under 
, K. K. Markov and V. I. 


tment with indications of 
ranges and rift troughs. 
International Bird Preservation 


Iv its annual report for 1959 the British Section 
of the International Council for Bird Preservation 
announces the additions of the U.8.8.R., Portugal 
and Malaya to the national sections of the Council, 
bringing the total number of subscribing countries to 
forty-eight. Another important event been the 
AEEA up of a special sub-committee of the 
British Trust for Ornithology to investigate the 


probable mountain 
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injurious effecte of pessicides on wild life. Refer- 
ence is made to the mass destruction of small 
birds in Italy to be served up as savoury dishes to 
touriste. Individual tcurista, it ie claimed, can do 


The Indonesian authorities are 
trying to control the o:andestine traffic of birds of 
paradise plumes betweec New Quinse and Singapore. 
These beautiful birds fase the threat of destruction 
while their plumes are in demand for purposes of 
personal adornment. Ths report alse points out that, 
while Lord chester wae one of the first to raise the 
question of oil pollution of the seam the House of 
Lords nearly forty yeare ago, the evil still persists. 
When the International Convention for the Preven- 
tion of the Pollution of tte Sea by OH came into force 
on July 26, 1958, eleven maritime countries had 
ratifled ; on Maroh 2, 1959, Finland ratified, thus 
bringing the total up to twelve. It has since been 
announced that the United States has also accepted 
the International Convention, though with oertain 
technical reservations. The report of the British 
Section may be obtained from ths International 
Council for Bird Preservation, o/o British Museum 
(Natural History), Crom¥ell Road, London, §.W.7, 
price 3s. 


South Australia Museum 


Tam annual, report for 1958-59 of the South 
Australian Museum in sommenting on the field 
work accomplished describes fhe search for Ter- 
tiary mammalian records in ths Laxe Eyre Basin 
(Pp. 15. Adelaide: Gcvernment Printer, 1960). 
This was a joint expediion with ihe Uni 

of California and enablec a clearer picture to be 
obtained of the stratigraphy of the region than had 
been possible before. Several other 


group has also been formec and is being fostered by 
the museum. Ite activities—in which many members 
of the staff take part—has added many specimens to 
the marine collections. 


Classification of Pharmaceutical Preparations 


ee T 
pharmaceutical preparations, special 

feosiaesy bo fresco take of Panie and other 
Pal 40 which shay mae cave res. Trade in pharma- 
ceutical ations must ke controllec, and for this’ 
purpose a tion of scoh must be 
established. Twenty years ego it was relatively easy 
to establish such a classification, bus since then 
hundreds of new ions have been put on the 
market, and earlier systeme of classification do not 
fully satisfy present requirementa. The principles 
which. inspired or still inspire such classifications vary 
from country to country. ‘These regulezions contain 
two common elements: pharmaceutical 
preparations may be supplied only agairst a medical 


possible attempt at obtaining uniform-ty" is beset 
with difficulties. A survey of comparative health 
legislation besed on health laws and regulations 

published in the Internatsonai Digest of Fealth Legis- 


‘Stationery O- 
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ahe various systema of 
tical preparations in ten 
out the divergences in 
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e Nose and Skin 


ze of penicillin-resistant 
-0 noses of those working 
nillin factories has been 
heo presence of penicillin 
Vilhams Smith and W. E. 
lth Trost Farm Livestock 
æa, decided to determine 
otice of feeding pigs and 
hets containing antibiotics 
us population of the nose 
- that of their attendants in 
and Bact., 79, No. 2, April 
ns where antibiotic feedmg 
there anitubiotic feeding had 
2 approach was indicated to 
arrent agricultural practice. 
able to examine as many 
-would have wished because 
allin additives in pig foods 
sded by tetracyolme addi- 
. in chickens it was possible 
zeding with penicilin and 
stracycline together, for it 
Jenicillm with one or other 
2et antibiotic-suppleamented 
tigations showed, antibiotic- 
h more prevalent on animals 
taining antibiotics than on 
diete that did not contam 
s also to their attendants. 
ar tests showed that the 
ams isolated from the 
identical with those isolated 


vers 
Britam have had varying 
to rid their sewérs of rate. 
og has been growing that a 
average level of infestation 
uld be achieved, and that 


' for all the effort axpended. 


or so, the introduction of 
directed 


actory 
ances. A Technical Bulletin 
Y. Bentley, of the Ministry 
3 and Food, has been written 
trend (No. 10: Control of 
iii+22+4 plates. London: 
ə 1960. 2s. 6d. net). It 
æ of the ecology and behaviour 
mns and the several ways by 
» brought about; its main 
a for effective planning. 


3 


television services of Great 
constant review by the Post- 


July 23, 1960 vor 167 


master-General and his Television Advisory Com- 
mittee. Tho latter in turn has a Technical Sub- 
Committee, which has been asked to consider the 
relative merits of the 405-lme transmission used im 
Britain, and the 625-line system now in general use 
in Europe. Consideration bas also been given to the 
possibilties of colour televiman and to the best 
direction in which to develop the higher frequency 
bands IV and V when these are available. To agaist 


demgned to give technical data on the performanse 
of some of the concerned. These trials were 
carried out during 1957-58, and in view of the 
mmportance of the scientific and technical resulta 
obtained, these are now made generally available in 
& report published by the British Cor- 
poration (Television Field Trials of 405-Line and 
625-Line Systems in the UHF and VHF Bands, 
1957-1958. Pp. 162. London : British Broadcasting 
Corporation, 1960. 20s.). 

The first part of the report gives the results of 
fleld trials of 405-line television in bands I and V, 
using frequencies of about 45 and 650 Mc./sec., 
respectively. These show that the service area is 
more limited at the higher frequency, and is subject 
to greater irregularity in hilly terrain. It is therefore 
evident that a greater number of transmitters would 
be required for a band V service than is at present 
used in band I. In the second series of trials described 
in Part 2 of the report, a comparison was made 
between 405-lme television in band I with 625-lines 
m band V. In areas where adequate fleld strength 
prevailed, the band V pictures were alightly better. 
The appendixes to the report contain a large number 
of diagrams illustrating in considerable detail the 
various features, subjective as well as objective, of 
the results obtained m these extensive trials. 


New British Analogue Computer 

Ix a recent issue of Nature (186, 201; Pg the 
first British digttal-analogue computer, the Corsaw, 
was described. Now a second machine of dighal. 
analogue type has been mtroduced by the Redifon 
Company. The new Redifon machine differs com- 
pletely in concept from the Corsair, since the actual 
calculations are performed exclusively by analogue 
techniques. Even multiplication, which 1s notoriously 
unsatisfactory using an analogue device, is treated m 
this way. The digital part of the machme lies in 
ite input-output device which makes use of magnetic 
tape upon which information is recorded by a machme 
of standard keyboard and through which information 
can be obtained via a typing device of the sort used 
in adding machines. The magnetic tape store which 
pe ee 
has a number of novel features, including the inter- 
esting one that the magnetic tape is perforated with 
sprocket holes and apparantly moves discontinuously. 
This technique makes such operations as the serial 
correlation of recorded date particularly easy, and 
will undoubtedly result m the Radio computer filling 
@ niche which previous analogue computers have 
failed to do. 


interstellar Extinction and Polarization 

Tux study of the particles in interstellar space is 
important for two reasons. First, interstellar dust 
produces parler of hght, and makes difficulties 
for astronomical distance determmation. Secondly, 
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the discovery of interstellar polarization by Hall and 
Se ee ee eee 
magnetic field, and one would like to determine the 

strength and direction of this field. H. O. van de 
Hulst studied the scattering of light by homogeneous 
spheres, and from the observed extinction concluded 
that the interstellar grains are dielectric, and are 
about lų in size. The grains must be asymmetric in 
shape to produce interstellar polarization, and the 
relation between the observed polarization and 
extmotion will depend on the shape of the particles. 
It would be an improvement if the theory could be 
based on scattering by long pierre R. Wilson 
(Mon. Not. Roy. Astron. Soo., 120, 1960) has 
recently published an approximate a of this 
caso for refractive index neer unity. Extinction 
curves have bean computed for different degrees of 
polarization ; it is predicted that the colour excess 
per unit mags and the ratio of the total to selective 
extinction will both depend on the polarizabilrty. 
The predictions are compared with observation, and 
confirmation is obtained of the existence of & general 


tion may lead to substantial revisions in the distances 
of some of the more distant stars. 


Abundance of Marine Plankton 


ə Aw unusual and worthwhile statistical study of the 
abundance of marine plankton has been made by 
R. M. Cassie in the March issue of the New Zealand 
Journal of Soisncs. He has analysed the results 
from a transect of sixty stations starting in the 
open sea and pasamg through a zone of mixed water 
into harbour water. Partial and multiple regres- 
sions were calculated, relating the abundance of 
each species to that of five other species, to 

ture and to salinity. The regressions for 
much of the variation, but the residuals were not 
randomly distributed, so that the mterpretation of 
the results is necessarily inconclusive. It is inevitable 
that the resulta of one day’s sampling should be 
suggestive rather than informative, but the technique 
which Cassie has described is likely to prove most. 
useful in the quantitative study_of the relationships 
of animals and plants to each other and to their 
physical and chemical environment. 


Pelagic Polychaetes of the South Atlantic 


Tsu samples collected since 1925 during the Dıs- 
covery Investigations of the southern oceans continue 
to provide fruitful material for studies of systematics 
and zoogeography. In Discovery Reporta (30, April 
1960), Mr. N. Tebble has made a study of the pelagic 
polyohastes. A systematio scocount is given of the 
twenty-nine species recorded in the South Atlantic ; 
this is followed by a description of the distribution 
of thege species in relation to the environment. Only 
three species were found to be endemic to the 
Antarctic zone, while sixteen were found only to the 
north of the Sub-Tropical Convergence. Of the 
remaining species, four were coamopolitan in dis- 
tmbution. The resulta conform to the usual pattern 
of plankton distribution in the South Atlantio with 
a few species occurring in large numbers m the 
Antarctic zone and a great variety of species forming 
a small standmg crop in the sub-tropical and tropical 
zones. 
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Research Committee >n Archædogical Feld Ex- 
periments 


ieee varied hate lace hanna wah de guuidy 
Sr ea an a ee na paoa, 
They also have to nofice the activities of worms 
which have considerably altered the 
origmal soil structure. Too little has been known 
about these matters, and at the Glasgow meeting of 
the British Assocation m 1958 a discussion on the 
natural processes leadm-g to the burial of archwo- 
logical remains was ineugurated. This led to the 
formation of a Researsh Committee which made 
preliminary mvestigatiors. Tho ides, now, 18 to start 
m a chalk down environment and to make there a 
simple earthwork whick can be kept under review 
for a long period of tima. Later similar projects m 
sandy and clayey situations will bə undertaken as 
funds allow. Tho first sits selected ic near the summit 
of Overton Down near Harlborougt, on the Fyfleld 
Down reserve of the Mature Conservancy. After 
the earthwork is made & careful rtudy at regular 
intervals will be undertaxen so that more exact data 
relating to the infilling of She ditch ard the wee 
of different kinds of objecta can be obtained. Only 
those with permite will >e allowed on the site and 


hoped in this way to learr: something of the mechanics 
of these well-known, phenomena im a chalk down 
milieu. 


U.S. Gas Chromatography Research Center 


A naw Gas Chromatog-aphy Research Center, the 
first of its kind, has been established by the Barber- 
Colman Co., at Houston, Texas. Tho primary fumo- 
tien of the Center will be new tnviesipenb develop 
ment and evaluation «f componant and 
socessoriesa. This will irclude the sje eed of 
laboratory chromatographs, portable chromatographs, 
process monitors and custom instrumentas, as well as 
refinement of argon and flame ionization detectors, 
sample injection devices and other acensory designs. 
Further information car be obtained from Ad. 
Auriems, Ino., 85 Broad 3treet, New York 4, N.Y. 


Analytical Chemistry acd Applled Spectroscopy 
at Pittsburgh 


Taua twelfth Pittsburgh Conference on cal 
Chemistry and Applied Spectroscopy will be held at 
the Penn-8heraton Hotel ir Pittaburgt, Pennsylvania, 
during February 27-Marmh 3, 1961. About 150 
papers will bo prevented an all phase of analytioal 
chemistry and symposium entitled 
“New Frontiers in Optics ‘and f y” will be 
sponsored jointly by the Pittsburgh Conference and 
the Optical Society of Amarica. Original papers are 
invited on all phases of analytical chernisiry, ere 
sory and nucleonics applied to analysis 

date for receipt of abstracts 5 Oates eri 
Further information oan. be obtaired from Dr. 
William F. Harris, Researth Laborateries, W. 


esting- 
house Electric Corporation, Pittaburga 35, Ponnsyi 
vania. 


The Night Sky In August 


Furt moon occurs on Avg. 7d. 02h. Alm. V.T., and 
new moon on Aug. 22d. COh. 16m. -The foll 
conjunctions beur the Moon take plece :* Aug. 3d. 
18h., Jupiter 5° S.; Aug- 5d. Olh., Saturn 4° §.; 
Aug. 1 14h., Mars 4° N ; Aug. 1&1. 17h., Alde- 
baran 0-3° 8.; Aug. 31d. Olh., Jupfer 5° S. In 
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addition to. 
Mercury is in 
17h., Mercury 
Aug. 8d. 14h 
Aldebaran of 
Mercury is 4 
week of the 
observation. ı 
about Ih. 4C 
nitude of Me 
too close to t 
28h. 20m., 22 
middle and e 
Taurus, pessi 
its stellar me 
the Earth in 
mile. Juprt 
45m. on At 
Ophiuchus, =- 
distance frorn 
miles. Juprt 
after sunset 
favourable fc 
east of Jupr 
Oh. 05m. on 
stellar magn 
Earth on Au 
of stars brig 
observations 
22h. 05 -9m- 
179 B.Tau. « 
R denotes r 
active durim 
ditions are y 
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College of £ 
at Berkeley 
of Health, - 
poultry nut 
Paul, Minn: 
at the Uni 
land. 


Peor. L. 
ohancellor, 
the end of 
physica at 


recent yee 
blood cell 
been conce 


Tas © 
received. 
tribution, 


sitions wrth the Moon, 
with Pollux on Ang. 5d. 
Venus with Regulus on 
z 1° Ato Mam oe 
' 12h., Mars being 5° N 
ee and the second 
"favourably situated for 
3h. 00m. on August 18, 
> Bun; the stellar mag- 
on this date. Venus is 
Deervation. Mars rises at 
Zh. 20m. at the beginning, 
wth, respectively. It is m 
Aldebaran on August 17 ; 
2-7 and ita distance from 
the month is 120 million 
50m., 28h. 45m. and 22h. 
nd 31, respectively. In 
is —2-0 and its 
a August 15 is 480 million 
at low in the southern sky 


3 %h. 15m., lh. 10m. and 
and 81, respectively. Its 
and ite distance from the 
million miles. Occultations 
agnitude 6 are as follows, 
at Greenwich: Aug. 8d. 

Aug. 15d. 02h. oe 
, Zh. 51:6m., 180 Tau. (F). 
The Perseid meteors sre 
If of the month, but con- 
Zor observation. 


California 


368, executive secretary of 
armacology Training Com- 
deneral Medical Sciences, 
>elth, has been sppointed 
ment of Nutrition in the 
the University of California 
ing the Nataonal Institutes 
as an associate professor of 
Jniversity of Minnesota, St. 
sofeesor of poultry nutrition 
yland, College Park, Mary- 


Canberra 
ay hag been appomted vice- 
30 Sir Lele Melville. Until 
txley was Elder professor of 
versity. 

Rockefeller Institute 
as, jun, and Dr. James G. 
əd to professors and members 
ute. Dr. Ahrens has been a 
an lipids, and was promoted 
the Institute in 1955. He is 
Ietaboliam Study Section of 
. Services. Dr. Hirsch in 
vestigating the role of white 
stance to infection, and has 
» discovery of phagocytin. 





Southampton 
: Universtty bas gratefully 


‘<4 Motor Co., Ltd., a oon- 
_ the 1962 Centenary Appeal 
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Fund. The title of reader has bean conferred upon Mr. 
A. T. Patterson (history) and Dr. W. H. Cockcroft 
(mathematics). Mr. H. C. Tottenham has been 
appointed to the readership m structural engineering 
(Department of Civil Engmeermg). The followmg 
new appointments have been made: H. 8. Allen 
(lecturer in civil engmeering), C. H. B. Mee (assistant 
lecturer in physics). 


Announcements 

Pror. ALHXANDER ROBERTSON, emeritus professor 
of organic chemistry in the Univerarty of Liverpool, 
has been appointed a member of the Agricultural 
Research Council arising from the appomtment of 
Prof. E. G. Cox as secretary to the Council. 


De. T. F. Wst hag been appomted editor of 
Chemistry and Indusiry, the journal of the 
Society of Chemical Industry. Dr. West is at present 
editor of Pyrethrum Post and the author of the 
standard work on DDT, of a treatise on chemical 
contro] of Insects and of a book on synthetic perfumes. 
Ha wes for homa yeam a diredit of Dido Hause Of : 
Australia, Ltd. 

Ma. G. D. Srmaxz has been inted deputy chief 

of research at Marconi’s Resah: and Deo 
Laboratories, Greet Baddow, near Chelmsford, Essex. 
Mr. Speake jomed Marconi’s Wireless Telegraph Co., 
Ltd., in 1950, when he was engaged in radar systems 
research. eee pone a ol the 
Vacuum Physica Section of Research Divisio&, 
and two years later he became chief of the Microwave 
Physics Section. 

Tzn Research Study Group, which was appointed 
to study the need for further research into the effecta 
of the use of toxic chemicals m agriculture and food 
storage, has begun ite mquiries. The Group is pre- 
pared to receive written evidence of views on the 
subject of the inquiry from persons or organizations. 
Written evidence should be addressed to the secretary 
of the Group, Dr. E. J. Miller, Plant Pathology 
Laboratory, Hatching Green, Harpenden, Herts. 


Tue British Society of Rheology will be holding a 
meeting on ‘Rheology of Polymers” at Swansea 
during September 8-10. Further information can be 
obtained from Dr. M. F. Culpin, 8 The Broadway, 
Pontypool, South Wales. 

Tua 1960 International Conference on Nuclear 
Structure will be held at Kingston, Ontario, Canada, 
during August 20-September 8. Further information 
can be obtained from R. L. Graham, Atomio Energy 
of Canadas, Ltd, Chalk River, Ontario. 


Tux first International Symposium on ‘Cori’ Ester 
and Phosphorylated Glucides’® will be held at the 
/Museo della Scienza e della Tecnics, Milan, during 
September 16-18. Further information can be 
obtained from the Secretary of the organizing com- 
mittee of the Symposrum, Vis Modica 6, Milan. 

AN International Symposium on “Data Trans- 
mision” is being sponsored by the Benelux Section 
of the Institute of Radio Engineers in co-operation 
with Het Nederlands Radiogencotechap and the 
Institute of Radio Engineers Group on Communica- 
tions Systems, at the Technische Hogeschool during 
September 19-21. Further information can be 
obtained from B. B. Barrow, secretary of the Benelux 
Section, Institute of Radio Engineers, Postbus 174, 
Den Haag, Nederland. 


No azsa July 23, 1960 


NATURE 


201 


THE ROYAL SOCIETY : APPOINTMENTS AND AWARDS 


HE Council of the Royal Society has appointed 


actions of ionizmg radiations in radiotherapy at the 
of Radiotherapeutics, University of 

Cambridge. The Council has also appointed Dr. 
D. T. Edmonds, of the Clarendon tory, 
University of Oxford, to a Mackinnon research 
studentehip as from October 1, to enable him to carry 
out magnetic investigation below 1° K. in large 
gr Seip ert A BA CR 
The Committee 


, Cambri 
warda under the Royal Society and Nuffield 
oundation Commonwealth Bursaries Scheme have 
been made to the following : Dr. 8. M. Bromfield, 


visiting the University of Reading for a year from 
January 1961, to enable him to study 
techniques for the precise measurement of hesta of 


mixing ; Prof. I. Lauder,sssociate professor of chemis- 


metry at 
the University of Leeds, for six m from October 
1960; Mr. W. V. Leris, lecturer in 
geography, Cambridge, to asaist Him to visit the 


Arctic Institute of Nortk America, Montreal, for five 
ee ee ee perma- 
frost’ areas, and areas anoe covered by large con- 
tinental ; Prof. H. MoLennmen, associate pro- 
fegsor of physiology, University of Eritish Columbia, 
to enable him to extend <o invertebrate material, his 
studie on the chromatographic chasacteristios of an 
inhibitory principle present in mammalian brain, at- 
University College, London, durig June-July; 
Prof. H. B. Ryoroft, director ofthe Mational Botanic 
Gardens of South Africa: and Haro.d Pearson pro- 
fessor of botany in the University o7 Cape Town, to 
assist him in completion of study of the genus 
Protea at the Royal Botanic Gardene, Kew, and else- 
peepee tee Dated Sipser ae ene oe 
uly. 

Awards of grants by the Paul Instrument Fund 
Committee have been msde as follows: £1,000, m 
supplement of a previous grant to Pref. J. D. Mođee, 
professor of instrament technology, Emperial College 
of Science and Technology, London, fer the construc- 
aaa fr AAT Zor X-ray image intensifice- 
tion; £500, in supplemert of o previous grant, to 
Dr. H. M Motz, "Dorsid Polock reader in engineering 
science, University of Oxford, for the construction 
of a linear accelerator working st 1-6 om. (J-band) ; 
Pe a ee re Bere ee 
P. M. B. Walker, Royal Society reseerch fellow, de- 
peng of zoology, oon Laboratory, Univer- 
sity of Edinburgh, for the 


integrating mi the 
analysis of biological cells or liquid droplets of the 
order of 10° cubic microns volume. 


AUSTRALIAN BREAD RESEARCH INSTITUTE LABDRATORIES 


. D- A. CAMERON, Minister for Health 
and Minister-in-Charge of the Oommonwealth 
Scientific and Industrial Research Organization, 
Australia, opened the new laboratories of the Bread 
Research Institute at North Ryde, a suburb of 


stitute, and the Government which contributed to ita 
costs through the Oommonwealth Scientific and 
Industrial Research Organization. Mr. W. Sloan, 
president of the Council of the Institute, remarked 
that the occasion was being attended by bakers from 
every State in Australia and from New Zealand. 
The new Institute comprises laboratories covering 
some 14,000 sq. ft., on a three-acre site at North 
Ryde which was made available by the Organization. 
E A Shan ee S 
which £30,000 was contributed by the 
During tho past thirteen years the Institute has been 


housed in laboratories in Pacifio Hizhway, North 

Sydney, which it has now outgrown. The new site 

will allow room for expansicn, and has she advantage 

of being in close proximity to the laboratories of the 

Organization’s Division of Food Preservation and 
rt, now under construction. 

The Bread Research Insitute was 2etablished in 
New South Wales in 194” following the Kinsella 
inquiry into the bread industry. The 2oted British 
cereal chemist, Dr. D. W. Eent-Jnnes,-went to Aus- 
tralia in 1947 to advise on the eatablichment of the 
Institute. In 1950, rt was resognized by the Common- 
wealth Scientifle and Industrial Organization as an 
industrial research aapociatbn, and now receives an 
annual grant from the Organization, related to its 
industrial income. This yeer the grant will be about 
£15,000. 

With fonds made availabb from the “Vheit Indus- 
try Research Council, the Crganization has recently 
established a small Wheat Research ‘Unit for bio- 











theat quality. The Bread 
əd. to house this unit m 
3 director of the Institute 
of the unit. 

o has had a very marked 
standards of the baking 
<d by bakers throughout 
3ps in close touch. It has 
for flour and other raw 
stry, and by means of 
ng bakers and a series of 
ns it has brought know- 
+0 bakeries throughout the 
tt up an important pro- 
aeearch in various aspects 
, the properties of doughs 


ta successful expansion of 
and use of radio isotopes, 


of the rew materials will 
in the Authority’s nuclear 
Jer Hall and Chapelcroes. 
8, the synthesis of labelled 
əting are being concentrated 
are at Amersham. Research 
dio isotopes and on the use 
moentrated in the Isotope 
ə Atomio Energy Research 
laboratories of this Division 
æ» formally opened by Lord 
In these laboratories the 
fooal point where extensive 
h isotopes and radiation 
l by about two hundred 
a are graduates in a wide 


Drogramme develops, almost 
radiocssium will become 
ə teaks of the Division is to 
aive radiation sources. The 
extract and encase. cæsium 
-akes it more economical to 


ation source until such time 


the construction of a large 


at. . Fortunately, the nuclear 


provide as a by-product 


of radiooobelt, and it is this 
æ basis of the radiation pro- 


ee large versatile irradiation 


2 concrete shielded rooms in 
apparatus can be set up under 
s, and then irradiated by a 
-ation of sources. The source 


use range from 100 to 10,000 


= the oells are temperature 
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and other subjects. This work has been done in close 
association with the Organization, the State Depart- 
ments of Agriculture and some of the universities. 
The Institute’s influence now extends strongly to 
the flour millmg industry, where its work has been 
largely responsible for the establiahment of standards 
of flour quality. This has been important to the 
bread industry, which is thus enabled to insist on 
definite specifications for the flour it buys 
and has ly important for building up 
the export in wheat and flour. The Department 
of Trade and the Australian Wheat Board have called 
extensively on the services of the Institute in this 
connexion, and offloers of the Institute have visited | 
Japan and other countries in the East and Middle 
East to advise on the use of Australian wheats. 


ENERGY RESEARCH ESTABLISHMENT: WANTAGE 
RESEARCH” LABORATORY 


By B. S. 
Head of the isotope Research Division 


SMITH 


In the radiation chemistry field, investigations 
have been concentrated on such chain prooessee as 

polymerization, oxidation and halogenation. The 
effects of radiation on catalysts are also being studied. 
In the food and medical applications section, the use 
of radiation for sterilisation of equipment is givfhg 
encouraging results, perticularly in expanding the 
use of plastic materials which are unsuitable for heat 
sterilization. A study is being made on the use of 
radiation for the control of Salmonella in frozen, s 
desiccated coconut, and imported cattle feed wi 
high protein content. The plant genetics section 
has been studying the external factors which infiuenoe 
the radio-sensitivity of planta and the conditions 
under which radiation oan be used to break down the 
interspecific incompatibility. . 

The Laboratories have a small animal house for 
testing food and pharmaceuticals for possible toxicity, 
glaæ houses and trial beds for the plant genetics 
work, and constant temperature rooms for insect 
culture. 

To gain experience at the pilot stage of projecta, 
and to allow manufacturers to carry out extensive 
-trials, a package irrediation plant has been built in 
conjunction with the Owen Organization and is at 
present undergoing proving trials. The plant permita 
the automatic handling of standard packages 
(14 x 12 x 9 in.) through an irradiation fe poda. 
ing a dose of 10,000 rads to 5 megarads, according to - 
the rate of traverse. The capacity of the plant is 
about 100 cu. ft. a day at a sterilizing dose of 2-5 
megarads, and Jarger quantities at lower total doses. 
The plant is initially loaded with 150,000 curies of 
cobalt-60 and the oost of grving 1 ou. ft. of material 
a dose of 2-5 megarads is about 15s. This oost will 
be considerably reduced in planta designed for a 
special purpose. It is planned to rent four-fifths of 
the capacity of this plant to industrial concerns, and 
although it ia not yet in operation ita capacity has 
already been oversubscribed 

The Laboratory also operates an irradiation pond 
at Harwell. This uses the high gamma flux available 
from the spent fuel elements from the Dido and 
Pluto research reactors. It consiste essentially of a 
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water pond 20 ft. deep with facilities for mounting 
the freshly discharged fuel elements in a lattioe con- 
tainmg a number of irradiation positions. Tho 
matenal to be irradiated is placed in watertight 
cylinders (8§ or 7} in. diam. and 30 or 48 in. long) 
which are then lowered through the water shield to 
the irradiation position. The pond usually contains 
more than a megacurie of fuel element activity and 
will give up to 4 megarads/hr. in the amall irradiation 
cans. The present charges for irradiation m this 
unit work out at about 10s. per megarad to a cubico 
foot of material. 

In addition to the cobalt and fuel element sources, 
there is a 4-MeV. lmear accelerator with a 2-kW. 
electron beam output. It is used principally for treet- 
ing small «amples to high dose-levels of the order of 10° 
rads and algo to study dose-rate effects. It gives dose- 
rates a hundred times higher than those available from 
the gamma cells. 

The Division hes medium-level and tracer-level 
chemical laboratories. The flelds covered are wide 
and include the incorporation of isotopes in colloids 
for medioal studies, improved methods of synthesis 
of labelled compounds, the use of autoradiography as 
an analysical tool in metallurgy, and the operation 
of an activation analysis service for other laboratories. 

In the physica laboratory & section works in close 
collaboration with the National Physical Laboratory 
and other national laboratories on the absolute 
measurement of radioactivity. It has established 
etendards of radioactivity and issues standards for 
many isotopes not yet covered by the standards 
service of the Radiochemioal Centre. The work on 
instraments and radiation detection is largely 
directed towards widening the fields of application of 
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gauges using radioactive sources an increasing the 
sensitivity and discriminating powers of detectors 80 
that tracer uses of isotopes can be extended without 
increasing the quantity cf isafope uesd. 

An easential feature o7 the work of the Research 
Laboratory is to disoovec those industrial processes 
and fields of industrial and arademi= research where 
advantages oan be gainsd By the introduction of 
instruments or technique using radioactive materials. 
An experimental and acvisary sercice is operated 
which will visit firms and discuss genaral and partiou- 
lar problems, and on a payment Sasis will make 
special investigations either on the firm’s premises or 
back in the laboratories. To further this objective, 
exchange visits are made with the research associs- 
tions of many trades, and she Department of Scientific 
and Industrial Research ras attached a small group 
which uses the facilities =f the laboratories and acts 
as a further contact with research acd industry. 

For a fixed capitation fe, firms can attach a acien- 
tist to the laboratory to work on a problem of erther 

or commercial interest In this way 5 gatis- 

blending of the skills of the firm in its own 
field with the facilities and experienc: of the Labora- 
tory is achieved. 

No outline of the facilities cE the Laboratory would 
be complete without mention of the Isotope School. 
It was first set up at Herwell in 1951 to give basio 
training in the uses of radivisotopes in research, 
industry, and medicine. It is oppen t students from 
all countries, and provides a busic four-weeks’ course 
several times a year, tcgether wita a number of 
courses on iali subjects mæh as medical 
applications, radiological provection and autoradio- 
graphy. 


PROTECTION AGAINST TIDAL FLOODING IN LONDON 


EMORIES of the effects on the cast coast of 

Britain of the disastrous storm surge of January 
8]—February 1, 1958, are i to dim. A 
Government report', which has recently been pub- 
lished, is therefore a timely reminder that in the 
vitally important London area there is no justifica- 
tion for complacency concerning the present degree 
oe ee ing. 

t is true that in 1958 the low-lying areas of London 
eacaped flooding, but the water lapped the top of the 
defences at many pointe so that the margin of safety 
must have been very small. Thus the question might 
well be asked ag to how it is that seven years after- 
wards the defences of London are still virtually the 
same, whereas at almost all other vulnerable points on 
the east coast of Britain they have been greatly 
strengthened. As will be seen, the explanation lies 
in the complexity of the problam and the high 
ar sharon solntion. 

1953 the maximum level of the surge-cum-tide 
at London Bridge was 6 ft. above predicted high water. 
When considering the possibility of a future even 
higher maximum level, there are four significant 
features of the 1958 event which should be borne in 
mind: (a) the river di was low—only 2,600 
ou. ft./sec.; (b) the normal tide on which the surge 
was i was & spring tide, but not a 


particularly high one; (c| the peak af the surge did 
not coincide with the tice of predicsed high water, 
but preceded it by about 2 “hr.; tH) considerable 
breaching and overspill inso low-lying areas oocurred 
farther down the estuary. 

Any of these features cocid have been more adverse, 
in addition to which the magnitude of the surge iteelf 
might have been slightly greater. In arder to investi- 
gate these ilities, testa were cerried out on & 
hydraulic model’ of the Thames . Ib waa 
dedused that a major river flood of 20000 cu. ft./sec. 
would have raised the 1958 loval by € m. ; also that 
an increase of 1-5 fb. in ths surge height at Southend 
(or a ingly lease favwurable phasing with 
tide) would have added abous 1:7 ft. at London 
Bridge, while a 3 ft. mcreas: woul have added 
about 8 ft. at the same point. Th» relief due to 
storage in low-lying areac wee shown to be quite 
amall—not more than 3 im Owing to raising of the 
banks this should be discoanterl in ths future. 

Thus it appears that a scrge 1-5 ft. nigher, coincid- 
ing with a freshwater flood, would rabe water-levels 
by about 2-7 ft. above those of 1953. If the extreme, 
though exceedingly remote. ose be considered of the 
highest possible surge coimiding with a spring 
tide and a freshwater flood. then the tant water- 
levels might be expected to be about 6 It. above 1953. 
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be in the fully raised position. When closure was 
necessary, the bridges would be lowered to just 
above flood-level and the hmged gates than swung 
downwards to come to rest in the vertical position 
against the concrete mil at the bed of the river. A 
somewhat similar, but much smaller barrier, hae 
recently been constructed on the River Ijseal, Holland. 
Experience gained in ite operation should prove 
invaluable. 

The swing bridge type would have a similar founda- 
tion design to that just described, but the three central 
piers would have a much greater length m the direo- 
tion of flow. Three lattice girder swing would 
be pivoted on the piers and these would carry the 
hinged gates in the same manner as m the first type. 
On closure, the spans would swing on ther prvots, 
meeting in the centre of the two main waterways. 

The lifting type would be better for- navigation, 
owing to the shorter piers, whereas the swing bridge 
type would be easier to maintain. The estimated 
cost of the swing bridge type is lower—between 
£13 and £15 million as compared with between £15 
and £17 million. Further experments and investiga- 
tions would be requrred before a final choice could be 
made. 

From the flood protection aspect, the barrier 
scheme is decidedly preferable to the raising of the 
riparian defences, since the former would provide 
a standard of protection 6 ft. above 1953. levels 
whereas the latter could only reasonably be raised 
by about 8 ft. 

The next stage is that consultations between mter- 
ested parties will take place with the view of establish- 
ing the degree of support for the proposals and con- 
sidering the arrangements for puttmg them into 
effect. 


Flood Economics 


It is often found with flood protection works, and 
the case of London is no exception, that the caprtal 
cost is high and the need ony petty o demonstrated 
at infrequent occasions. these circumstances, 
there is an understandable tendency for the urgency 
accorded to æ particular scheme to diminish pro- 

ely with the time which has elapsed since the 
last flood. A gamble with fate is temptmg when the 
odds are long, but rb is generally advisable to be 
cognizant of the stakes. 

The worthwhileness of a protection scheme may 
be assessed on an economic basis. This entails & 
comparison between the ee 
particular flood, and the cost o damage which 
would otherwise result. It is of course necessary to 
take into account the likely interval of recurrence of 
the flood, and this may be estimated by stetistical 
methods. 

The danger to publio safety and the damage which 
would be associated with various degrees of overspill 
in London have not been generally made known. It 
is significant, however, that the Dutch are planning 
the Delta scheme on the-baas of a flood with a 
10,000-year recurrence interval. This standard may 
be compared with the estimated 400-year interval of 


the 1953 flood. N. B. WIBBER 
1'Teohnicoal Possibilities of a Thames Flood Barner Pp. 
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ARID ZONE 


GENERAL symposium on the ‘Problems of 

the Arid Zones” was held at Unesco Head- 
quarters in Paris during May 11-18. It was attended 
by more than two hundred delegates, representing 
twenty scientific disciplines, from thirty-four coun- 
tries, the latter includmg all the major arid areas of 
the world ; the U.S.S.R., the United States, France 
and the United Kingdom were all well represented. 

The symposium was opened by Mr. Vittormo 
Veronese, director- of Unesco, who warmly 
welcomed the distinguished delegates from so many 
countries. He directed attention to the importance 
of the arid zones, which cover one-third of the 
Earth's surface, in relation to the need for increasing 
the food resources of the rapidly mcreasing world 
population, which has already reached the 2,000 
million mark, and is expected to double iteelf within. 
the next fifty years. The universal character of the 
resulta of research in. the arid lands and the importance 
of employing them to the common good make this 
Tesearch a suitable field for international action, 
particularly through Unesco, which is charged by its 
constitution to promote scientific research with the 
‘view of improving the living conditions of mankind. 

The director-general introduced the president of 

ethe sympomum, M. P. Piganiol, delegate-general for 
scientific research of the Government of France, 
whose responsibilities cover the organization of 
scientific research in that country ; he addressed the 
delegates on the maim problems to be faced by the 
symposium, the principal object of which was to 
evaluate the resulta already achieved and to make 
recommendations regarding the future course of arid, 
rone research. 

The general arrangements for the symposium, 
which followed the recommendations of the Unesco 
Advisory Committee for Arid Zone Research at its 
meeting in Madrid in September 1959, were carried 
out with great oare and efficiency by the Arid Zone 
Unit of the Unesco staff. Review papers covering the 
principal scientific disciplines were requested from 
acknowledged leaders in their particular fields, and 
the discussions that followed added considerably to 
the value of the . The Proceedings of the 
symposium, which should be of considerable scientific 
interest and value, will be published in English and 
in French by Unesco in ita Arid Zone Research 
Series. 

In 1051 Unesoo was given the task of promoting 
research in the arid zones, which for this purpose are 
taken as including also the semi-arid areas; by an 
extension of stock raising and the building of great 
new irrigation schemes in suitable areas, these zones 
are capable of augmenting considerably world food 
supplies, This basio research led to such interesting 
and useful resulta that in 1957 the activities were 
raised to the rank of a major project, whereby 
increased funds were made available for it with 
special reference to the arid belt extending scroms 
northern Africa from Morocco to and thence 
through the Middle East to Pakistan and India. 
Following eight years of activity on the many facets 
of arid zone research, including three years devoted 
to the major project, the general symposium has been 
held with the object of reviewing the results of this 
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research and to suggest new directions of useful 

Also, since the major project is due to be terminated 
at the end of 1962, this review had to be made now 
in order to provide in good time for the continuation 
of arid zone research after 1962. The General Con- 
ference of Unesco in 1958, in approving the holding 
of the general symposium, had directed the director- 
general to submit to it in November, 1960, a report on 
the past effectiveness, and recommendations for the 
future course, of the major project, on the basis of 
the study and recommendations of the symposium. 

In order to achieve this purpose, the symposium 
was divided into four parta. 


(1) Critical Appraisal of the State and Perspectives 
of Knowledge in the Various Scientific Disciplines 
involved 

For this part of the symposium, review papers were 
presented in the following flelds of science, most of 
which have formed the subjects of symposia or 
research reviews organized under the Unesco Arid 
Zone Programme : 

(i) Surface hydrology (including sedimentation)— 
Dr. W. B. Langbein, U.S. Geological Survey, Waah- 


ington. 

(ii) Geology, pommel and ground-water 
hydrology—Dr. F. Dixey, former director of Overseas 
Geological London. 

(iii) Climatology (including hydro-meteorology)— 
Dr. C. C. Wallen, Swedish Hydrological and Meteoro- 
logical Service, Stockholm. 

(iv) Microclimatology (physical and biological)— 
Prof. W. R. Van Wyk and Prof. J. de Wilde, Agri- 
cultural Uni , Wageningen. 

(v) Soil science (including soil conservation)—Dr. 
Georges Aubert, Chef du Service des Sols del’ Office dela 
Reoberche Scientifique et Technique Outre-Mer, Paris. 

(vi) Salinity problems of plants and soila—Dr. 
H. E. Hayward and Dr. L. Bernstein, U.S. Salinity 
Laboratory, Riverside, California. 

(vii) Plant physiology—Prof. M. Evanari, Hebrew 
, Jerusalem. 

(viii) Plant ecology—Prof. G. Lemée, Faculté des 

Sciences, Paris, and Prof. L. Emberger, Institut de 

Botanique, Montpelier. 

(ix) Human and animal physiology and ecology 
(moluding human and animal population problems)— 
Dr. D. H. K. Lee, Quartermaster Research and 


Uni 


Engineering Natick. De wpe of 
arid lands and its ecological effect on the insect 
fauna—Dr. B. P. Uvarov, former director, Anti- 
Locust Research Centre, London.. 

(x) ee energy sourcee—Mr. E. W. clea 

cal Research Association, London, and Dr 

Tabor, National Physical Laboratory, Jerusalem. 

(xi) Saline water conversion—Dr. E. D. Howe, 
College of Engineering, University of California, 
Berkeley. 


(2) Appraisal of Unesco’s Activities In Promoting 
Research and Training related to Artd Zones 


This was supplemented by reporta on related 
activities of international governmental organizations 
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project areas. 

Under this headmg was presented a comprehensrve 
report by the Secretariat describing Unesco’s actrvities 
under the major project and the preceding arid zone 
programme in izing the symposia and research 
reviews already referred to, the financial and tech- 
nical assistance to @ number of research 
institutes withm arid zone, as m Egypt, Israel, 
India and Pakistan, the organization of tramig 
courses in Iyoo, plant ecology, microclimatology, 
eto., required by the scientific staff of arid lands, and 
the granting of fellowahmps im such subjects; the 
report also underlmed the resule achieved and the 
difficulties encountered. The United Nations Water 
Development Centre, the United Nations Special 
Agencies, including the Food and Agriculture Organ- 
ization, the World Health Organization, and the 
World Meteorological Organization, the internationsl 
soientifio organizations, including the International 
Union. of Geodesy and Geophysics, the International 
Geographical Union, and the International Com- 
mission on Irrigation and Drainage, and the Com- 
mission for Technical Co-operation, in Africa South 
of the Sahara, also submitted reports of their 
activities and plans in relation to the arid zone. 
Fmally, most of the Member States of the region of 
the major project submrtted amilar reports. 

These various reports demonstrated the close col- 
laboration that existe between Unesco and the 
Special Agencies, and certain international scientific 
bodies, m the jomt attack on the problems of the 
arid zones; for example, Unesco co-operated with 
the Food and Agriculture Organization on a desert 
locust ecological survey, on an ecological map of the 
Be e ee D O eee 
policies in arid and semi-arid areas, with the Wor 
Meteorological Organization on the measurement of 
solar radiation and on a olimatological survey of 
solar radiation, with both Organizations on an agro- 
climetological study in arid and semi-arid areas of 
the Mediterranean region, with the International 
Association of Scientific Hydrology in certain hydro- 
logical and hydrogeological problems, and with the 
International Commission of Irrigation and Dramage 
an the prevention of evaporation losses from irrigation 
systems. 


(3) Studies on Selected Problems Illustrating Diff- 
cultles In Translating Knowledge Into Action In 
Arid Zone Research, Training and Development 

Since it had become increasingly clear with widen- 
ing experience that a considerable gap tends to 
develop between the accumulating scientific know- 
ledge of the problems of the arid zone and ite appli- 
cation in daily hfe by the pastoral, agricultural and 
other mhabrtants of the lands concerned, papers were 
called for devoted essentially to the difficulties of 
translating knowledge into action in certain typical 
situations ; accordingly papers were presented under 
three main headings aa follows : 

(1) Nomadısm in relation io grazing resources. Tho 
Sahara and the Sahel:—Prof. R. E. Capot-Rey. 

Moving of flocks in the Sahelian rone—O. Bremand 
and J. Pagot (Prohuza). 

The Near East Arab countries—Dr. Mohammed 
Awad, Caifo. 

The mountam and plateau areas of 
Asia— Dr. F. Barth, Norway. 


South-West 
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Nomadio pastoralism—Food and Agriculture Or- 
ganiration, Rome. 

(ii) Alternative uses of limited water supplies. Studies 
were presented underlming approaches in four dis- 
tinctive regions as follows: 

United States. Water and the arid zone—Dr. L. 
Leopold, U.S. Geological Survey, Washington. 

Algeria. Possibility of using mmor water resources 
—Mr. G. Drouhin, Director de l"Hydraulique et de 
l'Equipement Rural. Algiers. 

United Arabic Republic. E region—Dr. 
Youssef Simaiks, technical viser, Ministry of 
Public Works, Cairo. 

U.S.S.R. Basic trends and methods of water con- 
trol—Prof. A. N. Askosshensky, member of Lenm’s 
Academy of Agricultural Sciences, Moscow. Also, 
Prof. Gilbert White, University of Chicago, con- 
sidered these regional aspecta in a review paper on 
alternative uses of limited water supplies. 

(ii) Public awareness ond the educational problem. 
Under this heading were submitted papers related to 
certam special problems in arid zones as follows: 

Agriculture (Israel}—Prof. D. Weintraub, Hebrew 
University, Israel. 

Irrigation and land use (Pakistan}—Dr. A. G. 
Ashgar, Pakistan. 

Mineral resources (Sahara)—J. Petit, Prohuza, 
French Research and Information Centre on Human 
Problems in And Zones. 

Agriculture: extension work in the Near East— 
Z. Behravesh, Food and Agriculture Organization. , 


(4) Study of the Perspectives for Future International 
and National Action In Arid Zone Research, Traln- 
Ing and Development 


The discussion at this concluding session of the 
symposium was based on the previous papers and 
discussions, and on a paper prepared by Unesco 
showing the administrative, fmancial and other oon- 
siderations to be taken into account in submitting 
proposals for an extension of Unesoo’s arid zone 
research programme. 

From this discussion it was clear that the sym- 
posiunt was unanimously of the opinion that the 
Unesco arid sone research programme should be 
continued for some years at not less than the present 
level, and that rt should be extended particularly to 
cover the Latin-American, countries; it was oon- 
sidered also that the organization of training courses 
and fellowships should be expanded. In addrtion, 1 
was recommended that the Advisory Committee 
should continue to function on ite present lines. 
Finally, many new projects and lines of research were 
suggested, includmg particularly an internstional 
study of the artesian baams of northern Africa; the 
extension of integrated surveys, includmg surveys 
relating to geology, geomorphology, water supplies, 
pedology, plant ecology and microclimate ; the study 
of plant response to environmental factors; soil 
biology ; insect pests and plant diseases; diseases 
linked with irmgation systems ; and human environ- 
mental physiology. 

The suggestions and comments made at the sym- 
posium were examined by the Unesco Advisory 
Committee on Arid Zone Research in a special review 
session held immediately afterwards, and they will 
be taken carefully into account when the Unesco 
governing bodies come to consider the future of arid 
zone research. The Advisory Committee met also 
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during the two days prior to the symposium, and the 
Sub-Committees on Cartographic Problems in the 
Arid Zones, and on the Socio-Economic Problems 
of the Arid Zanes, also held meetmgs at this 
time.§ 

During the symposium there was an exhibitian of 
maps, photographs and publications illustrating the 
activities. of Unesco, the member States and other 
bodies ; two excellent films were also shown—the 
Unesco fibn, “Arid Lands”, produced by World Wide 
Pictures, Lid., based mainly on scenes and research 
activities in Pakistan, Israel and Morocco, and a 
Russian film depicting arid zone development, in 
ge of irrigation, dry farming and stock raising, 

the Karakum and other deserts of the U.8.8.R. 
‘Alig, Fone i epa onae E E e 


set up at Gif-sur-Yvette by the Centre National de ` 


la Recherche Scientifique; the studies m plans 
Physiology at the phytotron, with special reference 
growth ander varying conditions of light and 


SELF-REGULATION 


HE Ottawa symposia on “Self-regulation in 

Living Systems” by Dr. D. K. C. 
MacDonald of the National Research Council shows 
igns of becoming an annual series (Nature, 184, 
289; 1959, and 183, 870; 1959). The third meeting 
was held on March 4, in Montreal, with the Montreal 
Neurological Institute and MoGill University as joint 
hoste. The attendance exceeded thirty people, 
representing most medical branches, physics and 
engineering. - The theme was “Tremor”, and on this 
ocoasion the topics of discussion were introduced by 
clinicians and illustrated with the willing o0-operation 
of patients. Discussion during the day was general 
and spirited. 

Dr. F. L. MacN (Montreal Neurological 
Institute) introduced the subject of ‘alonus’ (alternat- 
ing contractions and relaxations of muscle). A 
patient with ankle clonus was introduced and 
sa t discussion on the mechanism of cecillation 
was therefore restricted to this example. The 
oscillation could be initiated by a sharp application of 
force to the ball of the foot, and was as 
long as the force remained. Simultaneous but 
asynchronous oscillation of both feet oould be 
produced. The oscillation was about 
4 c.p.8. and increased only slightly with pressure. 
The disease had been caused by a spinal tumour 
pressing on the spinal oard ; the tumour had recently 
been removed and there was some slight improvement 
m the patient’s condition. She was from 
the waist down and could not feel the clonus directly. 
MacNaughton, explained that the disease was known 
to be caused at the spinal cord level, rather than higher 
in the central nervous system. Ankle clonus was 
produced mechanically by involuntary contractions 
of the leg’s rear lower muscle (gastrocnemius) followed 
by relaxation under action of the external force. 
Clonus was not produced by a coupled oscillation 
between the rear and front leg muscles, and disap- 
peared if the afferent stretch receptors in the gastroc- 
nemius were out. Any healthy person can produce 
clonus, for example, by trying to lift an unliftable 
weight. 
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UTERIN were donnat by the director, 
Prof. P. Chouard. 

In respect of the high standard of the papers 
presented, of the many countries of the arid sone 
represented, and of the-free discussions that followed 
the papers, the ji marked an importent 
stage in the study of the arid sones ; moreover, it 
afforded a valuable review of present knowledge and. 
of the scope and nature of future research, and it 
clearly achieved its objective in presenting, for the 
consideration of the governing bodies of Unesco, 
a unanimous and broadly based opinion on the 
importance of maintaining arid sone research and 
training at a high level. 

Whatever may be the final decision, Unesoo’s 
Sakiecoconte to date Wil rink hinW ans ooniciaation 
to acienoe in making known the problems of the arid 
zones, and in assisting in their scientific im tion, 
thereby leading also to the increased economic and 
social development of theee lands. F. Drxey 


IN LIVING SYSTEMS 


After this discussion Dr. MacDonald (National 
Research Council) exhibited a simple closed-loop 
system as an illustration of the instability features 
discussed above. In this demonstration a galvano- 
meter mirror deflected a light beam so as to follow 
the physical movement of a photo-cell. Normal 

produced by negative feedback 
at some gain. Sufficiently increased gain, however, 
drove the light spot into a tremor, as did increase of 
the controllable time-delay in the circuit. 

Dr. Burns (MoGill) disoussed the physiology of the 
basic causal loop; that is, m receptor— 
multiple afferent nerves—apinal cord—multiple motor 
neurons-muscle. With nerve ion ences of 
order 10? m./seo. and nerve- of order 1 
the hian bime of the nerse în tho loop is 30 
msec. (2 nerves); other lag-times in the circuit 
are negligible. This loop delay-time would produce 
an oscillation of 25 o.p.s. if it were the direct cause of 
clonus, but this provides poor correlation with the 
observed 4-10 o.p.s., and of course this closed-loop 
action is the same in normal healthy voluntary 
actions. 

The situation is complicated by the fact that the 
components of a multiple-nerve system do not fire 
snnultaneously, but rather in a statistical pattern 
approaching a Gaussian distribution of frequency, and 
propagation velocities are also distributed about & 
mean in the range 70-120 m./sec. Furthermore, the 
excitability of a nerve follows a time pattern after 
firing as indioated in Fig. 1. 

Hrcitability 


100 meo. 
. Pg.1 
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In discussion, Dr. Burns wondered whether the 
nerves in clonus might fire almost simultaneously 
due to hyperexcitabilitty. The observed oscllation 
frequency corresponds well to a closed-loop oscillation 
besed on the 100-mseo. time- delay to hyperexcite- 
bility in a nerve after firmg. 

In the afternoon, Dr. MacNaughton mtroduoced a 
patient with Parkinson’s disease. The particular 
symptom studied was a tremor of the thumb and 
forefinger, in the frequency range 3-5 o.p.s. 
Amplitude moreased with concentration, excitement 
and fatigue, but disappeared during sleep. Applica- 
tion of a heavy weight to the hand only reduced the 
amplitude. Purposeful action of the hand was quite 
posable and tremor decreased during a ‘slewing’ 
action, but moreased, for example, as the hand 
approached the pen it was going to pick up. 

Dr. Blundell (Montreal Neurological Institute) 
discussed the tremor problem from the point of view 
of the surgeon, particularly in relation to Parkinson’s 
disease. Surgical possibilities are: (1) To cut the 
motor nerves; but then no movement is posable. 
(2) To cut the ‘afferent nerves. This removal of feed- 
back would be justifled in extreme cases if it overcame 
moapacitating tremor. This is true of clonus, but in 
one known. operation on & Parkinsonian case, tremor 
remained, although at a different amplitude. (3) To 
cut in the area of the central nervous system. This 
is the current field of research. Results so far are 
rather conflicting, and there is msufficient knowledge 
for confident surgery. Dr. Blundell then detailed 
the following possibilities as tremor producers : 
(1) servo-loop oscillations ; (2) rhythmic oscillations, 
for example, by a steady driving mechanism in 
the brain; (8) hyperexcitability of cells, due to 
disease 


Dr. Burns also developed the physiology of muscle 
action somewhat further. Recently a second loop 
(the ‘gamma’ loop) has been identified by which 
‘small’ motor neurons are fired from the spinal cord 
to contract the fibre which is measured by the length 
receptor. In addition, the afferent nerves from the 
stretch receptors communicate with the central 
nervous system. In turn the central nervous system 
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communicates with both the ‘big’ and ‘small’ motor 
neurons. Several more loops are thus added, and 
much remains to be learned of the combined control 
action. 

Dr. Jasper (University of Montreal) described 
extensive experimental measurements on tremor, 
being carried out at the University of Montreal, using 
micro-electrodes. Frequency measurements of the 
action potential of muscles in clonus and Parkinson’s 
disease look exactly alike. On the other hand, the 
cortical phenomens seem different. Some 15-20 
per oent of the cortex cells seem to show activity 
correlated with tramor, but not enough is yet known. 
In monkeys, tremor has been produced by a small 
cut in the brain in the appropriate area; a ‘large’ 
cut can then remove the tremor. í 

Finally, Dr. J. A. Tanner (National Research Coun- 

cil) reported the work being done by Massachusettes 
Institute of Technology and Yale University on 
measurmg the impedance of the wrist and finger 
extremities when subjected to sinusoidal or stochastic 
vibrations. The impedance falls with frequency as 
might be expected for an inertial load, except that m 
healthy people there are resonant peaks in the 7 and 
17 o.p.8. regions. These are as yet unexplained. In 
patients with tremor the major resonance is due to 
the tremor, but at a different frequency than the 
tremor itself, lying between the 7-17 o.p.s. peaks. 
This- overshadows the other reeanances, naturally 
enough. 
A spirited discussion followed concerning the 
relative usefulness of the ‘black box’ technique & 
illustrated by the impedance measurements just 
described, and the classic analysis-techniques m 
which individual elemente are isolated and their 
characteristics learned before they are combined 
together. Everyone agreed that the latter method is 
ideal if it can be used. Opinion was divided as to 
whether the ‘black box’ techniques could be useful, 
since the ‘black box’ may often be altogether too 
complex. I myself feel that both approaches are 
useful and must be pursued m parallel. This in fact 
is done of necessity in both engineering and medicine 
at least. J. H. Musox 


SCHIZOPHRENIA AND LOW-GRADE MENTAL DEFICIENCY 
IN SWEDEN 


CLINICAL and genetioo-statistical analysis of 

schizophrenia and low-grade mental deficiency 
of a large rural population of 25,000 people m Sweden 
indicated that altogether 1,790 individuals belonging 
to 231 families were ing from schizophrenia, 
and 1,541 individuals belongmg to 215 families were 
low-grade mental defectives". 

Of the cases of schizophrenia, 50 per cent were 
classified as hebephrenic, 38 per oent as catatonio, 
10 per cent as paranoico and 7 per cent as atypical. 
70 per cent of the oases had symptoms generally 
described as catatonic, but only 20 per cent had them 
in connexion with the onset of the psychosis. 


"A oal Study of and 
Low-Grade a Tang. ete re Population. 
By Doral kaligren amd anihi E nan oo. 1000) Eo 05. 
a i Emar unkagaard, 1959.) 


The mean age at onset of schizophrenia among 
females, 32 years, is significantly higher than that, 
28 years, among males. The psychosis had an acute 
onset in approximately 40 per cent of the cases and 
a periodical course in many cases, there being no 
sex difference. There is thus a postive relationship 
between acute onset of schizophrenia and periodical 
course of the psychosis. 

There was a statistically significant association 
between schizophrenia and mental deficiency. Such 
an association has not been statistically established 
previously. The morbidity-rate for mental deficiency 
—including high-grade defectives—amang the 


` schizophrenic propositi is 10-5 4+ 1-9 per cent as 


against a risk of 8 per cent estimated for the general 
population. The morbidity-rate for mental deficiency 
among the sibe of propositi was no higher than the 
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risk in the general population of the area studied, 
nor was the rate of among the sibs of 
Drop ont ipoteci with a grade mentat defiojerioy 


E nage danas he’ oan. 


The morbidity-rate for schixo- 
phrenia as well as that for non-psychotic mental 
abnormalities among the sibs of propositi was sig- 
nificantly higher in the families where one of the 
Dee ae A Wau bever eels Or non O 

abnormality (mainly severe personality 
Eis ae kee oe a 


Of the mental defectives 88 per cent belonged to 
the group of uncomplicated, undifferentiated mental 
deficiency. In 4-1 per cent of the oases the mental 
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defect was combined with epilepsy, in 3-3 per oent 
with deaf-mutism and in 2-6 per cent with spastic 
peresis. These figures are considerably higher 
than oorresponding frequencies of epilepsy, deaf 
mutism and spastic paresis in the general popula- 
tion. 

The genetioo-statistical analysis confirms the find- 
ings of previous investigations that specific genetic 
factors are of i for the manifestation of 
undifferentiated low-grade mental deficiency. In the 
unclassified material, the morbidity-rate for the low- 
grade mental deficiency among the sibs of propositi 
with uncomplicated undifferentiated mental deficiency 
is 8-4 + 0-9 per cent. This rate is significantly higher 
than the oo. ing risk, 0-9 per cant in the 
general population. The rate among ers, 
11-3 + 1-5 per cent, is significantly higher than that 
among sisters, 5:6 + 1:1 per cent. 


J RADIOACTIVE FALL-OUT IN GHANA 


By Dr. A. H. WARD and J. D. MARR* 
Physics Department, University College, Legon, Ghana 


OUTINE radioactivo survey measurements were 
started in Ghana in October 1959, after the 


were extended in January 1960, and the first atomio 
explosion at Reggan was on February 13. It gave a 
peculiarly simple variation of radioactive fall-out in 
Ghana, as it was a single isolated test, after all other 
fall-out levels had fallen considerably following the 
cessation of atom bomb teste in 1958. The unexpected 
relatively large increase in radioactivity of samples 
of dust, crops, soil and water is summarized; most 
of, the measurements were by gross 8- or y-counting, 
and no chemical seperation has yet been made. 

-levels were very low in Ghana before 
there is little natural uranium or 


position near the equator, world-wide fall-out from 
earlier atomic testa had produced only very slight 
contamination. Daily measurements since January 
of activity in air-borne dust, deposited dust, and 
milk have been made at two laboratories, and the 
main results are shown in the two graphs. Tamale is 
in the Northern Region of Ghana, 1,000 miles south 
of Reggan, and the Accra laboratory is ab Legon, 
8 miles from the coast and 1,400 miles south of 


Reggan. 

The graphs show the daily measurements of radio- 
activity in air-borne dust per cu. m., and in deposited 
dust per sq. m. per day. Air-borne dust is collected 
by filtration under forced flow, using the method 
eee Division of 

the Cenadian Department of Health and Welfare ; 
an air pump is fitted with a glase-fibre fitter paper 
and with the average loading of dust has a capacity 
of about 720 m.* a day. Each and fitter is in a 
Stevenson screen, that at Tamale being 3 ft. above 
ground-level, that at Acora being on a flat roof 21 ft. 
above ground-level. Deposited dust was swept up 
daily from a measured area of flat concrete roof, 

* Technical adviser loaned to Ghana by Canadian Government. 


21 ft. above ground-level at both Tamale and Acora ; 


remaining activity was negligible. 
contamination Serd Ghana was dust- 
borne, and from the graphs the bulk of the oon- 
tamination appears to arrive between the third and 
tenth days after the explosion. Thereafter, the daily 
arrival of contamination is oon to fall of slowly ; 
some of the delayed arrival may be ‘ 
Goin, a dist wee blowin: ais freely kon all soil and 
send surfaces in Ghana and in the Sahara at this 
time, due to the extremely dry weather conditions. 
The fall-off in daily arrival of contamination is, 
however, more rapid than the radicactive decay of 
mixed fission producta, indicating that the total 
i carried by this ‘secondary’ dust is very 
much leas than in the original bulk of contaminated 
dust direct from 
Se ee ee All ar 
filters collect natural radium and thorium daughter 
products as well as fall-out radioactivity. The radium 
and thorium daughter producte decay rapidly, and 
their effective pyc./m.? content is shown on the graph 
up to February 16. After this date, the fall-out alone 
is shown; from repesied counts the contribution of 


the lo -lived fall-out can be separated from tho 
rapid ee inea E 

On the other hand, for deposited dust the 
total ivity content is shown in all cases. 


Tach wenn or lon bac boch Seod cat cued 
repeatedly to establish ita own decay scheme. Apart 
from some of the ‘peak’ samples which initially 
decayed more rapidly, all samples gave æ rate of 
decay fitting closely to the curve : 

I, = I tt (from t = 4 days onwards) 


origin 
than the smaller ones. Specimens of collected dust 
were therefore A a 
found that the speciflo activity of the transmitted 


Tarsale, 1980 


itr-borne dust (amo. Jam.) 
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Fig. 1 Arboris. dast- (fal line). ani deposited dust per day 
(dashed Tine) showing the J average, and the rise after the 
Bomb tert of 18 


particles was farty times greater than that of the 
retained icles. 

Rain fell at the Legon laboratories, Accra, on 
March 2 and 6, with an average activity of 60 mpo./L. 
The average activity was 0-018 myo./L 
Little rain fell at Tamale until mid-March ; but milk 
from two local grazing herds of cows showed a small 
increase on February 18, from a pre-bomb average of 
1-8 counte/fmin. per 10 ml, to counts of 3-7, 2-8, 
2-6, 8-6 and 4-0 for the days February 18-22. 


detailed analyses from the Tamale and Legon 
laboratories. 
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The y counting of top soil probably gives the bost 
measure of cumulative fall and 


firmatory figures. The average of all measurements 
for the cumulative fall-out up to the three dates shown 
is given below, in units of muo./m.*. 
medium and 
‘north’ (nine stations), ‘central’ (thirteen stations) 
and ‘south’ (eight stations) of Ghana (Table 1). 


Table 1 

















give the cumulative fall-out figures of the last three 
columns. Pre-bomb leaf measurements gave neg- 


ligible counts even with a - low-back- 
ground counter; pre-bomb dust figures are very 
small, and have been subtracted in the graphs and 
table above. The seperate station figures on which 
the averages in Table 1 are based vary considerably ; 
the highest level found in Ghana was 4:6 times the® 
average ‘north’ figure. 

On leaf samples of February 20, most of the radio- 
activity could be washed off, and so was attributed 
to surface dust; in later leef samples more of the 
contamination was ‘fixed’ in the leaves. 

The amount of dust radioactivity makes y-spectro- 
scoopy very easy, even with a single-channel 
taken from specimens of different 
18 were found to be typical of 

these 


` mixed fission producta of those ages, and 


generally predicted ‘for 
Ghana before the February 13 test at Reggan. Those 
familiar with local conditions had, however, antici- 
pated that direct fall-out was a posibility, on 


sooount of the wind circulation which occurs for the 
December- i 


taken during February 18-18 agree well with the 
observed times of arrival of the maim increases of 


13 decay, indicate a total 
maximum ‘north’ fall-out of less than 1 millirad for 
the year from the first French bomb test. It is con- 
sidered by many authorities that an additional dose to 
a whole population of 500 mullirads is aooeptable 


genetically. 

We wish to thank the Ministry of Defence of 
Ghana for financing the work and for permission to 
publish these results, and to acknowledge the valuable 
er a 

and the Director of Meteorological 
dete Ga 


no.azsa July 23, 1960 
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RADIOACTIVE LABELLING OF LEPIDOPTEROUS LARVA: 
A METHOD OF ESTIMATING: LATE LARVAL AND . 
PUPAL MORTALITY IN THE WILD 


By L. M. COOK 
Department of Zoology, University 
of Oxfo 


HE special advantages of marking insects by 
means of radioactive tracers have been 
in a previous communication by one of us'. It waè 
pointed out that the technique allows even holometa- 


employed for species with a rapid 

(Loousta migratoria L. and L. pardalina Walk), and 
sulphur-35 for those with a longer life-history (Panaria 
dominula L.)*. i 


The marking of adulta by 
feeding a radioactive tracer to the larvw has been 
carried out on a number of occasions’, but the 
unique advantages of this method of recording 
individuals in studies of population dynamics have 
not so far been fully utilized. We present here the 
results of two estimations of late larval and pupal 
mortality under natural conditions in colonies of the 
moth Panazxia dominula (L.). 


l. 1953 (H.-B. D. Kettlewell) 


The colony of P. doménula at Sheepstead Hurst, 
Berkshire, waa studied for some years by Dr. P. M. 


Sh *. Ho estimated the total size of the adult 
ion in each season using Fisher’s multiple 
recapture method’. In 1953 a sample of larve was 


taken from this colony and fed on deadnettle 
(Lamium spp.) which had been grown in water culture 
containing sulphur-35. 1,227 larve were returned to 
the colony, each giving 20 counts per minute or more 
above the background when scanned under a Geiger 
counter. Larve with counts as low as this can be 
used because the earlier work had shown that the 
recorded activity m the i es is always two to six 
times greater than that in poe eh da he 
scored as a larvamore than two months earlier. Sulphur 
is present in the wings of the adulta, but in the larvw 
it is internal, and the low larval count is 
due to the low penetrating power of the isotope. 
The larvae were extremely abundant in 1958, and 
in view of the heavy predation by cuckoos (they 
predators of 


release. The remains of about 25 P. dominula larve 
were present in the gizzard, but none gave radioactive 
counts, nor did the intestine, liver, heart or any other 
' part of the cuckoo. I did, however, note that there 
was a complete absence of larval hairs and‘ skins in 
the amall intestine, which suggesta that the cuckoos 
regurgitate the larval roughage, probably in the form 
of small pelete. 

In July 1953 the total adult population in the 
colony was estimated by Sheppard‘ to be between 
20,000 and 26,000. In the course of the sampling 
from-which this estimate was obtained, each 
insect was taken to the laboratory and scanned before 


AND 





Dr. H. B. D. KETTLEWELL 


Genetic Laboratories, of 
Zoology, Untversity 


being reloased again mto the colony. The labelled 
insects were clearly distinguishable from non-radio- 
active ones, the lowest count recorded being 76 o.p.m. 
above background. The resulta are given in Table 1. 


Table 1. Nummus oy Ravtoacriva INDIVIDUALS W RANDOM 


oy Dueunie 
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‘ Total larval population = 
radioactive larve released x total imagines caught 
radioactive imagmes caught 
The imagines were not scanned on the first five days 
of collection ; but using the ratio of the number of 
labelled insects to the total number m the sample 
from which they are recorded as an estimate of the 
frequency of radioactive individuals in the popula- 
tion, the mean number of larve is calculated to be 
231,767. The data suggest that marked individuals 
emerged alightly in advance of the rest of the popula- 
tion, however, so they may have been present at a 
higher frequency in the first few days. This is possibly 
because they were kept at a slightly higher tempera- 
ture than the rest of the population during the 48-hr. 
feeding period. Inspection of the scatter of their 
distribution in the later samples that 5 or 
6 may have been , and to recalculate the larval 
population. size o figures 4 and 7 have been used. 

ing the number of marked insects in the total 
sample of 4,088 to lie between 25 and 22, the mean 
number of larvee is estimated to be between 198,185 
and 225,210. With a total adult ulation of 
approximately 23,000 this gives an estimate of mor- 
tality over the intervening period of 88-80 per cent. 
It was apparent that the marked larvw could be 
recognized clearly when recaptured as adults; and 
no difference was observed between the viability of 
radioactive and non-radioactive controls. 
therefore decided to employ the same o again 
to assess late pre-adult mortality, this time m a very 
small colony which had thrived for some years in a 





302 


wild state in the vicinity of Oxford, following ite 
original introduction fram a laboratory stock. 


2. 1959 (L. M. Cook) 


The larve were marked in the same way as before. 
‘When. nearly full grown they were fed on radioactive 
Lamium for 24 hr., care being taken to ensure that 
the temperature was as near that ilng in the 
colony as posible. 165 larvæ were returned to the 
population immediately after feeding. At the same 
time four containers were set up with mixed batches 
of radioactive and non-radioactive larve as controls. 
The moths from them were soored as they emerged, 
-and despite the fact that there was heavy over-all 
mortality during pupstion there is no evidence that 
it is distributed differentially between active and non- 
active larvw (Table 2). The marked moths showed no 
tendensy to'emerge earlier than those which were not 

Table 2. SURVIVAL oF CONTROLS 

















Radioactive Non-radioactive 
Total number of Larvm weed 30 30 
Number of adults which 

emerged. 4 7 

4 3 

3 8 

4 1 

Total adult emergence 15 19 





ri =027,P >0% 


Because of the small size of the colony environ- 
mental conditions in it were relatively uniform and 
emergence of adults took place over a very short 

iod of time. A close watch was kept from the 
Bacar Tene onwards, and sampling was carried 
out every day throughout the season. As the moths 
in the colony emerged they were captured, scanned, 
marked with a spot of cellulose paint (receiving a 
distinct mark each time they were caught), and then 
Teleased. The larval population size has been oel- 
culated from the single capture-recapture equation 
using Bailey’s correction’ and the adult population 
size by Fisher’s method’. A summary of the date is 
given in Table 3. The mean number of larve present 
when the labelled sample was released is estimated as 
1,210, and the mean number of adults as 77. The 
mean value for the mortality over the period between 
the two estimates is 94 per cent. 

The estimation in two different colonies at different 
times suggests figures for late larval and pupal 
mortality which are between 85 and 95 per cent. 
adults lay about 200 eggs, or approximately 100 per 
individual. The population at Sheepstead Hurst com- 
prised 6,000-8,000 individuals in 1952 (ref. 9), so that 
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Table 3. POPULATION Dats FOR 1059 











Days from first June July | 
release 21 22 T3 24 25 26 27 28 20 30 1 2 3 
1 3858 32i123 2 448 
2 223230312 3 40 
3 0 112012122 1 
4 02 00100109 
5 10°0600et1i11 0 
6 0000100 
7 00001 0 
8 0 00 1 i 
9 0001 
Captures 5 11 13 8 9 6697 3 
Releases 41113 7894366788 
Badioactive 13.1 10001000 
e opaan n 
po 2 
15 18 21 $3 21 22 27 14 15 1% 8 8 
Estimated mean adult survival day 02-4 per cent 
Number of tagged paleesed 165 
Total number of moths captured 
umber of radioactive moths captured 5 
ted seasonal a ton sre 77 








the number of larve which remained of the 1953-53 
generation at the time when they were sampled was 
only about one-quarter of the total number of eggs 
produced. Thus, there is heavy mortality in the late 
stages of development after an appreciable drop in 
numbers has already taken place. The implications 
of this situation will be discussed elaewhere. The 
work presented here demonstrates for the first time 
that estimates can be made in wild populations, using 
@& radioactive labeling technique, which are of 
sufficient accuracy to stand as the basis for such a 
discussion. The method is capable of very wide » 
application to studies of natural populations of 
insects. 

We wish to thank Prof. G. E. Blackman for the use 
of facilities in the Department of Agriculture. We 
are very grateful to Dr. R. P. Martin and members of 
the staff for the help they gave us throughout the 
course of the work, to Dr. A. J. Cain, Dr. E. B. 
Ford and Dr. P. M. Sheppard, who read and criticized 
the paper m manusaript, and to Dra. N. T. J. Bailey, 
Dennis Chitty and P. H. Leslie, who gave us helpful 
advice on statistical matters. One of us (L. M. C.) 
received support from ea Nature Conservancy Research 
Studentehip, for which grateful acknowledgment is 
made. ‘ 
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ZINC CONTENT OF ERYTHROCYTES AND LEUCOCYTES OF 
BLOOD OF NORMAL AND LEUKÆMIC SUBJECTS 


By E. DENNES, R. TUPPER and Pror. A. WORMALL, F.R.S. 
Department of Blochemistry, Medical College of St. Bartholomew’s Hospital, London, E.C.I 


ANY studies have been made on the signifioance 
of zinc in the eye, pancreas, the male genital 
tract, and other tissues of the animal body4*. Binoe 
the recognition that carbonio anhydrase is a xino 
enxyme, with the metal as an integral part of the 


enzyme molecule‘, considerable progress has been 
made, largely by Vallee and his colleagues‘, in charac- 
terixing the aloohol dehydrogenase, glutamic acid 
dehydrogenase, lactic dehydrogon.se, and carboxy- 
peptidase, as zino metalloanzyn æ. Also, gino ions 
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increase the activity of many enzymes, and there 
appears to be little doubt that this metal has 
important biological functions relating to oellular 
-oxidation and possibly other aspecta of metabol- 


ism. 
Zino is in blood plasma, in which the metal 
is largely to the B-globulins (ref. 6 and unpub- 


lished work by us), and in and leuso- 
cytes, and although the last-named cells contain only 
about 8 per cent of the whole-blood zino’, the indivi- 


dual leucocyte is relatively rich in this metal, and ` 


“probebly contains more xino than does any other cell 
in the body’’*. A protein which contains 0:3 per cent 
of xino and which accounts for about 80 per cent of 
the leucocytio zino has been isolated from normal 
human leucocytes',*, but as yet there is no mforma- 
tion about the function of this protein. In work on 
tho. zino oontent of the blood of five individuals 
suffering from myeloid leukemia and three from 
lymphatic leuksamia, Vallee and his colleagues found 
that the zimo contents of the lenksmic leucocytes 
(expressed as ugm. sinc/10* cells) were exceptionally 
low, ranging from 10 to 40 per cent of the normal 
values, and they suggested’* that ‘“‘one characteristic 
of the blood d; ias known as leukemia is an 
inability of the leucocytes to attain a normal zinc 
content”. Wolf" has also obtained relatively low 
values for the serum zino and the leucocyte sino of 
leuksamio patients. 

During recent years we have studied the uptake of 
zino by normal and tumour tissues of mice, and we 
have measured the zino content of the blood cells of 
normal subjects and individuals suffering fram various 
types of leukemia. The determination of the xine in 
human leucocytes presents many problems. It is 
. necessary to prepare leucocyte suspensions which are 

practically free from erythrocytes, and erythrocytes 
free from leucocytes, and an ultra-micro method of 
assay for xino is required. For the separation of 
leucocytes, we have found dextran the most satis- 
factory substance to add to the blood to increase the 
rate af sedimentation of as advocated 
by Wildy and Ridley’. We have estimated the 
amount of nitrogen in small samples of leucocytes 
or erythrocytes by Ruseell’s colorimetric phenol- 
hypochlorite method'*. For the sino determinations, 
we developed a method of neutron activation 
analysis’ which allows duplicate zinc determimations 
to be made on two or three drope of blood, or the 
lenoocytes from 4 or 8 ml. or the red 
cells from about 0-2 ml. of human blood. The 
leucocyte samples used for each zinc determination 
contained 10’-10* leucocytes and about 0-2-0-6 ugm. 
zino. 

We have made determinstions on blood samples 
from 27 normal subjects and 22 leukemio patients 
(15 subjecta with chronic Jeukæmia and 
7 with chronic myeloid leukæmia), 
found that the leukemic 
leas zino (a mean value of 7-7 ugm. (S.E., + 1-8) of 
zinc, per 10° leucocytes) than did the normal leuoo- 
cytes, the latter showing a mean zino content of 
14-2 + 2-1 ugm. per 10" leucocytes. This differance 
between the leukemic and normal leucocytes is 
statistioally highly significant (P = 0-03). 

Since leucocytes show considerable variation in 
sixe, measurement of the a zino content per 
cell’ may not give the most satisfactory values for 
comparing the zinc contents of normal and pathologi- 
cal bloods, and we decided to calculate, in addition, 
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the amount of zins in the red and white oells in terms 
of ugm. zinc per mgm. of total nitrogen, in order to 
have a measure of the xino/protein ratio. With these 
ratios also, the leukwmio leucocytes showed a very 
much lower zino content than did normal 

The mean values (as pgm. xzine./mgm. total nitrogen) 
being 0:91 (+ 0-08) and 1-97 (+ 0-87) for the leukw- 
mis and normal leucocytes respectively. Statistical 
analysis showed that this difference is highly signifi- 
cant (P between 0-01 and 0-032). 

The amount of zinc in the shows & 
difference in the opposite direction, with the leuksmic 
erythrocytes giving a mean value of 1-13 (+ 0-06) 
ugm. of xino per 10° cells as compared with 0-96 
(+ 0-08) for the normal erythrocytes. The corre- 
sponding values for the erythrocyte zino caloulated as 
ugm. zinc per mgm. nitrogen were 0-26 + 0-01 
and 0-21 + 0-01 for the leukemic and normal bloods 
respectively. Statistically, this difference is highly 
significant (P between 0-02 and 0-05 for the zimo 
contents measured on 4 cellular besis, and between 
0-001 and 0-01 for the ratios calculated on a nitrogen 
basis). 

_The whole-blood samples showed no significant 

between the values for normal and leuks- 

mio subjects, and the relatively low zino contents of 

the leucocytes, and the higher zino content of the 

in leuksemic blood as campared with 

normal human blood, did not appear to be related in 

any way to abnormally low or high levels of total 
blood rino. - 

The low zinc content of leuksmic leuco- 
cytes is of special interest to us at present, and we are 
making further investigations of this phenomenon. 
It is poemble that the difference is due simply to the 
relative immaturity of the leukemic 
we are at present studying the zino content of leuco- 
cytes associated with other types of leucocytosis. 
On the other hand, there is the possibility, aa has 
been postulated by others, that the synthetic processes 
concerned with the formation of a xinc- in or 
some other xino compound sascciated with 
may be deficient m the leukemic subject. In this 
connexion, it may be significant that our total nitro- 
gen determinations have shown no significant differ- 
ence between the amount of nitrogen (and mT 
the amount of protein) present in the leukæmi 
leucocytes and that m normal leu A fall 
account of these investigations will be published 
elsewhere. 

This work was carried out with the aid of granta 
from the British Empire Cancer Campaign, and we 
are also indebted to Dr. T. E. Banks, of the Physica 

b of this College, for continued valuable 
help with the maintenance of our equipment used for 
radioactivity measurements. 


1 Vallee, B. L., J. Amer. Med. Avsce., 108, 1053 (1056). 


3 Valles, B. L., Phywiel. Rev., 80, 443 (1089) 

? Kellin, D., and Mann, T., Biochem. J., #4, 1163 (1940). 

t Xel, D., and Mann, T., Nature, 188, 107 (1044). 
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' L, Seend. J. Olin. Lab. nee, & Bapo. & 9 (1981). 

1 Vallee, B. L., and Gibson, J. G., J. Biol. Chem., 178, 445 (1048), 

* Hoch, F. L., and Vallee, B. L., J. Biol, Chem, 198, 51 (968). 

* Vallee, B. L., Hoch, F. L., and H W. L, Aro. Biochem. 
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~ SERUM’ ALBUMIN CONCENTRATION IN ANALBUMINAMIA 
AND ITS IMMUNOLOGICAL SIGNIFICANCE 


By Dr. J. H. HUMPHREY 
National Institute for Medical Research, London, N.W.7 


ENNHOLD, Peters and Roth! recently described 

a brother and sister whose sera contained no 
albumin detectable by electrophoresis If these 
persons completely lack human serum albumjn, and 
their last contact with it resulted from transplacental 
transfer from their mother some 30-85 years ago, it 
might have been expected that they would treat 
human serum albumin as a foreign protein and react 
to transfusion by developing antibodies. In faot, 
extensive investigations? have shown that one of the 
subjects, who received transfusions of human 
serum albumin, not y showed no signs of the 
increased slimination-rate which would have been 
expected had she formed antibodies, but actually 
catabolized transfused human serum albumin at 
about half the rate of normal persons. This raises 
the question whether albumin might have been 
present in the plasma m trace amounts even before 
transfusion, or whether the failure to develop antı- 
bodies was due to long i of immunological 
tolerance. The presence of traces of human serum 
albumin was therefore investigated by other tech- 
niques. 

Through the kindness of Dr. Kallee a sample of 
serum was obtained, which was taken from the 
brother (Karl Br.) before any transfusions had been 
given. Using a rabbit antiserum specific for human 
serum albumin, and employing the quantitative 
precipitin technique, the serum was found to contain 
a substance reacting immunologically as human 
serum albumin in concentration 1-6 mgm./100 ml. 
The identity of this material with human serum 
albumin was confirmed by the agar-gel diffusion 
technique, in which the subject’s undiluted serum 
gave s line continuous with that produced by albumin 
in normal human serum, and equivalent in conoen- 
tration to that given by normal serum diluted 1/2000 
(Pig. 1). Removal of antibodies to human serum 
albumin from the serum by adding a small excess of 
crystallized human serum albumin (Behrmg) pre- 
vented the formation of the line. Further oonfirma- 
tion was obtained by fractionation of the subject's 
serum with 22 per cent w/v sodium sulphate. The 
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supernatant, after concentration by preasure dialysis 
to 1/8 the original volume, was subjected to peper 
electrophoresis. Most of the protein was a- and 
f-globulin, but there was a very faint trace of 
material with the electrophoretic mobility of human 
serum albumin. 

Lohss and Kallee? have reported that ‘analbumin- 
samio’ serum may contain material behaving sero- 
logically as serum albumin, but differing from 
authentic serum albumin in its behaviour after 
extraction with a trichloroacetic acid-acetone mix- 
ture. To decide whether authentic serum albumin 
was present in the serum under study, the general 
method used by Lohss and Kallee was modified and 
extended. The proteins in the serum fraction where 
albumin might be present were radio-iodinated ; they 
were then precipitated with anti-human serum 
albumin in the presence of unlabelled carrier human 
serum albumin; the antigen-antibody precipitate 
was dissociated with trichloro—acetic acid—ethanol ; 
and the protein so obtained was subjected to electro- 
phoresis in starch gel. 

The 22 per oent w/v sodium sulphate supernatant 
from 1-85 ml. serum was iodinated with iodine-131 
by the iodine chloride method of MoFarlane', after 
preoxidation of any free —SH with non- 
radioactive iodine. An authentic sample of orystal- 
lized human serum albumin was iodmated in the 
same way for use in parallel control tests. Although 
the preparation from the ‘analbumimsmmic’ serum 
contained 23 mgm. protem, leas than 0:1 mgm. was 
expected to be albumin. In order to diminish losses 
due to adsorption, 3 mgm. of unlabelled carrier 
human serum albumin was added to the labelled 
‘analbuminmwmic’ material and to 0-1 mgm. of the 
ocantrol human serum albumin labelled with iodine-131. 
The albumin in each was precipitated with 26 mgm. 
rabbit anti-human serum albumin in the presence of 
5 mgm. potaserom iodine. As is shown m Table 1, 
the preciprtate contained only 1-1 per oent of the 
radioactive proteins in the test material. Even this 
could be partly due to co-precipitation of a part of 
the pee labelled a ae roteins present. - 

e test and control precipitates 
en Oe Get en they 
were stirred with 6 ml. 1 per cent w/v trichloracetic 
acid in 96 per cent v/v ethanol at 0°, to extract the 
albumin. After 2 hr. the residual precipitate was 
spun down at 0°, and the supernatant fluid was 
treated with 2 volumes of cold dry ether to precipitate 
the extracted protein. The recovered protein was 
dissolved in 1 ml. water at 0°. In this way 75 per 
cent of the radioactivity waa recovered from the 
antigen—antibody precipitate prepared with authentic 
human serum albumin, but only 19 per cent from 
that prepared with the ‘analbuminmmio’ material. 
Since the bulk of the precipitate in each case waa due 
to unlabelled carrier human serum albumin, and each 
sample was subjected to identical procedures, the low 
recovery of radioactivity from the ‘analbuminsmic’ 
material must have been due to the presence of 
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precipitate. 
In order to identify the recovered labelled materials 


solutions were concentrated 5-10-fold by dialysis 
against ‘Carbowax’ in the cold, and 50 uL of each 
é was then subjected to electrophoresis in starch gel, 
according to Bmithiest. The gels were fixed and 
;_ the albumin had travelled 10-11 am. from 


The distribution of radioactivity along the is 
shown in Fig. 2. Whereas 94 per oent of the authentic 
radioactive human serum albumin was recovered in 
- the albumin band, only 47 per oent of the radioactive 
protein recovered from the ‘analbuminsmio’ serum 
was located in this position, the remainder being 
distributed throughout the serum 
It is not certain whether the non-albumin radio- 
activity was associated with denatured material or 
- with traces of labelled globulins which had survived 
intact the earlier stages of and which 
would not have been present m the authentic human 
serum albumin. 
~ When compared with the authentic human serum 


albumin labelled with iodine-181, only 0-098 per cant 
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of the original iodinated protain in the 22 per cent 
costae sults ee 
albumin throughout the successive stages of precipita- 
albumin, extraction m 


electrophoresis (Table 1). On the assumption that all 
the proteins in the 23 per cent sodium sulphate super- 
natant were iodinated to the same extent, this would 

imply that the original serum contained 1-23 mgm. 
suthentio human serum albumin/100 ml.—a value 
quite close to the 1-6 mgm./100 ml. obtained by 
immunochemical methods. It is not clear why these 
results differ from those of Lohæ and Kalles’, but 
the explanation may lie in pre-oxidation of —SH 
groups before iodination with iodine-131 or in the use 
of carrier human serum albumin. The results oer- 
tainly underline their warning that no single tech- 
nique should be relied on to identify and measure 
unequivocally a material constituting so emall a 
proportion of a mixture, unless it possesses some 
readily identifiable specific property such as enzyme 
activity. 

The evidence seems sufficient, however, to permit 
the conclusion that traces of human serum albumin 
were preeent, and that the failure of these subjecte to 
develop antibodies in response to albumin adminis- 
tration does not require postulation of prolonged 
persistence of a state of immunological tolerance. 
Furthermore, it seems possible that ‘analbuminsmia’ 
may resemble ‘agammaglobulinemis’ in being a 
condition in which there is a very great, rather than 
an absolute, deficiency of the particular plasma 
protein. This work was made on serum from a 
single subject, and it is clearly desirable—though 
as Taras ciara a e 

ques the sera from other such subjecta before 
any transfusions have been given. 


1 Bennhold, and Roth, Verkandl, Deuteck. I 
Med., 00, 080 9b. = sat as 


"Freaman, Tye Matibows, Q: E., MoFarlans, A. 8., Bennhold, H., 
and m. 183-600 Uo 
* Lobm, F., and Kalles, H, Nis. Ckim. Acta, 4, 127 (1050). 


ACTION OF SOME SURFACE-ACTIVE COMPOUNDS ON THE 
GASTRO-INTESTINAL MUCOSA 


_By Da. J. A. NISSIM 
Pharmacology Department, Guy's Hospital Medical School, London, S.EI 


N a preyious article’, the actions of trimethyl- 
hexadecylamm 


: (1) damage 
to gastro-duodeno-jejunal mucosa after large oral and 


parenteral doses ; (3) loes of weight, presumed to be 
due to functional inhibition of the -intestinal 
mucosa, after smaller oral doses; and (3) cocasional 
hypertrophy of the- gastro-duodeno-jejunal mucosa 
after prolonged’administration of doses that are just 





NATURE 


m gastrio and intestmal mucosa af monse 


July 23, 1960 VoL. 187 


considered compatible with an 
acetylcholine effect. This was con- 
firmed by studies on the blood 
pressure of the cat and on the 
motility of stripa of rat mtestine. 
In both biological testa the potency 
of cetrimide was about 10-7 or 10 
of that of acetylcholine, but the 
drug seemed to block rteelf rapidly. 
Surviving animals were killed 
some 2-3 months after the injection 
and carefully examined, but no 
abnormality was ever detected. 
When oetrimide was given in- 
traperittoneslly in doses of 0:075 


4 


after [kgm, death occurred with 

1) Pylorio mucosa, (and ¢ and (3) Pia) inten muoma mucosa- ep, ody web Ox 68 ae AR within 3-5 min., but 

sttipe B oven doses of 2 mgm./kgm. caused 

100 per cent mortality m sbout 

too small to cause loss of weight. In a preliminary 12-15 hr. The largest doses which mice survived 


investigation of the mode of action, a number of 
related compounds have been studied and an attempt 
made to relate structure and activity. 
Trumethylheradecylammonium stearate is 4 
cationic surface-active quaternary ammonium oom- 
pound practically insoluble in water. The present 
investigation includes the study of (1) sodium 
stearate and oetyltrimethylammonium bromide or 
. ostrimide, two compounds which represent the acidic 
and basic of the molecule; (3) domiphen 
bromide, sodium lauryl sulphate, sorbitan mono- 
stearate (‘Span 60’) and polyoxyethylene sorbitan 
mono-oleate (‘Tween 80’), of which the first two are 
cationic and anionic and the last two non-ionic 
surfactants ; and (3) tetrasthylammoninm bromide 
and hexamethonium chloride, two simple quaternary 


or in eal injection to adult male mice in 
order to find out which of them possessed the selective 
activity exhibited by trimethylhexadecylammonium 
stearate on the gastro-intestinal mucosa. Afterwards, 
some of these substances were incorporated in diet 
41 in varous concentrations and fed to mice, each 
of the animals receiving 5 gm. of diet a day. All the 
mice used were from non-interbred albino O stock. 
Tissues for histological study were only taken from 
animals killed when moribund. 


Catlonic Compounds 


Cetrimide. Some of the results obtained after 
subcutaneous injections of oetrimide are given in 
Table 1. The LD0 of the bromide ester admmis- 
tered by this route was some ten times smaller than 
that of the stearate. There was always brown 
staining at the site of injection. After the smaller 
doses, mice died in 1-5 days and invariably showed 
reddish brown or coffee-ground hsmorrhages in the 
pyloric part or the whole of the stomach, m the 


duodenum, jejunum and sometimes the ileum, but ` 


not m the cæcum or colon (Figs. 1-3). Mice receiving 
the larger doses of ocetrimide died in a matter 
of minutes or hours and failed to show gastro- 
intestinal hemorrhage; but the duodenum was 
intensely stained with bile and the intestines 
contracted. e 

These findmgs, noted after doses of 0-25-1-0 gm./ 
kgm., and the occasional occurrence of convulsions with 
varying degrees of auriculo-ventricular block, were 


wero 1:5 and 1 mgm/kgm., and thus cetri- 
mide was some 50 times more toxic by the in- 
traperitoneal than by the subcutaneous route. 
For the stearate ester the corresponding factor wes 
about 10. 

When cetrimide was administered orally in diet 41, 

however, it proved no more toxic than trimethyl- 

lammonium stearate (Table 3). It seamed 
unlikely that this result was due entirely to poor 
absorption of the oetrimide from the alimentary canal, 
so that inactrvation of the compound by gastro- 
intestinal juices and/or food was presumed to occur. 
The ratio of intraperitoneal to oral activity was of 
the order of 2,000: 1. 

Domiphen bromides. This substance was adminis- 
tered by subcutaneous injection only (Table 1). Its 
LD50 was about 0-125 gm./kem., or 5/3 that of 
cetrimide. All postmortem findings, moludmg the 


histological changes im the gastro-intestinal mucosa, 


were similar to those after cetrimide. 


Anionic Compounds 
-Sodium steorats. Given both subcutaneously and 
intraperitoneally in single doses of 0:5 and’ 1-0 
gm./kgm., this compound was distinctly devoid of 


Table 1. EFTEOT OF SOKE SURFAOE-ACTIVE SUBSTAN COM ADMINIET END 
TO MIOR BY SupoUTANBOUS INJICTION 























Drug 

Trimothyibexa- 0 50 10 20 = 

decyammonnm 0-75 20 60 w 

stearate 100 20 92-3 100 

Oeirtmido 0-075 10 50 100 

0-100 10 70 100 

0-150 10 100 100 

0-188 12 100 67 

0-250 2 100 0 

0 500 a 100 0 

1 000 2 100 0 

Domiphen 0:100 10 30 100 
bromide 0-160 10 70 100 - 

0 200 19 90 pa 

0 250 2 100 50 

0 500 6 100 33 

1 000 2 100 0 

Sodium lauryl 0-100 2 0 0 

sulphate 0 200 2 0 0 

0 500 2 0 0 

1 000 2 0 0 

2 000 2 0 0 
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Tabie 2. JOO OF VANT AED EAROD OF RORY ICA OF, MION ON DIFTERANT/OORQANTRATIONE OF. BOME BUXFAOSLOHYN BOPETAROM TETI 
i ret 








































~ 
Cone. of drug Average original verage i | Average change 
% Derug In diet weight ati mon in Barvival period 
igm. 
TrimethyIhexadeoyi- 0 00 “u 35 24-1 — 0i 
ammonhım stearate 0 06 %0 - 23-7 ne —01 90 or more 
0-10 “u 2B- 21-7 — 1-8 60 ar more 
0-20 u B 200 — 3-4 17-85 
0-40 12 n3 184 —49 11-20 
Cotrimide 0-00 6 26-7 27-8 +06 indefinite 
. 0 08 6 26-1 266 +04 indefinite 
0-10 6 26-1 255 —06 todefinite 
0-20 6 26-5 md —490 85-0 
0-40 6 26-8 203 — 65 9-13 
Sodium stearate 8-00 4 29 8 28-5 —13 Indefinite 
0-50 4 20-3 20-5 — 04 indefinite 
Sodium jeuryi sulphate 0-50 6 23-0 280 00 indefinite 
100 6 273 259 —20 indefinite 
2-00 6 27-4 19 5 -79 3-4 
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any adverse effect on the thirteen animals used, and 
no loss of weight was noted. When killed 1-2 months 
after the injection, these mice differed in no way from 
the controls. The substance was also given to 16 
animals in a concentration of 0-5, 1, and 5 per 
cent in diet 41. The results leave no doubt 
that for all practical purposes the gastro-intestinal 
activity of trimethy: lamomonium stearate 
is invested entirely in the cationic part of the 
moleoule. 

Sodium lauryl sulphate. Subcutansous doses of 
aed 0:2, 0-5, 1 and 2 gm./kgm. of this compound 

given to two mice. Large akin ulcers, at 
beat aao Aea by enna, BDA a Iho TE: dAy 
after the injection of the three doses. The 
uloera did not perforate to peritoneum, which 
was evidently resistant to this action, and there was 
no evidence of systemic disturbance after the injec- 
tion. The animals remained alive and well and the 
ulos healed in about six weeks. Intraperitoneal 
injections of 0:2 and 0-4 gm./kgm. were each given 
to four mice. The animals receiving the larger dose 
- -died within 1-3 days, but postmortem revealed no 
consistent pathological abnormality to indicate the 
cause of death. 

The results obtained with oral feeding of sodium 
lauryl sulphate in concentrations of 0-5, 1 and 2 per 
cent are of fundamental importance. Death super- 
vened within four days in the group receiving the 
highest concentration, and all six animals showed 
typical gastro-intestinal hsamorrhage associated with 
marked loss of weight, jast as in the case of cetrimide 
and domiphen. However, the toxic dose was critical, 
as no adverse affects were noted after the two 
smaller concentrations of 0-5 and 1 per cent 
even in experiments lasting some three months. 
Animals receiving 1 gm./kgm. of this drug showed 


a transient: loss of weight averaging 2 gm. per: 


mouse at five weeks. 


Non-lonic Compounds 


Both sorbitan monostearate (‘Span 60’) and poly- 
- oxyethylene sorbitan mono-oleate (“Tween 80’) were 
given as a 10 per cent aqueous ion and solu- 
tion respectively by subcutaneous injection to mioe 
in doses of 1, 4 and 8 gm.fkgm. No loæ of weight 
followed, the animals remained healthy, and nothing 
abnormal was found when the animals were killed 
four weeks later. Doses of 1 gm./kgm. of “Tween 80’ 








given by stomach tube to three mice did not cause 
gastro-intestinal hemorrhage. 


Simpler Quaternary Ammontum 
Compounds 


Tetraethylammonium bromide and hexamethon- 
ium chloride were tested in subcutaneous doses rang- 
ing from 20 to 300 mgm.fkgm. The animals either 
died in 10-60 mim. and failed to show any injury to 
the gastro-intestinal mucosa or survived the dose and 
showed nothing abnormal when killed a week later. 


Discussion 


The above results indicate clearly that the activity 
of trimethylhexadecylammonium stearate with 
regard +o the gastro-intestinal mucosa ig invested 
mainly, end may be entirely, in the cationic part 
of the molecule. The related substance domi 
bromide possesses the same effect. If the side 
of the quaternary ammonium compounds is shortened 
or removed, this activity is aboli It is le, 
however, that such an effect is still inv: in the 
quaternary ammonium structure and may be revealed 
by investigating leas-soluble esters of the compounds, 
for example, tetrasthylammonium stearate. The 
fact that this action on the gastro-intestinal mucosa 
may also result from the administration of the non- 
quaternary—ammonium anionic sodium lauryl sul- 
phate strongly suggests that the activity is a feature 
of an ionic (cationic or anionic) long-chain structure, 
particularly as the non-ionic compounds tested gave 
entirely negative results. 

A point of great interest is that in the case of sodium 
lauryl sulphate the gastro-intestinal effect disap- 
peared completely when the dose was reduced from 
2 to 1 gm.jkgm. In other words, with this compound 
OAI eee) ee te ey 
dose. In case of the cationic quaternary ammon 


` ium surfactanta, the range of activity waa at least 


2-8 times that of sodium lauryl sulphate, so that 
halving a maximally toxic dose twice did not abolish 
the effect. The fact that such ion in 
activity is possible is a useful indicator for future 
research, aimoe an even greater grading of response 
may be expected to be associated with decreased 
toxicity. 

1 Nisim, JA., Nature, 188, £28 (1960). 
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REDUCTION OF THE INTESTINAL ABSORPTION OF GLUCOSE, 
' METHIONINE AND SODIUM BUTYRATE BY THE CATION 
TRIMETHYLHEXADECYLAMMONIUM 


By Dr. J. A. NISSIM 
Pharmacology Department, Guy’s Hospital Medical School, London, S.E.I 


N two preceding publications! it was shown that 

some Jonic surface-active compounds, includmg 
the stearate and bromide of trimethylhexadecylam- 
monium, have definite structural effects on the gastro- 
intestinal mucosa, Interferance with the absorptive 
function of the intestine was also presumed. In this 
article an account is given of the effect of these 
compounds on the intestmal absorption of glucose, 


methionine, sodium butyrate and water, as studied - 


in more direct experimenta. 

The methods used in the study of the effect of the 
trimethylhexadecylammonium cation on intestinal 
absorption are convenient modifications of the 
method described by Jervis st al.*. The different 
nutrient substances were perfused m normal saline, 
with or without the drug, through the intestine 
of rabbits or albino rats and circulated by a flow of 
moist oxygen from a oylinder. The animals were 
anwsthetized with sodium pentobarbitone, the gut 
washed with warm saline and emptied. A length of 
small intestine consisting of the duodenum plus a 
piece of jejunum, about 2 ft. long in the rat and 8 ft. 
long in the rabbit as measured from the duodeno- 
jejunal flexure, was with a known volume 
of the fluid under study. At the end of each experi- 
ment the perfusate was drained into a flask, ita volume 
measured, and the amount of fluid absorbed or 
secreted “per hour calculated. The length of the 
perfused intestine was then removed and measured 


The different solutions used were approximately 
neutral, their pH values ranging from 6-7 to 7-7. 

Glucose was estimated by the modified Schaffer 
Hartman method of King*, methionine by the method 
of MoCarthy and Sullivan', and sodium butyrate by 
the method of Smyth and Taylor’. Perfused and 
non-perfused duodenum and jejunum were fixed 
either in formol-saline or in ice-cold 80 per cent 


aloohol at the end of the experiment for histological — 


study. 

The experiments may be divided into two groups 
according to duration of perfusion: 2-br. perfusion 
experiments, and half-hour perfusion experiments. 


Two-hour Perfusion Experiments ~ 


The control perfusion fluid consisted of normal 


saline contaming either 0:3 per cent glucose and 
0-3 per cent methionine together or 0:3 per cent 
sodium butyrate alone. 250 and 125 ml. of fluid were 
perfused in the case of rabbits and rate respectively. 
Trimethylhexadecylammonium stearate was added 
to the perfusion fluid to give concentrations of 0-1 
and 0-5 per cent, while oetrimide was used in con- 
centrations of 0-01 and 01 per oent. Samples of 


perfusate for glucose and methionine, or butyrate 
estimations, and samples of blood for glucose estima+ 
tions were taken at 0, 1 and 2 hr. Perfusion preasure 
was 10-12 am. at the duodenal end, but only just 
above zero at the distal end. The rate of flow was 
kept at 20-40 ml./min. by adjusting the oxygen 
flow. The bile duct was included in some experiments 
and exoluded in others. 

Rais. This group comprised four control rate and 
eight rate perfused with the control éolution contain- 
ing the drug in the form of the stearate ester. Four 


of the latter received 0-1 per cent and four received - 


0-5 per cent of the drug, but since the results obtained 
with the two concentrations did not differ signif- 
cantly, they have been grouped together for simplicity 
(Table 1, Fig. 1). The absorption of glucose and of 
methionine fell to one-half and one-third respectively 
with the addition of the , and the absorption of 
water was likewise dimini Furthermore, in 
spite of wide variations in the levels of blood sugar 
under the conditions of the experment, there was a 
net rise of 82 mgm./100 ml. in the control group and a 
net fall of 6 mgm./100 ml. in the treated group, a 
result compatible with the more rapid rate of absorp- 
tion. of glucose in the former. To counter the sugges- 
tion that the decreased rate of disappearance of 
glucose from the te under the influence’ of 
the drug was due to decreased utilization by intestinal 
bacteria, a suspension of some 15-20 per cent of the 
intestinal contents of a rat in 125 ml. of the control 
solution was circulated in the apparatus for 2 hr., 























Table 1. ABSORPTION OF GLUCOSE, METHIO BUTYRATE AXD 
WATER AND REN Iw BLOOD GLUCORE IN $-uR. PERFUSION EXPaxt- 
MENTS. FIGURES REPAMEENT MINAN + S.N. 

Bats | Rabbits 
a 0 land 
Control 0:5 por omt Control -| 0 1 ont 
(4 exp.) °. (19 exp.) | oen a 
(8 exp.) (6 exp.) 
Peroan 616433| 305418 |530436| —0 0478 
abeorp P <i% P 
af glucose SOIN 
Bise in blood |31 9478| -59485 |62 4+0 3| 2084+109 
gluoose <00 Po 
(mgm./100 ml.) . oe 
Percentage |501420/187429 | 549438] 541 
absorption of P <10 = & eet 
methionine or 
Find tion | 0506| 10408 | 58425 ee 
absorp : Pol 20 Of" 
(mL/hr. > 
"pened 1n 748435] 7388424 140 0 - 150-8-_ 
din- i ae 
Percentage 33 148 8 | 3404110 | 
fon oB (3 . only 
of babyrate onp) |‘ &™P- oni? 











* TAS = Trimsthylheaadecylammontnm stearate. 


Concentration cor as (mgm./100 ml)’ 
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concentration at the end of the experiment. 
Rabbits. This group comprised initially nine control 


- rabbits. "The perfusion of 0-1 per cent trimethyl- 


group, which now comprised 19 ex- 


' oaa timation. readings were in faot 


hexadécylammonium stearate in seven rabbite, with 
and without 0-06 per cent hydrochloric acid or bile, 
did notinhibit™ the “absorption of 
either TE Sim- 
ilarly, the perfusion of 0:01 per cent - 
osteimid m three rabbits had no 
These 10 rabbits were there- 
fore - fore ingtuded in the final control 


periments. Six rabbits were then 
San pent cetrimide in the 
oi, and here the results 


unaffected. 
In three. of thesi rabbita the gluc- 


ter for the final sample than for 
the first, and if the reducing material 
is accepted as wholly glucose, the 
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excess sugar recovered in the perfusate equalled 125, 
159 and 312 mgm. respectively, go that in the last 
hour the direction of net flow of glucose was from the 
blood to the intestine (Table 1, Fig. 2). 

Three control rabbita were given 0-3 per cent sodium 
butyrate in normal sale but no glucose, and three 
were given the same solution contaiming 0-1 per cent 
cetrimide. There was no inhibition of the absorption 


-of the short-chain fatty acid as is evident from 


Table 1, but although no glucose could be demon- 
strated in the perfusate of the control rabbits at any 
time, reducing material began to appear at 1 hr. in 
the perfusate of the rabbits receiving cetrimide and 
the total recovered at 2 hr. for the three rabbits was 
equivalent to 220, 306 and 391 mgm. glucose. 

Finally, in one experiment, 0-1 per oent glucose- 
free solution of cetrimide in normal saline was per- 
fused in a rabbit for 6 hr. Titration readings for 
glucose on the te gave the values of 0, 23, 75 
104, 116, 122 and 183 mgm./100 ml. at 0-6 hr. The 
2-, 4 and 6-hr. values of 75, 116 and 183 mgm./100 ml. 
were checked by the specific glucose oxidase method of 
Huggett and Nixon*, and the respective values 80, 
108 and 127 mgm./100 ml. were obtained. The close 
agreement between the two seta of figures identifies 
the reducing substance as mainly if not entirely 
glucose. 

125 and 250 mgm. cetrimide given subcutaneously 
to two rabbits, both weighing 2 kgm., did not cause 
glycosuria, so that in comparable doses this substance 
does not appear to possess the obvious blocking effect 
of phloridzin on the absorption of glucose by the 
renal tubules. Conversely, a perfusion iment 
in which 0-1 per cent phloridzin was used reduced the 
intestinal absorption of glucose only to 25 per cent 
and had no effect either on methionine or on butyrate 
absorption. 

Half-hour Perfusion Experiments 


Only rate were used here, and the perfusion fluid 
consisted of 50 ml. of normal salme contaming 0:2 
per cent each of glucose, methionine and sodium 


-~ butyrate, which were studied together. The drug 


concentrations were the same as in the 2-hr. experi- 
ments. Blood samples were collected from the tail 
at the beginning and end of each experiment, and the 
change in blood sugar noted; but perfusate samples 
were estimated for sugar, amino-acid and fatty acid 
only at the end. The hydrostatic pressure was kept 
at 7-10 am. at the duodenal end, and the rate of 
flow at 10-20 ml.fmin. The bile duct was included in 
all experiments. 





of rats after for@hbr. (x 75) 
stearate. 
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In BLOOD GLUCOSE IN į-HR, PIRYUKION EXPRROOORTS OF 
WrmRoors 


BuryRata Rise 
Bats, Figures Kuremeuwr Mean + S.B. oF Foun 























TAS = Tromethylhsradscylammontum stearate. 


The resulta obtained in five groups of four rata are 
given in Table 2. The five groups comprised a control 
group and four others in which the animals received 
in addition 0-1 and 0-5 per cent of the stearate ester 
and 0-01 and 0-1 per cant of the bromide ester in the 

ion fluid. The effect of the cationic trimethyl- 

ecylammonium of both eaters on the absorption, 
of water, glucose, methionme and butyrate can 
scarcely be questioned. 

In all experiments with this cation the secretion of 
mucus by the intestine was increased as compared 
with the control, and the effect seemed proportional 
to the activity and concentration of the drug. 


Histological Results 
In 2-hr. perfusion experiments, both im control 
and treated animals, large numbers of cells appeared 
in the lumen of the and consisted chiefty of 
leucocytes and shed epithelial and mucus cella; but, in 
addition, rabbits perfused with 0-1 per oent cetrimide 
showed definite damage to the intestinal villi. In half- 
hour perfusion expernments, the number of oells in the 
. lumen was markedly less and scarcely differed fram , 
non- control intestine. Similarly, rate per- 
with 0-1 per oent trimethylhexadecylammonium 
stearate did not differ significantly from either, but 
those perfused with 0-5 per cent of the stearate ester 
and with 0-01 per cent of the bromide ester showed a 
significant increase in cells shed and those receiving 
0-1 per cent cetrimide showed frank damage to the 
intestinal muoosa (Figs. 1-8). 


Discussion 


The most striking and consistent effect of trimethyl- 
hexadecylammonium was on the absorption of 
glucose, which at a concentration of 0-1 per cent of 
the bromide eater appeared to be completely mhibited. 
At this concentration, cetrimide is described as non- 
irritant to tissues” ; however, the injury to the intesti- 
nal villi in these experiments was unmistakable. An 
interesting feature was the marked differences in 
species with regard to their senartivity to the inhibi- 
tory action on glucose absorption. There was, in 
addition, the interestmg abeence of an inhibitory 
effect on the absorption of methionine and sodium 
butyrate in the rabbit, though the effect on the 
absorptien of glucose waa more or leas as pronounced 
as in the rat. Furthermore, it is evident that the 
inhibitory effect on absorption was not related to the 
degree of injury caused by high concentrations of this 


0-01 per cent 01i ont 
Control 0 1 per cmt TAS | 0-5 per cent TAS ceotomids cotrimtde 
| Percentage absorption of 30-4 12-5 21426 247410 29-3433 i EEFE? 
glucose P<0 0 Pejo -= 0-08 Pigs 
Riso tn blood 1175 + 8 723 +20 592 + 228 889 +81 BIBI 
(mgm./100 mL) PD 1 1 4 P<08 
Percentage absorption of 489413 3234195 18-2 42-1 20443-5 183425 
methionine P<001 P <10 P<001 Pcie 
Percentage shore p ut of 58 9 + 2-7 87-1 +43 R I+ 2838+12 173 4ds 
butyra P < 001 P < 10 P < 10~ P < i07 
Fiold absorption 59408 18410 27406 1840 —-181409- 
(ml. fbr.) P<0@ peoo P<001 P <10 
Tenat of përfünod titestine 25407 653426 023 +29 658386 660482. 
‘om. 











cation, as the absorption of methionine and butyrate 
continued at high concentrations in the rabbit, but 
failed at low concentration in the rat. This is an 
important findmg, and in the search for new com- 
pounds the aim should be to widen this gap still 
further. 5 

Thoe regults of perfusion experiments reported here 
support the earler conclusion! that large doses lead 
to structural damage, while small doses “appear to 
reduce the functional efficiency of the mucosal cell’. 
The functions of the mucosal cells are presumed to be 
mainly enzymic in nature. In the present investiga- 
tion, the marked species differences point clearly to 
specific enzyme actions being involved in the fune- 
tional mhibition of activity. 

The concentrations of the stearate ester used in the 
perfusion experiments have been of the same order 
as those used in feeding experiments, but in i 
the signifloance of histological injury to the rena] 
mucosa it should not be assumed that the same 
conditions prevail for the action of the drugs in both 
cases. It is quite clear, for example, that cetrimide 
in the rat is at least ten times and probably a hundred 


. times as active in perfusion as in feeding experiments 


in which the drug is incorporated with diet 41. It is 


- possible that the inhibition of absorption, which in all 


probability depends on the uptake of the cation by 
specific enzymes, can be achieved slowly in a feeding 
experiment as the ester is gradually solubilized in 
the intestine to inactivate more and more enzyme 
molecules. On the other hand, structural damage of 
villus ocells, which evidently differs ın its mechaniam 
from that of inhibition of absorption, may be more 
directly related to the actual concentration of the 
cation present in the bathmg -fluid. 

I should like to thank Mrs. Miriam Thurlow and 

iss Myra Jones for their expert and willing technioal 
assistance, Mr. L. Westwood for invaluable help, 
particularly im the preparation of the histological 
sections, and Prof. W. J. H. Butterfield and Miss 
Margaret Wichelow for carrying out check glucose 
estimations by the oxidase method. 
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i ‘The Hxtra Pharmacopmia”, 865 (The Pharmacon 

Press, 1958). 2 
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PHYSICS 


Effect of a Resisting Couple on the 
Rotational Motion of a Rigid Body 


Tus examination of the effect of external couples 
upon the rotational motion of artificial Barth satellites 
has been of interest, in view of the rapidity with 
which their instantaneous axes of rotation have been 
observed to approach the axis of greatest moment, 
even when they bave been initially spun about the 
axis of least moment. - In this particular problem the 
role of internal energy dissipation due to nan-rigidity 
may in fact be important, but, setting this aside, the 
theorem set out below. appears relevant. This states 
a well-known principle and many of its corollaries 
have been proved; however, I have been unable to 
trace any direct reference to the proposition, or ita 
converse, and would be grateful if any reader oould 
do so. - 

The proposition is as follows. An external couple 
applied for a discrete time to a rigid body about its 
instantaneous axis of rotation in the sense opposing 
ite rotation tends to cause that axis to the 
ax of greatest moment (provided that the instan- 
taneous axis is not initially that of a permanent 
rotation). 

In regard to the proof, we note that if h is the 
vector moment of momentum, and w the angular 
velocity, then the kinetio energy of the rotation is: 


T = thw (1) 


and in the free motion following the application of 
the couple, the invariable line intersects the surface 
of the ellipsoid of gyration at points distant (h*/2MT)*3 
from its centre (M being the body mass). Thus the 
value, of (A'/2T) is bounded above and below by the: 
` greatest and least moments of inertia, and such limit”, 
values denote respectively a permanent rotation of 
the body about the axes of greatest and least moment ` 
in the free motion. Further, within these bounds, an 
increase in (4*/27) would imply a change in the free 
motion, consisting of an expansion of the invariable 
cone about the axis of least moment, and/or a contraoc- 
tion about that of greatest moment. The correspond- 
ing change in configuration of the polhode oone is 
analogous, as it is an affine transformation of the 
invariable oone. 

Interpreting such a change in the motion to be that 
implied in the theorem, its proof is as follows. From 


the equations ‘of motion we deduce that, if G is the 
couple, then during its action : : 
aT ‘ 
: ae Oe w.G, = T (3) 
eS y T 
o o dh: ' 
ai et 8h.G. = r (3) 


Consequently it-follows fram (2) and (3) that : 


q z (M/T) = 2T(h.G.) — h*(w.G.) 


ao -~ a 
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or ze equation (1), the right-hand side may be 
rearranged to give: 
| (4) 


If, as in the proposition, G is opposite to w, then 
(h?/2T') is increased while the couple acta and remains 
constant thereafter, unless h x w = 0, which would 
indicate a rotation about a t axis. It may 
further be shown that the value of (A*/27') increases 
asymptotically to its upper bound as the total applied 
wrench is indefinitely increased. 

The converse of the theorem may be stated as 
follows. If the instantaneous axis, not being initially 
permanent, is caused to approach the axis of greatest 
moment by the action of an external couple, then for 
some discrete time the resolved component of that 
couple about the instantaneous axis opposes the 
motion. 

For we may, without lose in generality, compound 
the couple of three non-planar components, one in the 
direction of the vector h x w (which exists if the in- 
stantaneous axis is non-permanent), another in the 
direction of the moment of momentum and one 
in the direction of the Instantaneous axis. By (4), only 
the last-named component affecte the rate of change of 
(h*/2T), and since (h*/37) is increased, this component 
must be sensed in opposition to w. 

Thus, the instantaneous axis of rotation of a rigid 
body, not being initially a permanent axis, approaches 
the axis of greatest moment if, and only if, the body 
is acted on for some discrete time by a resisting 
couple about the instantaneous axis. A body sub- 
jected to a continuous resisting couple about the 
“‘ngtantaneous axis is unstable in an initial motion 
abdut the permanent axis of least moment, but stable 
about that of greatest moment. 

An exactly analogous proposition and converse 
exists in relation to an accelerating couple, the body 
then tending to rotate about the axis of least moment. 


d 
Jı (MIST) = 4(G x b).(m x w)/T 
= į[G, h, h x wJ/T* 


” T. NonwanmeR 


The Queen's University, 
Belfast. 


A Relation between Ultrasonic Velocity and 
Latent Heat of Vaporization 


SuvansL attempts have been made by different 


‘investigators to find the relation between ultra-sonio 


velocity in liquids and the joal erties. 
One such eigen as been. ape oe Res takrir 
cally. Recently, Kishimoto and Nomoto’ have 
obtained a relation between tem coefficient 
of ultra-sonio velocity and boiling point of a liquid. 
In this communication we present a new relation 
between ultra-sonic velocity and latent peat of 
vaporization. 

For this investigation we have used ultra-sonic 
velocity data taken from the literature for about 


X 


812 . 
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Fig. 1. Balaton betwosn ultra-som valocnty ana eat af vaporize- 


forty-five liquids in addition to some measurements 
which we have made on liquids not included in the 
literature. We have inoluded a few liquefied gases 
and molten metals. In the first instahoce the values 
of the latent heats of vaporisation L, were plotted 
against the ultra-sonic velocities at 80° C., but as 
there was no sign of linearity in the graph, the values 
of L, were replotted against the square of the ultra- 
sonic velocity V. It was found that the observations 
gave a fairly lmear graph. To see if the linearity of 
the plot of pomts improves, the values of the latent 
heats at boiling point are again plotted against the 
extrapolated ultrasonic velodities at temperatures 
where the molar volume of the saturated vapour of 
the liquid is 22-4 L, and this plot (Fig. 1) shows 6 
better degree of lmearity. A smooth line is drawn 
so as to pass through the maximum number of points 
and using the gradient of this straight line the follow. 
ing empirical relation is obtained : 
Ly = 183 p° 

where L, is in cal./gm. and V in km/sec. If Ly is 
expressed in ergs/gm. and V in om./seo., this relation 


Teduces to the simple form Ls rw ,V*. 


It may be noted that significant deviations fram 
the linear graph are observed only in the case of 
highly associating liquids like water, aloohols and 
organic acids. It is in any event that these - 


liquids would not show such a simple relation in“view, ` 


of the molecular associations and complexes fi 
It is significant that these deviations aro always on 
the higher side of Ly as expected, and the excess over 
the value from the linear graph may be regarded as 
giving some idea of the association í 

We have been able to deduce this relation theoreti- 
cally by using the equation of state of a liquid obtained 
by Wentorf, Buehler, Hirschfelder and Curtiss* 
based on Lennard-Jones and Devonshire's liquid 
model‘, and utilizing also Trouton’s rule modified by 
Hildebrand and the relations deduced by Kishimoto 
and Nomoto’. A detailed paper embodying these 


resulte will shortly be published elsewhare. 


“We are indebted to the Council of Scientific and 
Industrial Research for financial assistance in this 
research work. 

B. RAMACHANDRA Rao 
P. R. K. L. Papam 
Andbra University, 
Visakhapatnam 3. 


1 Bama Eao, M., Ind. J. Phyt 14, 108 (1940). 
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Macroscopic Swelling of come 


Crystals, In 

Expanpriva ee kes as 
smectite and vertniculite.-groups form complexes 
with organic cations by replacement of the i inorganic 
cations present in interlayer positions in 
these minerals'*. The formation of a complex, and 
sometimes also the orientation of the organic ions 
within the lattice, oan be inferred from changes in 
eae ee 
diffraction. 

During studies of a series of i i 
baaa an eee a eee 
vermiculite containing interlayer butylammonium 
ions swell macroscopically when. placed in water. 
Swelling is anisotropic and’ oocurs in a direction 
perpendicular to the plane of the silicate layers, 
leading to sn Increase in volume’ of the order of 3,000 
per cent. The swollen crystals are coherent and gel- 
like. Their and homogeneous appearance 
suggest that the 10-A. thick silicate layers remain 
effectively parallel to one another on swelling, and 
the observed increase in thickness indicates a mean 
interlayer distance of several hundred angstroms. 
Low-sngle X-ray diffraction examination of several 
swollen, crystals, for which I am indebted to Drs. K. 
Norrish and J. A. Raenussell-Colom, indicates that 
individual interlayer distances probably do not 
deviate markedly from the mean value. 

In view of these results, it seams justifiable to 
derive the interlayer distance in swollen orystals 
directly from measurements of the change in thickness 
of a orystal before and after swelling. The data in 
Fig. 1 were calculated on this basis using a vermiculite 
from Kenya’, and show that the swelling, which is 
reversible, oan be oontrolled by varying ‘the concen- 
tration of butylammonium ions in the external . 
solation. At hi concentrations, ‘the interlayer 
distance is 9-10 A. (dos, = 19-2 A.), suggesting that ~ 
the butylammonium ions are oriented &b Tight angles 
z to the silicate layers. When the external oonoeritra~ ` 
tion is reduced to about 0-06 N, marked swelling 
develope rather suddenly, and spacings in“the region 
‘of 170 A. are found. Further dilution results in 
continuous swelling to a maximum of about 580 A. at ` 
infinite dilution. In this latter region, the interlayer 
distance appears to be related linearly to the reciprocal 
of the square root of solution concentration. 

The ability of single orystals of lithium-vermiculite 
to swell when immersed in water has been mentioned 
briefty on previous oocasions*,*. Testas show that the 
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degree of swelling m this system is 
also related to electrolyte concen- 


lithmmm-vermiculite crystals to ex- 
foliate and break along cleavage 
planes during swelling makes 
measurements of changes in crystal 
thickness leas reliable as an index 
of interlayer distance. Neverthe- 
leas, the mdications are that, while 
the maximum amount of swelling 
is of the same order as that 
observed with butylammonium- 
vermioulite, the discontinuity in 
the curve, which occurs at about 
0-15 N in this instance, leads to a 
relatively small ‘step’ of a few 
tens of angstroms. Apert from 
lithium and butylammonium, no 
other inter-layer ions tested so far 
cause extensive macroscopic swelling with water, 


Fig. i(s). 


process 
the swelling of aggregates of hydrogen-, ltthium- and 
sodium-montmorillonites aa studied by Norrish’, and 
ascribed to the development of diffuse electrical double 
layers following upon the hydration and dissociation 
of the cations from the negative sites on the silicate 
layer surfaces. One may speculate that a simular 
mgchaniam operates m the butylammonium-vermicu- 
lite system, and that the sudden large expension, to 
an interlayer distance of 170 A. at 0 06 N electrolyte 
concentration with the formation of 
‘icebergs’?* around the butylammonium ions. 

Tho highly oriented structure of these swollen 
crystals appears to offer a unique opportunity for 
examining the properties of water films of variable 
and known thickness associated with silicate layer 
surfaces, and further work on this and other aspects 
of these systems ıs in progress. 

G. F. WALKER 


Ohemical Research Laboratories, 

Commonwealth Scientific and Industrial Research 
Organization, 

a Molbourne. 
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Dislocations in Layer Structures 
non-metallic substances with layer structures, includ- 
ing talo and graphite, by transmasion electron 
microscopy. They observed neta of widely dissociated 
dislocations particularly in tale. Splitting mto more 
than two partial dislocations im such hexagonal 
layer substances had been forecast by Kronbergt. 
Grenall* has observed dislocations in graphite. previ- 
ously, but did not obeerve dissociation into partials. 
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Transmission electron mucrogra: 





of molybdentts fake. 
1°. (x 62,000) 


(b) As (a), but 


sample tilted abou 


We have examimed cleavage fragments of graphite 
and molybdenite for evidence of dislocations and 
have found that the interpretation of electron micro- 
graphs from such materials is rendered difficult by 
the presence of contrast effects due to extraneous 
surface detail such aa steps and irregularities and by 
the presence of sub-gram boundaries. However, if a 
massive specimen is split in two, very thm and quite 
uniform leaflets can usually be found on the cleavage 
surfaces. Suitable leaflets of molybdenite which 
transmit in the red can be selected under the micro- 

using indirect illumination, and freed from the 

with a fine needle. These specimens (about 
l cm. x 1 om. x lp) are adequate for optical 
transmission studies‘, but are found still to consist of 
somewhat misoriented aggregations of sub-grains. 
When such specimens are exposed to ammonia 
vapour at — 78° C., a rapid absorption takes place, 
which results ın a considerable weakening of the solid, 
so that these already thin pieces disintegrate easily 
into thinner fragments without undue mechanical 
damage. Fragments obtamed m this way give 
reasonably mterpretable resulta when submitted to 
transmission microscopy at high resolution in a 
Siemens ‘Elmiskop I’ electron microscope uamg 


~100 KV. Figs. la and b are an electron stereopar 


(tilt angle, 1-2°), obtained on molybdenite, which 
show e& number of interesting features. A network of 
dislocations running vertically and about 
100 A. is visible at A m Fig. la and disappears on 
tilting (Fig. 1b). A number of dislocations are visible 
at B (Fig. 1b). The prominent | line feature at 
O in Fig. la, the contrast of which decreases in Fig. 
lb, 1 probably also a dislocation. A number of 
interesting closed loops are visible at D in Figs. la and 
b. On tilting, some of the loops tend to change from 
single to double loops as at D,; others show contrast 
reversal within the loop, as at D, and D, Loops 
with a dark oentre spot are also observed at D, and 
D,. The loops showing contrast reversal are thought 
to be dislocation loops enclosing stackmg faults, 
although the details await further elucidation. 
Cleavage steps are visible at E (Fig. la). 

Graphite flakes prepared by the above technique 
have not so far yielded resulta of sumilar interest, but 
recently we obtained a spectrographic graphite 
powder of high ity and a remarkable dees of 
order (grade SPi, National Carbon Co., New York, 
N.Y.). This material can be packed under moderate 
compression to give compacts of the density antici- 
pated for a graphite single arystal, which is somewhat 
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Wig. 2. Transmision electron mierograph of graphite particle. 
(x 62,000) 


unusual. The powder consists of well-defined hexa- 
gonal particles, about 102 wide, the edges of which are 
sufficiently transparent to 100-kV. electrons to permit 
examination at high magnification. The plate-like 
particles frequently show moiré fringes imdicating 
a rotational misfit between adjacent layers, which are 
presumably each some hundred angstroms thick. 
The perfection of the moiré over distances 
of }-lp (Fig. 2) indicates that ions of the layers 
up to this size are free from imperfection. A fourfold 
Ime detail some 600 A.wide, which is probably a set 
of dislocations Tan the besal plane, may be seen 
running from A to B (Fig. 2), acutely inclined to the 
moiré fringes. A similar band of four lines can be 
geen running from C to D, increasing in width to a 
maximum of about 500 A. as O is approached. 
Since graphite is a material of exceptionally low 
stacking fault energy, wide dinsociation of dislocations 
ing fault is to be 


four partial dislocations in graphite 
number from atomic considerations of the 
possible steps in the shear process. i 

A number of other features in Fig. 2 are worthy of 
note. EF is a dislocation which is roughly parallel.. ' 
to the band OD discussed above.. G is a hexagonal 
loop which is about 1400 A. long by 850 A. wide. 
This is probably a dislocation loop. One pair of sides 
of this loop is parallel to the moiré fringes, another 
pair is parallel to the crystal edge HJ. The existence 
of hexagonal dislocation loops may be related to the 
observation by R. H. Savage (private communica- 
tion) that thermal etching of graphite produces 
shallow hexagonal holes, and to the observation by 
one of us (P.C.) that chemical etching uces 
similar holes. Above H, a number of farther disloca- 
tions are visible. : A 

It appears to us that the search for dislocations in 
matèrials of this type is rewarding, but in the softer 
materials is very dependent on method of prepera- 
tion of the sample. 

y. A. Pooirs 


P. CANNON 
General Electric Research Laboratory, 
Schenectady, 
New York. 
3 Ametoka, B., and Delavignette, P., Nature, 198, 008 (1900). 
* Kronberg, ML, Aata Ma., 5, 507 (1957). $ 


3 Grenall, À., Nature, 188, 448 (1958). 
‘Cannon P., Graphite Moeting of the Soc. Chim. Phys., Pari (1960). 
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Cage Effect-in the Liquid-Phase 
Photolysis of: Fluorinated Ketones 

In a previous communicatian!, the productes of 
photolysis of 1:8 ‘dichlofotetraflucroacetane were 
described, and the absence of compounds which 
could arise from the reactions of the chlorodifluoro- 
acetyl radical noted. It is assumed that in this 
behaviour the ketone is similear to hexaftuoroacetans, 
which has been ahown to dissociate on photolysis into 
two triftuocramethyl radicals and a molecule of carbon 
monoxide’. Acetone, on the other hand, has been 
shown to dimociate into an acetyl and a- methyl 
radical when photolysed at room temperature’. 

It seems probable that the primary aot in the photo- 
lysis of 1 : 3 dichlorotetraflucroacetone is the produc- 
tion of two chlorodifluoromethyl radicals and a 
molecule of carbon monoxide, although the results 
do not rule out thé possibility of the intervention of 
@ short-lived chlorodifiuoroacetyl radical. 

This work has now been extended to two more 
fluorinated ketones, 1:1:3:3 tetrachlorodifiuoro- 
acetone and 1:1:3 trichlorotrifluoroacetone, and 
once again no trace of products which could arise from 
reactions of hal acetyl radicals was found 
among the trees eae It is assumed that 
either the primary act is dissociation into two radicals 
and a molecule of carbon monoxide or else the 
life-time of the halogénated acetyl radical formed is 
very short. . 


ay fame 
CF ,OICOCOL,F — .CF,Cl -+ .CCI,F + CO 


CFCI,COCOL,F ae 2.COl,F + CO 


The ultra-violet absorption spectra are similar to 
that of 1 : $ dichlorotetrafinorcacetone. 


(Trichlorotriftuoroacetane Amex, 2050-8050 A. emax.58 
Tetrachlorodifiuoroacetone Amex, 2000-8050 A. emax48) 


The photolysis products of 1:1:3:38 tetra- 
chlorodiflucroacetone have been shown to contain 
1:1:2: 2 tetrachlorodifiuoroethane, which arises by 
the combination of the two dichloroflucrome! 
radicals. ; ets 

The photolysis productae of 1:1:3 trichlarotri- 
flucroacetone, an the other hand, were shown to con- 
tain three different halogenated ethanes arising from 
combinations of the two different radicals formed in 

2.0F,Cl + CF ,OICF CUR ,B,) 
.CF,CI + .CC1,F — CF,CICCI,F (R,R,) (3) 
2.CC1,F — CCI,FCCLE(R,R,) (3) 

As in the case of 1 : 8 dichlorotetraflucroacetone it 
has been found that the radicals produced in the 

i act are capable of abstracting chlorine atoms 

tha Gabhiotalyeed ketone to vidd the “corre: 
sponding halogenated methanes. 
-OC1,F + CCI,FCOCCI,F + COLF + .COIFCOCCI,F 


.CCI,F + CCl,FOOOF,Cl > CCI,F + 
[.COIFCOCF ,Ol or CC1,FOOCF}] 


.CF,Cl + CCl,FOOOF,Cl > COLF, + 
fa SComcoGE cl or CCl, FOOOR;] 


With 1:1:8:8 tetrachlorodifiuorcacetane the pro- 
ducta of this secondary reaction are trichlorofiuoro- 


(1) 
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methane and a halogenated acetonyl radical, which 
can undergo further combination reactions. 

The reactions of chlorine abstraction 
are much more complex in the'cese of 1:1: 38 tri- 
chlorotrifiucroacetone, for. the two dissimilar radicals 
produced may each abstract chlorine from either 
end of the halogenated, acetone -to give dichlorodi- 
ftucromethane (R,Cl), trichloroflucromethane (2,O1) 
and two isomeric halogenated acetonyl radicals. The 
further reactions of these radioals lead to the forma- 
tion of a complex mixture of halogenated ketones, 
propanes and butanes, most of them too imvolatile 
to be identified with the present analytical pro- 
cedure. One of the propanes, l : 3 dichlorohexafiuoro- 
propane, however, was sufficiently volatile to be 
isolated and identified by a combimation of gas 


chromatography and mass etry. It has 
already been identifed among the photolysis products 
of 1:38 dichlorotetrafla . The mechanism 


of ita formation is uncertain, but it may arise either 
as a product of the combination of diflucrochloro- 
methyl and tetraflucrochloroethy! radicals or through 
the intervention of a CF, radical. 

Trotman-Dickenson‘ has pointed out that even 
when two radicals R, and R, are very dissimilar the 
ratio of their product is such that : 


[RRs] 
(RR JRR, 


where R,R,, RR, and R,R, are the produots of 
reaction. 

When 1:1: 3 trifluorotrichloroacetone was photo- 
lysed in the gas phase the proportions of the three 
halogenated ethanes formed were such that this ratio 
was 1-9. 

The irradiation with light from a high-pressure 


= 3-0 


however, in the formation of the three 
halogenated ethanes in proportions such that : 
a [R.R] 
(RR JRE, 


This result is explained on the assumption that 


= 2-8 


the- two unlike radicals are formed within a ‘cage’ s“ 


of unphotolysed ketone molecules which restrict 
their free diffusion apart. This concept of the ‘solvent 
cage’ was -first put forward by Franck and Rabino- 
witoh' and has usually been invoked to explain low 
quantum yields on the basis of recombination within 
a cage. This work has been extended by Lampe and 
Noyes’, who studied the recombination of iodine 
atoms. The kinetios of photolysis of these three 
ketones provide direct evidence for the existence of 
such an effect. In the photolysis of 1 : 1 : 8 trichlaro- 


chlorme from the unphotolysed ketone. Thus the 
ketone provides both a physical and a chemical 
cage. The effect of chlorine abstraction is reduced 
if the ketone is diluted with’ a solvent from which no 
abstraction can take place. Thus when the ketone is 
mixed with en equal volume of perfiuoro-2-ethyl- 
cyclohexane and photolysed, the proportions of 
halogenated ethanes are such that : 
[RB] 
((2.2,)[2 2.) 
The effect of the chemical cage is demonstrated by 
the addition of 1: 1:3:3 tetrachlorodifiucroacetone, 


m22 
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which, providing more dichloroflucromethy] radicals, 
should lower the ratio. In fact, because of the greater 
efficiency of the symmetrical ketone as a radical 
scavenger, the ratio of halogenated ethanes produced 
is such that : 


RR] č 
(RR RR] 


The effect of the physical cage is demonstrated by 
the use of perfluorocyolchexane as a solvent. Solutions 
of 1:1:8 trichlorotriftucrcacetone in this solvent 
have a high viscosity and, when photolysed, smaller 
amounts of the symmetrical ethanes are formed so 
that : 


3-9 


ee) a8 
([2,2,)[2.8,])*" 
These resulta are supported by studieg of the photo- 
lysis of mixtures of 1:8 dichlorotetraflucroacetone 
and 1:1:3:8 tetrachlorodifluoroacetone in the 
liquid phase, the situation is oomplicated 
by the fact that the rates of production of radicals 


unrymmetri 

, prolonged photolysis the ratio gradually rose to 0-4. 
When the mixture was diluted with perfluoroethyl- 
cyclohexane the ratio rose to a value of unity. In 
these cases it is the like radicals which are confined 
to the cage, thus reducing the amount of unsymmetri- 
cal ethane formed. If the assumption is made that, 
in the liquid phase, once a radioal has escaped from 
the cage its combination reactions are governed by 
stetistioal factors alone, then an estimate of the 
proportion of the radicals escaping from the cage 
may be made. Thus if the number of radioals involved 
in the formation of the unsymmetrical ethane 
[R,R,’] (1:1: 2 trichlorotrifluorcethane) outside the 
cage is calculated from the equatian : 

[B,R,] = 2.((B BIRR)" 

and this is added to the number required to produce 
the two symmetrical ethanes R,R, and R,R, and the 
methanes 2,Cl and R,Cl, this sum is the total number 

` of radicals reacting outside the cage. The number 


to produce the Sein formed outside the cage. 
That is: 

[RR HER] or [RR AR R]RR] 
Thus the percentage of radicals escaping from the 
cage is given by : 

[RCI] + 3RR] + IRR JRRD 99 
[ROl] + 2[R,R,] + [RR] 
and 
[Rel] + ARR] + ARB RY" 
[2,0l] + 9[2.R,) + [BR] 
The values quoted below are in good agreement with 
theoretical expectations and show that for two 


similar radicals the combination of which is not 
diffasion-controlled a direct measure of the efficiency 


100 


of a solvent cage may be made. 
Solvent Percentage R, Percentage A, 
* " elvaping 
1:1:3 Triohlorotriftuoroecetone 91 89 
80 as 
1.1:8:3 Tetrechlorodifincrcecctane 68 76 
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A complete account of the kinetics of the photolysis 
of these three ketones is published elsewhere. 


1 Bowles, E. ‚H. J.B, Pa „0. B, 
la od Ga Majer, J. R., and Patrick, O. B., Vetere, 


"A ron Boe ene Steacie, H. W. EB., Proc, Roy. Soc., A, SH, 


* Davis, N., Chem. Revs., 40, 201 (1047). 

*Trotman-Drokenson, á. F., Afm. Rep. Chem. Boc., E5, 39 (1950). 
* Franck, J., and Rabinowiteh, H., Trans. Farad, Soc., 30, 120 (1084). 
“Tarpe F. W., and Noyes, B. M., J. Amer. Chem. Soc., 76, 2140 


Photochemical Formation and Stability 
of the CF, Radical 


Tax years ago, Barrow and co-workers observed 
the ultra-violet absorption bands due to the OF, 
radical, produced during an electrical discharge 
through fluorocarbon vapour, and commented on ita 
probable stability’... Using high-intensity flash 
photolysis techniques, we have been able to photo- 
graph the transient formation and slow decay of the 
same absorption bands produced from some halo- 
genated ketones. Under our experimental conditions, 
the strongest absorption bands oan be detected as 
long as 20 msec. after the photolysis flash, oonfirm- 
ing the great stability’of CF, as campared with rte 
analogue OH, (ref. 2). 

The ketones, which imelnded sym-tetrafluoroc- 
dichloro-acetone, and 1: 1] ; 3-trichloro-trifluoro-ace- 
tone, were photolysed in the vapour phase with the 
full radiation from a silica discharge lamp; the 
addition of excess nitrogen engured the maintenance 
of isothermal conditions. The manner in which OF, 
radicals could arise in these systems is intriguing, 
since OF, formation would not have been anticipated 
by analogy with hydrogenated ketones. Certainty, 
the primary process : 

R,COR, +hv > R, +CO+R, 


occurs, since all the possible ethanes were detected 
by vapour phase chromatography and mass-spectro- 
metric analysis of the reaction mixture following 
flash photolysis. However, the simultaneous oocur- 
rance of alternative primary steps, of the type : 
CF ,CICOCF,Cl + Ay + CF,CICOCF,- + Ol- 

substituted acetonyl radicals, has been 
verified by mtroducmg oxygen as the coolant gas; 
with each ketone the well-known absorption bands of 
CIO. were detected immediately following the flesh, 
confirming the primary production of Cl- atoms. 
(The formation of ClO: via substituted methyl radicals 
may be discounted, since it has been observed that the 
flash photolysis of brominated chloromethanes in the 
presence of oxygen gives rise to BrO-, but not ClO., 
redicals*.) It may be anticipated that the acetonyl 
radicals would be unstable, dissociating as : 

CF ,CICOCF,- > CF,Cl- + CO + CF, 

thus accountmg for the production of CF,. In this 
respect, it is significant that no di-acetanyl has been. 
detected, among the reaction products. Further- 
more, in view of the evident stability of CF, it is 
not unreasonable to suppose that the perfluoro- 
ketone molecule would rapidly dissociate. 
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Prelminary measurements on the decay of the 
CF, abeorption suggest that it 18 zero order, supporting 
Barrow’s ion that CF, radicals are removed by 
diffusion to the walls of the reaction vessel!. The 
gradual appearance of a permanent continuous back- 
ground absorption after several flashes points to the 
acoumulation of a polymerio layer of (CF,), on the 
reaction vessel windows. No tetra-fluoro-ethylene 
or volatile CF,-telomers could be detected among 
the reaction products, and rt would appear that OF, 
is extremely unreactive (compare the marked unre- 
aotivity of NF, aa com with NH,). 

A faller account of this and related work in 
progress will be published at a later date. 

We wish to thank Dr. J. R. Majer for the vapour 
phase chromatography and mass-spectrometrio analy- 
sea, and Prof. J. C. Robb for his interest in, and 
encouragement of, this work. A. J. Y. thanks the 
Depertment of Scientific and Industrial Research for 
a maintenance award, and J. P. S. thanks the Univer- 
erty of Birmingham for the award of an Imperial 
Chemical Industries fellowship. 


J. P. Sucons 
A. J. Yarwoop 
Chemistry Department, 
University of Birmingham, 
Birmingham, 15. 


1 Laird, Andrews and Barrow, Trens. Feared. Soc , 48, 808 (1950). 
à Herzberg and Shoosmith, Nature, 188, 1801 (1050). 


. * Zeelenberg, Nature, 181, 42 (1958). 


Dependence on Temperature of the Electrical 
Resistivity of Thermosetting Polymers 


To-pay’s great usage of thermosetting polymers 
has served to emphasize the lack of fundamental data 
on the electrical and physical properties of these 
materials. With the exception of the data published 
by ust, there is abmost none available on 
the dependence on temperature of the electrical 
volume resistivity and on the activation energy for 
the electrical conduction process, We, in cross-linked 


polymers. Data of this type are of great importance 


not only in technological applications but also in the 
study of the physios and chemistry of these polymers. 
For example, it has recently been shown! that the 
dependence on of the resistivity is a 
convenient mdex of the extent of polymerization. 
Also, recent work has shown. that electrical resistivity 
measurements can be successfully employed in the 
study of the reactions and the determmation of the 
extent of polymerization of composite solid J- 
lants*. These experimental techniques can evien 
be used to investigate the properties of organio semi- 
conductors. It is the p of this communication 
to indicate briefly how these measurements can be 
accurately and rapidly made and to present typical 
resulta. 


A continuous current monitoring devioce* is used to 
determine the dependence on temperature of the 
reaistivity of the polymer. This mstrument consiste 
of a Keithley model 210 electrometer, a Keithley 
model 2008 decade shunt and a oell. The cell consiste 
of two brass parallel plate electrodes separated by 
two small polytetraflucrcethylene spacers. With 
this instrumentation rt is poasible to monitor oon- 
tinuously the large change in resistivity (10¢-107* 
ohm.-om.) which may occur on heating a polymer. 
To assure optimum electrical contact, the liquid 
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polymer is -polymerized directly to the electrodes 
ch are encapsulated by the polymer. The depen- 
hn ri eee of the resistivity of the oam- 
pletely polymerized sample is determined by monitor- 
ing the reaistivity and the temperature of the sam le 
as it is heated at a rate of about 15° O. per 
Measurements are made at a fleld-strength of abaut 
200 Y. per om. 

Polymers considered in this communication are 
typical of the thermosetting types in use. The 
epoxide was ‘Epon 828’ ‘(Shell Chemical Co.), a 
reaction product of 2 moles of epichlorobydrin and 
1 mole of bts(4-hydroxyphemyl) dimethylmethane’, 
and had an epoxide value of 0-54 per 100 gm. It was 
polymerized with 59-5 per cent of dodecenyl succmic 
anhydride. The polyester was ‘Paraplex P-43' 
(Rohm and Haas Co.), which ia reported to consist of 
80 per cent styrene and 70 per cent of a linear con- 
densation polymer of maleic and phthalic acids with 
propylene glycol. This was polymerized using 1 
per oent methyl ethyl ketone peroxide as a catalyst. 
The potysulphide-epoxide copolymer was a 50:50 
mixture of a mercepten terminated saturated elasto- 
mer and ‘Epon 828’. The polysulphide was a reaction 
product of 6ts(%-chloroesthyl) formal and sodium 
polysulphide’. Diethylamimopropylamime at a oon- 
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centration of 8 per oent was used as a hardener. The 
polyurethane was a reaction product of a polyester 
glycol and 2,4-tolylene diisocyanate which is croes- 
linked with 40 per cent castor oil. 

It will be noted in Fig. 1 that in three of the 
seks considered, the electrical volume resistivity, 


changes with the absolute temperature, T, m 
E ordinc. with tho genceal rolationehip: 


P = po exp[Ho/RT] 


where pẹ is a temperature-independent constant, 
R is the gas constant in cal.jdeg. mole, and Ee is 
the activation energy for the electrical conduction 
process. This activation energy was found to be 
70 koeal./mole for the epoxide + dodecenyl succinic 
anhydride at begs nederdel below 54° C. and 48 
koal./mole above temperature. The change in 
the slope of the versus temperature plot 
at 54° C. oan be attributed to a glaas transition within 
the polymer‘. For the polyester polymer, Wo was 
46 koal./mole and for the polysulphide-epoxide 
copolymer 24 keal.fmole. A nonlinear temperature 
dependence of the resistivity is exhibited by the 
polyurethanes which may be due to the internal plasti- 
cization of this polymer, probably by the exces 
castor oil. 

eye rea y eeu renee re ee shown 
in Fig. 1 have the maximum slopes 
obtained for these polymers. These plots, therefore, 
represent the greatest: extent of polymerization 
possible. 
` Tt has been previously shown! that durmg poly- 
merization the dependence an temperature the 
resistivity increases as a function of the extent of 
polymerization. Thus, the dependence on tem 
ture, or more conveniently Ec, is an index of the 
extent of polymerization. Prolonged heating at 
high temperatures or pyrolysis of these polymers will 
Tesult in ion, which is evidenced by a decrease 
in the slope of the resistivity versus temperature 
plot. It has been observed that thermosetting 
polymers generally exhibit a greater ee 
temperature and magnitude of the resistivi 
25° ©. than linear polymers. The pol: Ya 
epoxide copolymer is ee Ep AA 
tion. 

Work is contmuing in an effort to develop addi- 
tional data and to broaden the use of the continuous 
current monitoring device to relate fundamental 
electrical properties to the structure and physical 
Properties of 


technique, and a discussion of the nature of the 
electrical conduction process in polymers will be 
published at a later date. 


Naval Ordnance Laboratory, 
White Oak, Silver Spring, Maryland. 


eae ea and Petree, M. O., J. Polymer Sci., 37, 305 (1059). 

arfield and Petree, K Presented af the 186th 

Natonal Meeting of the in Austen T Getic, Atlantio 
City, New Jeney, September 15, 1050. 

* Warfield, B. W., J. Amer. Rooke Soc., 30 (1960). 

* Aukward, J. A, and Warfield, R. W., Rev. Set, Tastr., #7, 418 (1056). 

‘Teg Se K., “Epary Eens”, 173 (ioGraw-Hull, 


' Warñed, R. W., Soc .Piastice, Eng. J., 15, 625 (1050). 
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‘Enthalpy Titrations’ and Thermochemistry 
In Molten Salts 
AUTOMATIC instrumentation for ‘thermo- 
metric titration’ curves haa been d in recent 


pepers'.* from these laboratories, which represent the 
first report of æ continuous titration procedura 
successfully carried out in a molten salt solvent. This 
approach is capable of yielding a wealth of quantita- 
trve information on the chemistry of fused salta. 
Significant thermochemical resulta, mvolving the 
precipitation of silver halides and of silver chromate, 
are summarized in this communication. A typical 
titration curve (of chromate with silver), obtained 
under essentially adiabatic conditions, 1s illustrated 
in Fig. 1. Mothodologically this is a differential 
thermometric titration curve, because temperature 
has been recorded as a function of the amount of 
titrant. From æ phenomenological point of view, 
however, Fig. 1 represents an ‘enthalpy titration’, the 
shape of the curve reflecting the heat evolved in the 
reaction as a function of added silver. 

The following types of data can be inferred from a 
judicious interpretation of the titration curves: 
(a) The stoichiometry of the reaction occurring in the 
fused solvent, if concentrations of the reactants are 
known (the abscissa projection B’O’ representa a 
measure of the mole ratio of titrant to ‘titrate’ (Fig. 1) 
at the extrapolated end-point O). (b) The amount of 
reactant in a titrate of unknown concentration, 
provided the stoichiometry is known, and a standard 
solution. of titrant is used. (0) The heat of the titra- 
tion reaction, AH°, caloulated from the extrapolated 
change im temperature BB’. (d) The solubility 
product, Kyp, and the corresponding free energy of 
precipitation, AF° = RTInK,,, computed from the 
curvature in the vicinity of the end-point. (e) The 
entropy of the reaction, AS? = AH i Ideal 

thermodynamic were obtained, because 
effective reactant concentrations in the titration call 
were maintained in a range between 10~ and 10-* 
molal, where heste of dilution were found to be 
negligible. The change in temperature, BB’, in a 
titration was of the order of 0:01-0-5° C., at mean 
temperatures of 500-800° K. The corresponding 
“variability of the thermodynamic functions is 
Pcl ylelding virtually isothermal enthalpies, 

free energies; and entropies, corresponding to the 

‘median temperature’ of the titration curve, T 

(Fig. 1). The change in temperature during the 
titration was monitored im tho titrated melt by 
means of a thermistor bridge having a sensitivity 
threshold of 0-0008° O. Random temperature 
fluctuations were minimized to +0-0005° O. with the 
aid of a special adiabatic titration cell m a super- 
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to start of tttraion; B, start of t 
Or0,—: CD, excess reagent line ; 
natant argon atmosphere. The titrant was delivered 
oe control, via a motor-driven syrmge-burette. 
and titrate were dissolved m identical fused 
salt solvents’. 

A representative set of resulta is shown in Table 1. 
As 18 evident from column 3, thermometrio titrations 
are applicable to quantitative volumetric analysis 
with a precision and accuracy of the order of 2 per 
cent, at concentration-levels as low as 10> molal. 
Extensive applications are anticipated to the determ- 
metion of halides and silver, in situ in molten salts 
at elevated temperatures. Of the thermodynamic 
P the entropies offer interesting possibilities 

or direct qualitative ınterpretation as a measure of 
order—disorder situations. For example, the fact 
that the precipitation of silver chromate at 481° K. 
was virtually anentropic in a fused alkali nitrate 
solvent suggests that chromate existed in the melt 
as an associated ‘polychromate’ species. In contra- 


THERMOMETRIO TITRATIONS at 481° K.* 














Table 1. SYNOPSIS OF INTORMATION OBTAUDIED FROM 
Titrant: Biver nitrate 
t 
Rnd pomt 

Titrate comoan tration tryt 

Titrate (moloa/1,000 gm. (sHverjanion 
solvent melt) mole ratio) 

xa 9x10 to® x 10* 101 +004 aa 
KBr 1 x 10 tof x 10 0-296 + 0 03 Agt+Br- 
KI 3 x 10~ toft x 10° 0 900 + 0-08 Agt+I- 
K,0r0, 2 x 10*to 6 x 107 196 +0-08 2Agt +0r0,— 





* Solvent: 43-1 mole 
t Preoiston expressed fn terms of 
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i} ie hon ee processes mdicated in colmmn 4 


Data from ref. 3. 
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distinction, the entropy of precipitation of silver 
halides was normal, that is, corresponded to a lose 
of entropy upon precipitation, indicating that silver 
halide ions existed in the fused salt solution in s 
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RADIATION CHEMISTRY 


Chemical Effects of lonizing Radiations 
on Nucleic Acids and Nucleoproteins 


Rascar work! on the effecta of ionizing radiations 
€n nucleic acids (deoxyribonucleic and ribonucleic 
acids) in aqueous systems has shown quite clearly 
that the reactive species 


nucleic solutions (0-005 per cent) in the 
Presence of oxygen (1 atm.) were measured and 
found to be as follows (G = molecules/100 eV.) : 
G( — Athymine) = 0-33; Q(— 


Rupture of hydrogen bonds within the 
helix is a consequence of chemical in the 
ide chains; several hydrogen can 


Pe broken fol 

broken following a single 3 
The hyperchromic effect which is observed in the 

action of the radiations on nucleic acids in solutions 


of the purine and pyrimidine 

nucleic acid, and is due to the change from the 
hydrogen bonding of the bases within, the intact helix 
(where the bases of one strand are bonded to the 
bases of the complementary strand), to hydrogen 
bonding with water molecules when the latter have 
penetrated between the strands of the helix. 

The chemical nature of the reactions induced by 
irradiation of nnoleic acid has been studied in 
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some detail by investigating solutions of the- purine 
and bases and of the corresponding 
nucleosides and nucleotides. 

Since deoxyribonucleic acid is generally found in 


nucleoprotamines, 
Siena! to ts @ study of te Eea aA by 
irradiation in deoxyribonucleic acid when combined 
with protein in the nucleoproteins. 

Bs hie solutions of calf thymus nucleoprotein 
were pre from fresh calf thymus glanda by Doty 
and Zubay’s method" using a Dounce homogenizer. 
Solutions (~ 0-02 per cent) were saturated with 
oxygen (1 atm.) for 15 min. prior to irradiation. The 
uoleic acid used was kindly supplied by 
Prof. J. A. V. Butler. Calf thymus histone was 

obtained from the Mann Research Laboratories. 
< The irradiations were carried out with X-rays from 
a Victor ‘Maximar’ tube operating at 200 kV. 
and 15 m.amp. Solutions were irradiated in ‘Pyrex’ 
glass vessels of the type previously described’. The 
dove-rate as determined by the Fricke dosimeter was 
2,900 rads/min. pies 

Experiments wore carried out in which the 
individual base compositions, of irradiated and 
unirradiated nucleoprotein solutions were determined. 
For this purpose, samploa wore hydrolysed with 
formio acid and this was followed by chromatographic 


purines pyrimi 
clearly that up to doses of about 1:3-x 10* rads, the 
bases of the nucleic acid were not detectably attack- 
ed by the radiation. 

Another way of detecting any-chemioal modifica- 
tions of the nucleic acid component involves determ- 
penn A See ee O ee ee 
on hydrolysis at elevated temperatures’ ; 
rather a sensitive method, and has been iie 
employed in irradiations of solutions of deoxyribo- 
nucleic acid. Solutions of nucleoprotein were irra- 
diated, treated with catalase (to decompose hydrogen 
peroxide) and with chymotrypsin (to degrade protein) 
and then hydrolysed at 90° at pH 7-5. The rate of 
release of morganic phosphate was almost exactly 
the same in the radiated ss in the unirradiated blank 
solutions. This latter result would therefore confirm 
that in the intact toin no detectable attack 
on the polynucleotide, place. 

In contrast +o these findings, it was found that on 
Irradiation of solutions of synthetic mixtures of calf 


the deoxyribonucleic acid to some extent, 
from the fact that the free 
radicals produced by irradiation can distribute 

between. he nucleic acid and the 


We must conclude, therefore, that in the intact 
nuocleoprotem as isolated from calf thymus glands, 
the active species produced by irradiation are unable 
tp penetrate the protein sheath; apparently, up to 
doses as high as 10° rads practically all of them react 
with the protein and the deoxyribonucleic acid remains 
substantially undamaged. This chemical evidence is 
in agreement with the observation of Keafmann et 
al.* that irradiation of nucleoprotein did not appre- 
ciably alter the viscosity of the deoxyribonucleic acid 
component. 


4 
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of the nucleus during certain stages of the mitotic 


shed from the deoxy- 
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Electrostatic Measurement of the 

Geoelectric Effect in Coleoptiles 
Tx go-oalled geoelectrio potential, which develops 
between the upper and lower side of a plant when it 
is placed in a horizontal position, has been investi- 
gated by many workers! using different types of 
fluid electrodes which were applied directly to both 
aides of the plant. The original explanation of the 
cause of this potential given by Brauner* has lately 
proved to be unsatisfactory’ and a new theory was 
*, To test this theory it was necessary to 
carry out electric meagurements on plants during 
muoh longer periods of time than has been done 
earlier. This was possible by using electrodes some- 
what asimilar to those devised by k*. The results 
obtained by this method were'difficult to reproduce 
and differed generally from those reported by earlier 
workers. During extensive measurements on Avena 
coleoptiles, Pisum, Helianthus and Zea mays, it was 
found that the resulta are often strongly infiuenced 
by the direct-contact electrodes. Therefore, it was 
thought necessary to measure these potentials 
without touching the planta at all, and to this end 
an entirely new measuring technique was developed. 
This method makes use of. the vibrating reed 
principle’. A thin plane gold electrode, 5 mm. x 
10 mm, is placed at a distance of about 1 mm. 
from three to seven Avena or Zea mays coleoptiles 
placed in a row (see Fig. 1). Thuis electrode is carefully 
insulated and is vibrated at a frequency of about 
250 o./s.; it is earthed a resistance BR of 
10° ohms. If an electric field exists between the 
coleoptiles and the vibrating electrode, an alternating 
voltage will be generated across the resistance R. 
ee ee A N TE 
tubo- connected as a cathode follower, and 
aa ane selective frequency amplification dis- 
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ing Teed pela cirio polena Dy means of che 
measurement wi ia vibrating electrode A witout toushing the 


played on a cathode-ray tube screen. The other plate 
of the vibrating condenser is formed by the coleoptiles 
themselves. They are usually cut about 15 mm. from 
the apex and inserted into a ‘Plexiglas’ container P 
filed with tap water. With a mimiature calomel 
electrode!’ in contact with this water reservoir, the 
A emacs at will by 


coleoptiles O and the electrode B is zero. 

If, after this adjustment, -the apparatus is placed 
in & horizontal position and a gecelectric potential 
appears on the surface of the oo. an 4&.c. 
signal is generated again because of the electric field 
due to this potential. By varying the voltage V, 
this signal can be reduced to zero again, the variation 
of V being roughly equal to the potential developed 
by the coleoptiles. Measuring this potential with the 
electrode H above and below ihe plants and applying 
a correction factor for the geometry of the coleoptiles, 
the true gecelectric potential can be found. 

The resulta of such measurements, the reproduci- 
bility of which is definitely superior to the conven- 
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tional method, are shown in Fig. 2. The measure- 
menta have been. made on stiolated Avena and Zea 
mays coleoptiles im the dark. Contrary to previous 
results, the geocelectric «voltage does -nob appear 
until 15 min. after tilting the plants into a horizontal 
position. This has been -oborated with Avena, 
Pisum and Zea mays by our extensive 
with the conventional method usmg electrodes 
similar to the Clark type’. Further, the 
of the voltage is greater than that reported the 
majority of previous authors. A more detailed 
description of the method and resulte with different 
plant materiala will be published elsewhere. 

I thank Prof. H. Burström, of the Botanical 
Laboratory, Lund, for his encouragement and advice. 
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Screw Sense of the:a-Helix in 
Poly-f-benzyl-L-aspartate 

Blout and Karlson! have reported that the constant 
b, in Moffitt’s tion for the dispersion of optical 
rotation? has up to + 680° for solutions of- 
poly-f-benzyl-t-aspartate in chloroform; the usual 
value for solutions containing a-helices of polypep- 
tides is about — 600°, and corresponds to right-handed 
helices’. We have studied the dispersion of a number 
of ogpolymers of f-benzyl-z-aspartate with other 
amino-acids, and believe that the results demonstrate 
that the positive b, found for poly-6-benzyl-1-aspar- 
tate is due to a left-handed helix and not to an 
optical anomaly. 

If we plot b, against composition for a eae of 
random oopolymers of 6- T sree 
y-benzyl-L-glutamate, we find that ough ne 
values of b, for the two simple Toyo are almost 
equal (though of opposite sign) the ourve is very far 
from symmetrical. Eight mole per cent of L-giuta- 
mate is sufficient to reduce b, to xero‘, and more than 
85 oent of the total change in b, is produced by the 
‘addition of 15 mole per cent of L-glutamate; the 
effect of r-alanine residues is similar. These results 
are best explained by the hypothesis that the two 
simple polymers form a-helices of opposite screw 
senses, and that the preference of the L-aspartate 
residues for a left-hand helix is much leas marked 
than that of the 1-glutamate residues for a right-hand 
helix, so that comparatively few of the latter can 
dictate the sense. To explain these results on the 
basis of an optical anomaly we would have to postulate 
that this anomaly depends on long unbroken sequences 
of L-aspartate residues. However, other experiments 
show that the sequences of L-aspartate residues may 


ae 
pn 
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be mterrupted by either p-glutamate or D-aspartate 
residues with very little effect on b,. 


Thege conclusions are confirmed by E E 


on a number of other copolymers, both random and 
block, and by building molecular models. A full 
be published elsewhere. 
E. M. Brappury 
A. R. Down 
A. Exasorr 
: W. E. HANBY 
Courtaulds, Ltd., Research Laboratory, - 
Maidenhead, Berks. March 4. 
* Bloat B. B, and Karken, B, J. Amer. Chem. Soo. 
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donn a Chem. Phys., 85, 407 (1058); Proc, U.S. Wat. Acad, 
eee ‘as, Ho (1956). 
For crample, omit, W., and Yang, J. T., Proo, U.S. Wet. Acad, 


Bamford, 0. Ballara, D. Q- H- aùd Elot, A. 
aa tg H akromol. 


Isolation and Probable Functions of Betaine 
Esters in Brajn Metabolism 

Ix previous work, Hosein! reported that y-butyro- 
betaine was found ‘in extrdbta made from bram 
tissue of rata in convulsions. which had been induced 
by intraperitoneal injections of garebral. convulsants. 
We have now found that fractionation of the gold 
precipitate formed from eluates of;the chromato- 
grams made from-these extracta by the procedure of 
Linneweh* enables the identification! “df two other 
betaines. The melting points of thë gold derivatives 
of the betaines obtajied in this mvestigation are 
shown in Table 1 and compared with those obtained 
by Linneweh for synthetic betaines. 


Table 1. Mavrora PONTS oF GOLD DERIVATIVES OF VARIOUS BWTADTES 


Meling potat (mih decomponition) in dag. O 
, Botaino 








From these řesults we ,conclude that the brain 


„extracta frorn animals treated with cerebral convul- 


santa contained free y-batyrobetaine, crotonbetame 
and carhitine. 

Other work by Hosein’ has shown. that in normal 
brain extracts these betaines in the free form could 
not be detected. ` It- was shown that the ‘free’ or 
immediately extractable acetylcholme from aqueous 
brain extracts (supernatant A) contained acetyl- 
choline and propionylcholine, while the ‘bound’ 
fraction, released after chloroform treatment (super- 
natant B), contained, m addition to these choline 
eaters, & mixture of the coenzyme A ester derivatives 
of the betames mentioned above. These betaine 
esters were contained in a band of the chromatogram 
developed in the butanol/water system with an Er 
between 0-45 and 0:56. The chromatogram pattern 
obtained from the ‘bound’ acetylcholine fraction in 
brain was similar to that obtained by Bannister e al.‘, 
who used ox spleen. We have synthesized enzymatic- 
ally y-butyrobetame—coenzyme A, and this substance 
has an Ry of 0-55 in the butenol/water system. This 
thiol ester was found to posees acetylcholine-like 
properties similar to those obtained with qluates of 
the 0-45—0-56 band obtained from brain extracta. 
In both cases their physiological effecta are abolished 
by atropine. Accordingly, -ib sppeered from these 
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results that both the ‘free’ and ‘bound’ extractable 
acetylcholine from brain is not solely due to acetyl- 
cholme alone. The presence of the betame -coenzyme 
A esters exclusively m the ‘bound’ acetylcholine 
fraction may accordingly be of significance m bram 
metabolism. 

Other experiments by our group’.* and by others™.® 
have shown that ester derivatives of these betaines 
hsve acetylcholine-like properties, whereas the free 
(unesterified) betames are inactive. Previously, 
Hosein and McLennan’ described some pharmacol- 
ogical properties of the methyl ester of -butyro- 
betame. In that paper y-butyrobetaine was de- 
soribed as having these acetyicholine-like properties, 
but actually the methyl ester waa used ; this material 
was erroneously supplied to us aa y-butyrobetaine 
and accordingly it was used as such. Wet have found 
that the methyl, ethyl and choline esters of y-butyro- 


could also be concerned with convulsive activity in 
brain, while the presence: of the free betaines men- 
tioned above could have been due to ester hydrolysis 
either im vivo or during the extraction process. 

We have repeated our previous experiments, in 
which cerebral and spinal convulsante were injected 
intra: into rate, to determme whether 
betame esters could be detected in the supernatant A 
fraction of the bram suspensions of these treated 
animals. The convulsanta used were dieldrm, am- 
monium chloride, metrazol, picrotoxin, camphor and 
strychnine. In comparison experimenta, cerebral 
convulsions were produced by electroshock. As 
before, all animals were killed during the convulsions 
and untreated animals’ served as controls. Exam- 
ination of the chroma shown m Fig. 1 shows 
that, in addition to acetylcholine and propionyl- 
choline normally present in tant A, when 
brain extracta mado from animals treated with 
electro-ahock or when cerebral convulsante were used, 
there was a band at Ry 0-45-0-56, which contained 
the betame A esters. This was not 
observed when strychnine was used. In normal 
animals this band was only found in supernatant B, 
that is, the tissue residuo which bad been treated wrth 
chloroform’. The presence of the betaine esters in 
the supernatant A fraction suggests that they were 
releaged from ther normal cellular attachments by 
some action of the convulsive agents, and since they 
have been found to be indistinguishable from acetyl- 








Fig. 1. Release of Detaine eters (R7 O 46-0 66) In brain nae 
Fig. 2. Distribution of S enters In the cerebeliam and the 


cerebral cortex of normal rats 
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cholme on assay preparations, they may be concerned 
with the initiation of the convulsions. 

There are many indications that there may be 
several substances in brain other than acetylcholine 
which could have transmitter properties. The low 
cholme acetylase activity and concentration of 
acetylcholine in the cerebellum sre imdicative of 
this**. Results of paper chromatographic analysis 
of chloroform-treated extracts, supernatant B, of the 
cerebellum and of the cerebral cortex of normal rats 
(see Fig. 2), have shown that the cerebellum contains 
a higher concentration of these betaine coenzyme A 
that these betame coenzyme A derivatives may 
function as transmitter substances in the cerebellum 
and perhaps also in other regions of the brain. An 
evaluation of the Diysclogies) fE of the 
e A eae A oe y-butyrobetaime, 
crotonbetaine and carnitine is now in progress. 

This work was supported by a grant from the 
United States Public Health Service, Project B-1756, 
to which we expreas our appreciation. 
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Effect of Potassium C 
on the y-Aminobutyric 
the Brain 


Spverat substances, which affect brain metabolism, 
act upon the y-aminobutyric acid-level in that organ}. 
Insulm-induced hypoglycsamia brings about a drop 
in the y-aminobutyrio acid-Jevel, probably as a result 
of decreased glutamic acid oonocentration. The 
administration of some substances, known to inhibit 
glutamic acid decarboxylase, leads also to a drop in 
the level of y-aminobutyric acid in the bram. Thus, 
semicarbazide, an inhibitor combining with the alde- 
hyde group of pyridoxalphosphate, reduces the 
y-eminobutyric acid-level in the braia by approx- 
imately 80 per cent*; in a mmilar way, 2-methyl-4- 
ammo-5-oxymethylpyrimidine brings about a drop’. 
After the ethanol mgestion, however, the level of 
y-saninobutyric acid content in the brain was found 
to be increased!. 

Potassium cyanide is a substance which inhibits 
the activity of glutamic acid decarboxylase, as has 
been shown. by + vuro experiments by Wingo and 
Awapera'. This inspired me to follow the effect of 
cyanide poisoning on y-aminobutyric acid in the 
brain. 


ide Polsoning 
Acid-Level in 


Experiments were carried out on albino rate of 
Wistar B strain weighing 200-800 gm. Cyanide was 
administered intraperitoneally in the doses of 40 and 
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10 mgm./kgm. in 0-5 mL After the stage of convul- 
sions (1—4 min. following administration of potassium 
cyanide), the animals were decapitated. After 

ighing, the brain was homogenized in a homo- 
genizer according to Potter and ‘Elvehjem in 1 per 
cent picrio acid solution. The homogenate was 
centrifuged, and the picric acid removed òn a ‘Zerolith 


FF’ column. The brain extract thus treated was - 


placed on chromatography paper Whatman 1 and 
submitted to e oretic partition in pyridin- 
- acetate buffer at 26 V./om. Electrophoretic partition 
and quantitative determinations of y-amimobutyric 
acid and glutamic acid were made acoording to Wingo 
and Awapara', with the only difference that 0-5 per 
cent ninhydrin solution was prepared in aqueous 
acetone (90 ml. acetone + 10 ml. water), saturated 
with sodium carbonate. Optical density was measured 
on Zeis spectrophotometer at 570 my. 
Table 1 


batyrie acid 
Gagmjgm. of 
wet worght) 





808 (417-236) 


R44 (330-186) 


252 (341-180) 





As shown in Table 1, potassium cyanide poisoning 
causes a decrease of y-aminobutyric acid by 19-5 or 
17 per cent respectively. 

When calculated for the dry weight of the brain 
of the control animals and of those poisoned with 
potassium cyanide, the concentrations in per cent 
were the same as given in Table 1. 

After the administration of potassium cyanide the 
blood-level of y-aminobutyric acid did not rise. , 


Table 3 


1,855 
(1,750-2,250) 


(1,846-8,500) 


2,040 
(1,726-2,020) 





Table 3 illustrates the changes of glutamic acid 
concentration in the brain following poisoning with 
potassium cyanide. 

The decrease of concentration of y-aminobutyrio 
acid is probably due to inhibition of glutamic asid 
decarboxylase. This presumption is confirmed by 
the inhibition of glutamic acid decarboxylase in vitro, 
partly by a rise in glutamio acid concentration. In 
1 gm. of wet tissue, there is a rise of 1-5-2-0 ùM in 
glutamic acid concentration. There is a drop of 0-5- 
0-6 pM of y-aminobutyric acid concentration, 
meanwhile. - 

The activity of the mechanisms of y-aminobutyrio 
acid degradation tn viro (transamination and oxida- 
tion) is relatively low. On the other hand, the rate 
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at which changes in y-aminobutyric acid-levels occur, 
following poisoning with potassium cyanide, indicates 
that this compound is intensely metabolized in the 
brain tissue in viro. á 


Department of Biochemistry, 
Komensky’s University, 
Bratislava. 
1 Oravioto, B. O., Massieu, G., and Inquerdo, J., Proc. Soo. Eep. Biol. 
Med., 78, S56 (1961). 
* Wiltam, K. F., and Bain, J. A, J. Pharmacol., 119, 255 (1957). 
Bundi, G., and Ferrari, G., Natures, 183, 608 (1950). 
Hikkinen, H. ML, and Kulonen, H, Nature, 184, 726 (1960). 
Wingo, W. J., and Awapara, J., J. Biol. Chem., 187, 267 (1950). 
Tursky, T., and Bisik, E., Bratis, Lekér. Listy, 38, 404 (1066). 


T. TURSKÝ 


onan 


A New Method for the Differential 
Precipitation of Nucleic Acids from Aqueous 
Solutions 

Many metallic ions are capable of reacting with 
sodium nucleates in aqueous solutions.*. In these 
investigations, no attempt seems to have been made 
to differentiate between the reactivity of the two 

of nucleic soid. . 

+ has been found that the addition of an aqueous 
solution of indium chloride (InC1,) to acetate-buffered 
solutions of highty polymerized nucleic acids in the 
presence of sodium chloride results`in the formation 
of a precipitate containing indiim and nualeio seid. 
This reaction, which does not séemn to have been 


nucleic acid or ribonucleic acid from aqueous solutions. 
The itative precipitation of the two acids was 

carried out in a final volume of 5-0 ml. containing the 

following : 

according to Kay af al. 


. 8), 0'4 oni 14 M sodram chloride 0 
to Orestfheld of al, 


mL 

prepared 
Cal A, 1:0 pak enh in 0 14 M sofa cori 05 mL 
Aootate 0-4 M, pH 5-0 0-6 mL 
Distilled water 3 OmL 


Indum chloride, purbased from -Oe At acunoue Greahly 

taon of America, Ution, N.Y., 0-06 AM aqueous ( 2 
prepared) .- 0-5 mL 
After mixing of these componenta, the 
solution is allowed to stand for 30 mim. at room 
temperature and then centrifuged at 1,400g (Inter- 
national Laboratory Centrifuge) for 10 min. The 
supernatant solution contams only negligible quanti- 
ties of material absorbing ultra-violet light at 260- 
280 my. 

The optimal pH for the quantitative precipitation 
of the nucleic acids in the presence of 0:005 M 
indium chloride was established on the basis of 
experimental date shown in Fig. 1. In these experi- 
ments carried oub separately with either deoxyribo- 
nucleic acid, ribotucleio acid or protein, the pH of 
the acetate buffer was varied over the range 2:9-58. 
The extent of ipitation of either nucleic acid, and 
for comparison bovine serum albumin (purchased from 
the Nutritional Biochemicals Corp., Cleveland, Ohio), 
‘was measured by determining the optical density of 
the supernatant solution at 260 mp (nucleic acids) or 
280 a (protein). Resulta for deoxyribonucleic acid 
and albumin were reproducible from one preparation 
to another. Ribonucleic acid was dialysed i 
0-14 M sodium chloride at 4° O. for 48 hr. and if used 
immediately gave closely reproducible results. It 
should be emphasixed that’more than 95 per cent of 


: 


Fj fs 

` à 0-150 
E 

J 

& 0-050 





=, Deoxynbonnelels acid ; ———-—, ribon add ; 
S ....; albumin 
the-ribonuoleic acid in solution has been, optata 
even at pH 5-8. ~ 

It was found that, by increasing the sodium chloride 
concentration. to 4 M (other conditions remaining as 
described above), deoxyribonucleic acid remained m 
‘solution whereas ribonucleic acid under the same 
conditions was precipitated. Thus, after precipita- 
tion of ribonucleic acid- dt a final concentration of 
godium chloride of 4 M, deoxyribomncleio acid ramains 
in solution and, in tuin; can-be isolated by 
against buffered 0-14 Af, sodium chloride-followed by 
addition of indium chloride to the dialysed solution. 
The two nucleic acids’ can be separated from a mixture 
quantitatively by this procedure. 

This investigation, which was supported in part by 
a grant from the U.S. Atomic Energy Committee, 
will be reported elsewhere in detail, together with 
data on the isolation of pure nucleic acids from tissues. 


Wurm Q. ALDRIDGE* 


Division of Experimental Radiplogy and 
bt of Anatomy, 
University of para? School of Medicine 


E v m Now York. E 
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_ SHydroxytryptamine in Cerebrospinal 
Fluid .- 


AutnoucH the 5-hydroxytryptamine content of 
human cerebrospinal fluid, has been reported by 


Sachs: to increase after various head injuries or - 


cerebral tumours, there qppeara to be no other 
reference in the literature to-conditions resulting 
in an alteration in the content. While studying 
tuberculous meningitis in children, the opportunity 
arose for the cerebrospinal fluid to be tested for 
various amines inclu 5h 

The cerebrogpinal fluid -was withdrawn, from the 
patients using oqnventional methods, taking special 
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care nob to contaminate the samples- with blood. 
The fluid was then tested either directly or after 
acetone extraction on the rat fimdus preparation 
according to the method of Vane?. In 20 cases of 
tuberculqus meningitis, the range of 5-hydroxy- 
tryptamine value wes 0-2-3-0 pgm./ml., whereas 
in control children it was 0-03-0-1 pgm.jml. The 
more severe oases always showed high 5-hydroxy- 
tryptamine activity. Further, the clinical course of 
the disease closely followed the 5-hydroxytryptamine 
content of the gerebrospinal fluid. The significance 
of these findings is not yet olear. 


A. Axoasuv 
M. Axcasu 
8. B. Tomar 
Department of Pharmacology and, 
the Pediatric Clinic, 
University of Istanbul. 


1 Bachs, J. Newroowry., 14, 22 (1957). 
* Vane, Brit. J. Pharmacol., 18, 844 (1057). i 


Viscosity of Concentrated Urea-Lithium 
Bromide Solutions 


Ix the course of studies involving the physico- 
chemical characterization of a lytic enzyme 
from a strain of B. subtilis (NOVO enryme), viscosity 

concentrated 


ee ee a a 
and outflow times were measured at 
° in a modified Ostwald-viscameter. 

The resulte- obtained in simple aqueous solution, 
8 M uree and 7 M lithium bromide, are presented. m 
Table 1. The significance of these results, in so far as 
characterization of the ifio protein is concerned, 


. Of interest here are the outflow 
times found for the solvent, which is both 8 M with 
respect to urea and 7 M with respect to lithium 


- bromide. Even in the absence of protein the outflow 


tme for this solution is very great, as is shown in 
Table 1; the actual morement in outflow time 
above that found for water is approximately nine 
times greater than the sum of the individual inore- 
ments for 8 M urea and 7 M lithram bromide. The 
outflow time is strikingly dependent upon the concen- 
tration of the two solutes, for as shown in the last lme 
of Table 1, dilution of the solution by a factor of leas 
than 8 per cant diminishes the outflow time by more 
than one-third. At the higher concentrations of urea 
and lithium bromide, the addition of protem to 1 per 
cent further increases the outflow time by approxi- 
mately 150 sec. 


Table 1 








no. a734 July 23, 1960 a 


These results mdicate that when both urea and 
lithium bromide are present in high concentrations 
in a solution marked interactions occur, and further, 
that the contribution df the protein in mcreasing the 
outflow tme may be envisaged as arising from ita 
effect on the solvent, rather than from an effect of 
the solvent on the protem. One type of interaction 
that might be involved is the formation of complexes 
of the general formula LiBr.nCO(NH,), (ref. 1). 
Another type of interaction is suggested by the claim 
that in strong urea solutions chain-like molecules 
form and collect together to give fibrils’. Such chains 
would arise from lineer hydrogen-bonding, and the 
fibrils from lateral dipole-dipole interactions. On 
the basis of further experimental results, it was 
concluded that such fibrils are readily destroyed by 
tho addition of dihute acetic acid to the strong urea 
solutions’. When the concentrated ureatithium 
bromide solution employed here, however, was 
diluted with 1 M acetic acid rather than with water, 
to give a solution which is 7-4 M in urea and 6-5 M 
in lithium bromide (see last lime of Table 1), no 
reduction in outflow time beyond that recorded for 
the solution diluted with water was observed. 

Tf long fibrils do indeed form in 8 M uree solutions, 
their stability may be decidedly enhanced in the 
presence of concentrated lithium bromide by a mech- 
anism (depression of the thermodynamic activity of 
water) similar to that oged? for the stabilization 
by lithium bromide of hydrogen-bonding in proteins. 

e Jf such & mechanism were operative, then the marked 
reduction in outflow time effected by dilution, as 
reported above, must arise from an inability of the 
long chains to form as readily in 7-4 M uree as in 
8 M urea, rather than from the small difference in 
the activity of water in the two solutions. 

This work was carried out at the Carlsberg Labora- 
tory during the tenure of a National Science Founda- 
tion Benior Post-doctoral Fellowship. 

Ienva I. Gasaawinp* 


* Permanent address: Hormone Researoh Laboratory, Univernty 

of Oallfornia, Berkeley 4, Oaltfornia. 

1 MoGe: W. G., Bryant, J. AL, and Wendlandt, W. W., Solencs, 
193, 807 (1056). 

* Clark, R. E. D., Nature, 151, 042 (1048). 

ano J. å., O.R. Lab. Carlsberg, Bér. 
chun, 30, 167 (1057). 


An Inverse Relation between the Liver 
Glycogen and the Blood Glucose in the 
Rat adapted to a Fat Diet 

Tea discovery by Claude Bernard! of the role of 
the liver glyoogen in maintaining the blood sugar is 
well known. The liver was observed by Soskin et al.* 
to remove glucose from the blood when there was 
hyperglycemia and to add it to the blood during 
hypoglycsamia. Later, the rate of uptake or output 
~ of glucose was shown to be directly proportional to 
the degree of the hyper- or hypo-glycamia’. Recently 
an enzymic mass-action mechaniam dependent on the 
effective intracellular concentration of hepatic glucose- 
6-phosphate haa been put forward‘ to explain this 
regulation (the liver cells being freely permeable to 
glucose). However, while this mechanism may 
(o) te in animals adapted to the metabolism of 
y SEE thee Riel - epee E e A 
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Table 1. QUAETITY oF LIVER GLYOOGEN AND LEVEL oF BLOOD 
GLUCOSE Of Rats STaRYED FOR 24 HE. THEM FED ON VARIOUS 
AMOUNTS OF BUTTER-FAT FOR FIVE DAYS. 














(7) (10) 





55-1 38 6 
£64 40 
Ho 











Values are the mean results + the 8.2%. Tbe number of animals 
abown m parentheses. i 


laboratory have shown that in the rat adapted to a 
fat diet, the relationship between the liver glycogen 


- and the blood glucose as outlined above is no longer 


evident. 

Female albino rata (200 gm.), fasted for 34 hr. to 
reduce the liver glycogen to negligible amounts, were 
fed with 2, 4, 5 or 6 gm. of butter-fat per day. 
After five days on this diet, blood was taken from the 
tail for estimation of glucose’, the animals were killed, 
and their liver glycogen content determined. The 
experimental procedures are described in greater 
detail in a previous publication’. The results (Table 
1) show that the liver glycogen content rose propor- 
tionately to the quantity of fat fed per day (P < 
0-001), confirming previous- results". On the other 
hand, as the daily intake of fat was increased so the 
blood ghuoose-level fell (P = 0-001-0 01), establishing 
an inverse relationship between the liver g 
content and the blood glucose concentration (P = 
0:0010 -01). 

When the female rat, weighing 200 gm., is con- 
suming 6 gm. of fat per day, the calorie requirement 
is satisfied and ketogenesis becomes reduced or 
absent*. The tissues must have become adapted to 
utilize an all-fat substrate, together with a small 
amount of endogenous protein. In view of the 
accumulation of liver glycogen, it ia possible that one 


the blood for‘transport to the tissues. However, 
since Soskin and Levine’ have demonstrated that 
glucose uptake by the tissues varies directly with the 
blood sugar odnoentration, the foregoing explanation 
receives little support from the present observation 
of a marked hypoglyommia, indicating that glucose 
utilization in the fat-adapted rat ig much reduced. 
Increased insulin secretion wotld enhance glucose 
utilization in hypoglyommia, but it is generally held 
to be low under conditions of carbohydrate depriva- 
tion‘. Therefore, there is apparently no large-scale 
conversion of fatty acids to glucose involving transport 
of the glucose by the blood. The accumulation of 
liver glyoogen can be accounted for satisfactorily by 
gluconeogenesis from endogenous protein and by tho 
glycerol moiety of the fat molecule. 

A more likely explanation of the mechanism of 
adaptation is that carbohydrate formed from non- 
saa sigs sources is spared as cataboliam of fat 
as a is Increased, ing the liver 
content to rise. The Tba for mam E 
normal blood glucose-level may become lees active 
due to relative disuse of glucose by the tissues, thus 
allowing hypogtyosmmia to develop. ‘The condition 
may be compared to that prevailing in the normal 
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ruminant, in which a low blood sugar-level may be 
attributed to relative disuse of glucose as a fuel 
because of its replacement, or partial replacement, by 
the volatile fatty acids produced in ruminant diges- 
tion. Apparently, even in the non-rumimant animal, 
provided there is a suitable period of adaptation, 
brain, tissue is able to survive in the presence of a 


' very low blood sugar-level (several resulte as low as 


a 


25 mgm. per 100 ml. have been observed in these 
experiments). 

It is clear that hypoglycmmia does not always 
stimulate glyoogenolysis. if the he ape of the 
blood sugar in the normal animal depends on an 
enzyroic maas-action mechanism, then under oon- 
ditions of fat adaptation where an inverse relation 
between, liver glycogen and blood sugar concentration 


prevails, there must be a metabolio block in the ` 


conversion of glyoogen to glucose in the liver. The 


glycogen storage (von Gierke’s) disease, in 
which there is a deficiency of glucose-6-phosphatase’, 
P. A. Mayas 


Division of Biochemistry, 
Department of Physiology, ` 


| Bernard, O., O.R. Acad. Soi., Pars, ‘41, in dai 


* Boaktn, 8., img E a F., and Mam, F. O., Amer, 

’ Eba, oy” , Biriek, H., and Witten, T. A., J. Olin, Inessi., 85, 1139 

‘Cahill, G. F., Ashmore, J.; Renold, A. M, and Hastings, A. B., 
Amer, J. Med., $4, 264 (1050), 

*Somogyl, ML, J. Ihol, Ohem., 160, 61 (1945). 
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*Soakin, 8, and Levine, R., “Carbohydrate Metabolism”, 187 
(University of Chicago ). 


Pterin Synthesis In the Amphibian 


eural Crest Cell 


A wanes amount of fluorescent substances of 
pterm type has been known to exist m the coloured 
skin of amphibians and they were shown to accumu- 


to accelerate the i vitro formation of Dopa-melanin*®.‘. 


These facts suggest an intimate relation between the - 


pterins and pigment formation in chromatophores. 
To analyze such a relation, it is desirable to know 


oor Pterins were 
nce Gia ea L od cower cite the 
following solvents: n- ol/1 per cent ammonia 
(2:1), n-butanol/acetic, _ acid/water (4:1:1) and 
‘S per oent acetio acid. ~ 

Pterin Fractions in the Middle Neurula and Larva. 


Sa at in the -trank area. 30 intact middle 
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neurule of Hynobius nigrescens (a salamander, Usui 
and Hamasaki’s table, stage 17°), 50 intact middle 
neurule of Triturus pyrrhogaster (a newt, Okada and 
Ichikawa’s table, stage 18°), trunk skins of 15 
Hynobius larvæ at fore-limb-bud stage ( 41-43), 
and 15 intact Triturus larvm at fore-limb- stage 
(stage 37-88) were tested. Pterings were not found 
in the intact embryos at the middle neurula stage of 
either species, so naturally they were absent from the 


and pS ale Nook dain nae i agin Lo acid 


Holtfreter’s saline solution was used in order . 
to avoid the additional complicating influences on 


stage 

developed in the trunk region of the intact larvæ of 
the same breed (Hynobius, stage 41-48, 8 days at about 
22°; Triturus, stage 37-88, 14 days at about 16°). 
18-80 explants were used in each 

Whereas the explant with a neural crest had well- 
developed melanophores and xanthophores as in the 
intact embryos, the control epidermal explant was 


and 2-amino-4-hydroxypteridine-6-carboxylio 
were plentiful in both Hynobius and Triturwes 
explants. Biopterim and tsoxanthopterin were in 
much greater amount in Hynobius, and 2-amimo-4 
hydroxypteridine was abundant in Trtturus. There 
quantitative relations of pterins in each explant were 
quite comparable with those found in intact larve 
OF tho reepestivo spec 
onging Arop. Oitura of Trink Neral Orok. The 
pigmentation of chromatophores has been shown to 
influenced by the surrounding epidermis m the 
field of experimental embryology. The ih seed of 
pterins in an explant, then, might be realized by the 
co-operation of epidermis, not by the Po cae 
cell itself. The fact that the epidermis had an indis- 
penseble role in the pierin formation was demon: 
strated it the following experiment. A small 
ment of trunk néural crest of Hynobius middle n 
(stage 17) was cultured in Holtfreter’s solution for 
8-11 days at about 25° (stage 41-43 in controls). 
The melanophores and xanthophores in the explant 
showed Irtile retardation as to the stage of pigmenta- 
a but many of these pigmented pony 
with those of the intact embryo. All kinds of 
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fluorescent substances found in the intact larva at 
that stage were detected in these explants, although 
no quantitative results were o 

These results indicated clearly that the fluorescent 
aberen af pain type FOGA an the niest laren 
of Hynobius and Trituwrus were synthesized in the 
pro-pigment cells in the process of their differentiation. 
This may strongly suggest that the simultaneous 
appearance of the pigmentation and pterins during 
the ore differentiation is an expression of 
the inseparable relation of the two. However, this 
does not necessarily mean that all pterins found in 
ee ee se a 

igmentation. In fact, a very small but 
ieee a amount of fluorescent substances of pterm 
type is found usually in larval and adult tissues other 
than skin. Whether these small quantities of pterms 
are derived from pigment ocells, or synthesized +m situ, 
or even supplied by way of nutrition, remains to be 
settled. 


We wish to thank Prof. Adrien Albert of the 
Australian National University for his sasistance in 
the preparation of this manuscript. 

Tapao Hama 
Masataka OBIKA 
Biological Laboratory, 
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Effect of Cortisone on Degenerating Nerve 
Fibres in Birds 


Tus observation that the usual appearance of the 
S Sc ibe sie pe aie ee degeneration 

in experimental material is ly altered by cor- 
tisone acetate (Pfizer, Ltd.) led us to try to discover 
whether cortisone would also alter in any way the 
effects of triorthocresy] phosphate poisoning, which are 
usually most apparent in the myelin sheaths of nerve 
fibres. Our results so far seam encouraging. A single 
application of 1 phosphate painted on 
the combs of hens (the dose being 0-1 o.c. per kgm. 
body-weight) invariably causes symptoms of 
mtoxication and paralysis in the legs after 8-25 days’. 
The administration of 25 mgm. of cortisone by mouth 
three days before the application of triorthocresyl 
Bnei? and further doses of 25 mgm. every third 

y thereafter in all cases prevented the onset of 
peralysis and reduced the other general symptoms. 
Even, if the administration of cortisone was delayed 
until the hens were severely stricken by the poison, 
ita beneficial effects were still apparent, for the 
general condition of the birds rapidly improved, they 
began to feed avidly, and the paralysis was reduced 
to a mild state of postural imbalance. Similar 
results were obtsined if the dose of tricrthocresyl 
phosphate was increased to 0-15 0.c./kgm. 
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In view of the outbreak of triorthocresyl phosphate 
poisoning © in Marocco last yeer involving 10,000 
people, these resulta may be of assistance 
m efforts to treat the crippled victims. 


P. QGLEES 
University Laboratory of Physiology, 
Oxford. 


1 Gees, P., and White, W. G., J. Phyeist., 168 (1060). 


in the Heart 
me Other 


Potentiation of Contractili 

Muscle of the Rat and 
Mammals 

THs steady-state amplitude of rhythmical myocar- 
dial contractions reached after the period of ‘stair- 
case’ varies regularly with the frequency, following 
& typical curve in most animal species: it decreases 
at first, ab very low frequencies, passes through a 
minimum (least favourable Tedania), then a higher 
rates it increases up to a maximum (optmnal fre- 
quency), to decrease again, at still higher rates, up to 
the limit of frequency which the preparation can 
follow?. The shape of the curve is, however, much 
modified in. the rat in comparison with thet of other 
species, the inrtial decrease of contractility bemg very 
marked, while the followmg increese to the optimum 
is, on the contrary, only small or absont*. In contrast 
to the classical staircese phenomenon, an inverted 
staircase (decrease of contraction) has been observed 
in the auricular or ventricular strips of the rat after 
a period of rest, or after the transition from a lower 
to a higher rate of stimulation’. 

These variations of contractility as a function of 
frequency may be interpreted as resulting from the 
interaction of two factors or effects, varying in 
opposite senses with the interval between the succeed- 


ing of preceding interval, has been called ‘restitution’ ; 
the other, an augmenting effect on the shortening of 
the i interval, has been termed ‘potentiation’ 
(Fig. 1). The ‘potentiation’ effect occurs only at 
short (least favourable) mtervals, is cumulative and 
forms, in our interpretation, the common basis of 
the positive staircase, of the post-stimulation and 
post-extrasystolic potentiation, as well as of the 
steady-state amplitude variations. The terms ‘restitu- 
tion’ and ‘potentiation’ are meant to be provisional, 
without any prejudice concerning the true nature of 
each of these affecta, which may be dissociated and 
followed separately im their variation as a function of 
frequency* (Fig. 1). 
The restitution effect may be measured by the 
of amplitude m a number of single premature 
and delayed beats, intercalated in regular steady-state 
contractions. The ‘potentiation’ effect is indicated 
by the augmentation of the contraction next to the 
premature one (conditionmg contraction), provided 
it follows at the basal interval. This point is very 
important, since in the case of an extra beat followed 
by'a longer (compensatory) interval as well as in 
that of an imtrapolated beet followed by a shorter 
interval, the change of contractility of the next 
contraction is due to both effecte. The immediate - 
return to the previous (basal) interval maintains, 
however, the ‘restitution’ effect constant, so that only 
a pure ‘potentiation’ effect appears. -(For details of 
technique see our previous paper.) 
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AMPLITUDE 


i evolntion of the ‘restitution’ ‘po 
Senntat simula interval pin regular 
simui; e, mterval of a n beat conditioning potentiation 
of the contraction. Am: of beats followmg 

t pr por ess ge gp ber I form a curve . 
the ot tation of A of the 

Leeds Sete beats 1’-0 form a typical 

of ‘potentiation’ surie. of dog, 80°0.; basal rate, 
Co n of resulta of ts on 78 isolated 


left auricles of the dog (15), cat (3), rabbit (16), 
guinea pig (20) and rat (24) shows that: (1) the 
restitution, effect has a markedly steeper course in the 
rat than, in the other mammals examined; (2) the 
iation effect in the rat myocardium is very 
small and occurs only when the premature beat is 
elicited at a very short interval (Fig. 2). 
Also reactions of rat myocardium to some drugs 
(for example, strophantin) differ from those of other 


DOG 

PETS. 
k 

RABBIT 
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PERCENTAGE OF BASAL AMPLITUDE 





2. Variations of the ‘restitution’ and post-extrasystalio 
effects as a funcion of the conditaning mterval on 
rat pared with mammalian 


specie. Pates for ths oai 
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species’. Experimenta on this matter are in progress 
in 6ur laboratory and will be reported later. 

The differences described in the behaviour of 
amplitude in relation to the interval between con- 
tractions show clearly that rat heart muscle cannot be 
considered as representative of mammalian myovar- 
drum, and no drect conclusions from experimenta 
with it can be drawn for the physiology of contractility 
of the heart muscle of other mammals and especially 
man. The distinction and dissociation of two effecta - 
underlying the relationship of the rhythm to the 
contractile foroe may prove useful in the analysis of 
these complex but remarkably regular He oncoupages 


` P. BrRavsnÝ 
Department of Physiology, 
Faculty of Medicine, 
University of Brno, 
Czechoslovakia. 
Jan. 22. 
1 Krata, V., Arok. Int. Phyetol., 45, 33% (1987). 
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Potassium Tolerance Tests in South Indlan 
People 

Porassrum tolerance m man was sttiidied bf} 
Zwemer and Truskowski! in relation to adrenal gland 
activity. After an oral intake of 20 mgm. of potassium 
chloride/kgm: body-weight, no rise of the plaama 

tassium-level is observed in normal Europeans, 
while a rise of 30 per cent or more is established in 
cases of cortical insufficiency. Accordingly, Henrotte 
(unpublished work) found a mean rise of 6 per oent 
in 12 healthy Belgian studente. However, in Dakar, 
Leschi! obtained, m the same i tal conditions, 
an average of 4-1 + 4°8 and 18 + 8-1 per cent, 
respectively, for the maximal rise in potassium of 
6 Europeans and 32 Negroes of male sex. Conse- 
quently, I suggest the occurrence of a lower cortical 
metaboham im Negroes and ite relation with the 
pigmentation. 

Similar experiments have been undertaken in 
Madras with 28 Indians and 9 White Europeans or 
Americans, éll male. The potassium tolerance testa 
were oonducted according to Leschi’s method’, 
before breakfast and early in the morning, the room 
temperature being 29-82° C. (with 60-80 per oent 
humidity) throughout all the experiments. After the 
intake of potassium chloride, blood samples were 
taken every 20 min. for 1 hr. The potassium was 
determmed m the plasma by flame spectophotometry. 
The maximal rise observed during the test and 
expressed in percentage of the fasting-level was as an 
average equal to 12-4 + T- -5 per cent for White people 
and to 1483 47-3 for Indians. The differences 
between Indians, Africans and White people of 
Madras are not signifioant. In the case of the last- 
named, the maximum rise in potaasium bears a direct 
relationship to the length of stay in Madras (Fig. 1), 
the relation, being significant at the level of 5 per oent. 

Our results indicate the occurrence of a climatic 
factor in the variation of tolerance of potassium m 
man, that is, of human cortex activity, rather than a 
racial factor. Our findings are confirmed by a fall 
of 27-3 per cent in 17-ketosteroid exaretion observed 
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1 2 91 2 34 6 10 
Months 
Length of stay 
2 bes eral meet oe cared fat Ss 
‘ta months on a Maine scale 
By Robinson e al.? during the hot season in Australian 
White people. On the contrary, urinary 17-keto- 
steroids determinations carried out in India‘ and in 
Africa" with both indigenous and Europeans show much 


cortical hormone excreted rather than the real activity 
of the gland. Relation between excretion af steroids 
and their amount in the blood could vary in the 
same conditions and should be further investigated. 

Wo acknowledge with thanks the technical facilities 
provided for our work by Profs. K. P. Anandan and 


N. Verghese. 


Q. RANGANATHAN 


Departments of Physiology and Biochemistry, 
Madras Medical College, Madras, 
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University of Lidge. 
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Effect of the Cations of the rrop Series 
on the Tension of Vascular Muscle 


Ir has been found that, in experimental oorti- 
costeroid-induced hypertension, the content of potas- 
sium in the vascular wall increases acoording to the 
hypertension’. On the other hand, experiments tn 
vuro with oarotis stripe showed that an increase of 
the potassium concentration of the bath solution 
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causes a rise in tension which runs different from that 
of smooth muscle in the colon. The difference is due 
to the faot that penetrates into the vascular 
muscle but ar Aaa plat muscle of the colon. 
In the vascular muscle the tension rises parallel to 
the intracellular potassium and remams constant aa 
long as the latter is not diminished". The relation ` 
between [K], and the resting potential as well as 
between the resting potential and the change of 
length in muscle (contraction) are rather well known 
and will be discussed in another communication. 
There arises the problem of the effect of the intracellu- 
lar potasium. The influence of other monovalent 
cations of the lyotropic series (cæsium, rubidium, 
sodium) on the tension of vascular muscle has been 
investigated, too, under the same conditions as the 
potassium effect. The results are illustrated in 
Figs. 1-8. They show: (1) The threshold concentra- 
tion which induces a rise in tension of the vascular 
muscle increases with the diameter of the ion 
(cæsium, 5 mM; rubidium, 10 mM; potassium, 
30 mM). To obtain an increase of the tension by 
means of sodium chloride, the sodium concentration 
of the Tyrode solution has to be augmented by 140 
mM. At this concentration, the increase in tension 
can be effected merely by the high osmotic - 
as it is in the case of sucrose, for example. (2) At 
equal concentrations of alkalichlorides, the morease 
in tension ia smaller with increasing diameter of the 
ions (Fig. 8). (8) At higher ossium concentration, 
the increase of tension is not continuous. ’ 

Tf the same concentration either of potassium or of 
cæsium is used, the amount of cweium which pene- 
trates into the vessel wall is only 42-5 per cent of the 
amount of the penetrating potassium. The fact that 
‘for cesium the threshold concentration which causes 
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an increase of tension is of 5 mM only might be coon- 
sidered as especially interesting. Since the permea- 
bility constant for cesium is smaller than for potas- 
sium and since the muscle fibre releases no potassium 
during the increase of the tension, contrary to what 
usually happens in contractures, we aasume that the 
increase in tension is effected by the cæsium which 
penstrates into the muscle fibre. The rise in tension 
after the extracellular potassium has been increased. 
as well as the recovering after it has been decreased. 
take place in a medium free both of oxygen and of 
glucose. These resulta led us to the working hypothe- 
oe ee ee 
discharge of a protein anion by means of a ly 
cation. As it is known, the smaller the diameter of 
monovalent cation, the closer is its approach to the 
protein and the stronger ite attraction. To evidence 
the same change of state of the protein, more potas- 
sium is used than cægium (see threshold value). 
The tension is maintained by the new state of the 
protein, that is, without use of energy. 


Department of Physiology, 
University of Fribourg. 

1 Last, L, Nature, 188, 605 (1960). 
Lasst, L., Vetwre, 185, 606 (1960). 


L. Laszr 


Visco-elastic Behaviour of Blood Vessels 

of the Muscular Type 

It was shown in the previous communication that 
the ‘threshold-concentration’ of ions of the lyotropio 
group which produce a rise in tension. of the muscles 
m & veel increases with increasing diameter of 
the lyotropic ion. Because this process 
in the absence of oxygen, we might assume that a 
discharge of protein ions takes place which causes & 
change of state. We presume that this change .of 
state also produces a change in the visoo-elastioc 
behaviour. 

The visoo-elastic behaviour of rimg-ahaped or 
rectangular pieces of a cow oarotis has been estab- 
lished with an oscillographio method using periodical 
stretches (frequency 1-1-8 cyoles/sec.). The stress- 
strain relation (Young's modulus), as well as the phase 
shift betwéen these, could be measured with a method 
described in an earlier publication? and now oonsider- 
ably improved. During the measurements, the 
samples of vessels were immersed in Tyrode’s solution 
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at body temperature. The questions treated were 
the following : (1) the influence of potassium (60-70 
mM); (2) the influence of suprarenin; (3) the in- 
fluence of electrical excitation on Young’s modulus 
and on the viscosity constant n or its product wy 
with the angular frequency, whine can be computed 
from the phase shift between stress and strain and 
Young’s modulus. The heat dissipated in the sample 
can then be found from an. 

(The heat generated by friction can be found as 
follows: the resistance to stretch for a piece of 
arterial wall of length } and cross-section q will be 
R = ngjl, where n is the viscosity constant. For a 
periodio stretch we might put J = l, + A Lsin(a4). 
To overcome the friction, we need the force F = 
R di/dt. The work done during a period is found by 
integration : 

jr. GE dt =. R.w(AD* 


Poses clone 
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For the power we obtain P = (wmn). ag Rigid 
The product wy is the quantity obtained b 
experiment. fs cbt tas deen veer 
modulus. In order to get a more concrete picture, 
we have calculated the heat generated in a cube of 
material of 1 0.0., where the amplitude Al of stretoh 
is taken to be 0-06 om. For this assumption 
we obtain Hy, = (w*y).0-208 x 10-* cal. /sec.) 

Potasium always brought about a considerable 
increase of tension and of Young’s modulus perpendi- 
cular to the axis of the vessel, which reached their 
maximal value within a range of time of 12 min. after 
the administration of ium, In some cases, 
according to [K] Young’s modulus rose to about 
four times ite original value and remained constant 
increased in the same time. 

If we oarried out the same experiment with 
rectangular samples, one oub ly to, and 
the other in the direction of, vessel’s axis, wo 
obtained an increase of Young’s modulus from 
15x 10° to 55 x 10° dynes/om.* in the first oase (Fig. 1). 
7 and the dissipated energy enhanced about at the 
same rate. Because only few muscle fibres run in 
the direction of the axis, we obtained in this direction 
an increase of Young's modulus only from 3-8 x10 
to 5-0 x 10* using the same initial stretch of 26 per 
oent (Hig. 2). The relative increase of the dissipated 
energy remained about the same as in the first case. 
In carrying out comparative measurements s8 
mentioned here, care has to be taken that the experi- 
mente are performed with the same initial relative 
stretoh, because the visco-elastic behaviour of vessels 
depends on it to a large extent. This we have illus- 
trated with a set of experiments the results of which 

in Fig. 8. l 

pora the immersion of 60-70 mM K was replaced 
by normal Tyrode’s solution, the tension as well as 
Young’s modulus dropped to the original valus. 
Experimenta with suprerenin and electrical excitation 
showed considerable increase in tension, but only a 

increase in Young’s modulus. Skeletal muscle 
of frog (sartorius and muso. rect. abd.) showed no 
change in the viseo-elastic behaviour either with 
potassium or with electrical excitation. 
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The importance of these resulta regarding ‘the 
development of arterial tension in normal and in 
hypertensive individuals will be discussed in a further 
publication. 

V. Harpuna 
L. Laser 
Department of Physiology, - 
University of Fribourg. 
1 Betttober, A., Hardung, V., and Maillard, J., Kolloid £., 148, 60 (1956). 


Osmotic Regulation in the Larva of some 
Euryhaline Diptera 

Tus relationship between blood concentration and 
the external medium is known im only one salt-water 
dipteran, the larva of Aedes detritus!#. During a 
recent study of a small salt-marsh, on the Northum- 
berland coast, several euryhaline i were 
investigated with regard to survival and blood 
regulation in sea-water media. Some of the resulte 
are briefly reported here. 

Groups of 10 larve of Ephydra riparia were kept 
in shallow dishes containing media ranging im oon- 
centration from tap-water to sea-water evaporated 
to half ite original volume. Larve were not fed during 
the course of experiments at room temperature 
(18-23° C.). 

In tap water, and concentrations lees than normal 
see-water all of the larvw survived; several pupated, 
and adults emerged successfully during the course of 
the experiments. In concentrations greater than 
normal sea-water some of the larvæ lost water, became 
shrunken in appearance, and eventually died. The 
majority survived for at least two weeks in sea-water 
equivalent to 8-0 per cent sodium chloride. 

Blood samples from individual larve were taken 
after 7 days for micro-chloride and freezing-point 
depreesion measurements. Both are 


powerfully 
‘o enatea urg 1B) to a greater extent than in Aedes 


in pa sea-water media’. As in 
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A. detritus the slight but gradual morease in blood 
osmotic pressure is due to an morease in blood 
chloride concentration, which is relatively high and 
accounts for approximately 75 per cent of the total 
blood cancentratian. 

Similar observations were made on larve of two 


leas than 5-0 per oent sodium chloride. In higher 
concentrations of sea water nearly all the larvæ 
became shrunken in appearance and died within 
4 days. Larve of the typical form were obtained fram 
coastal rock-pools at high water mark. These larve 
survived direct transference from tap-water into sea- 
water equivalent to 7-5 per cent sodium chloride, 
in which the life-cycle was completed, and they 
showed no signs of loas of water in this concentration of 
sea-water. These observations suggest that the two 
forms of O. otiripennis may be physiologically distinct, 
although each form is well adapted to survive the 
range of salinity normally encountered in its habitat. 
shown, 


Preliminary m 

of is Poesie TOTA Gevedantons of rectal od aAA 
from larve of F. riparia show that this species can 
elaborate fluid considerably more concentrated than 
the medium (Table 1). Similar measurements were 
also made on larvæ of Coelopa frigida (Table 1), which 
live in wrack beda stranded at high tide-level. As in 
A. detritus, the ability of O. frigida to elaborate a 
fluid-hyper-oamotio to the medium is not so well 
developed as in larve of H, riparia. 

This.work was supported by a maintenance grant 
from the Department of .Scientifio and Industrial 
Research. 

D. W. Surororsa* 
ent of Zoology, 

King’s ege, Newcastle upon Tyne. 

* Department of Aolentiflc and Industrial Research Fellow. 
Beadle, L. O., J. Bap. Diol, 18, 346 (1039). 
*' Ramsay, J. à., J. Bap. Biol., £7, 145 (1950). 
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Immuno-electrophoretic Demonstration of 
Prenpiacng Components in Sera from 
regnant Women 


pregnant or recently pregnant women. According to 
Smithies', an a,-globulin is present in sera from about 
10 per oent of women im late pregnancy or shortly 
after delivery, and is demonstrable by means of 
starch-gel electrophoresis. Thornes?, by means of gel- 
diffusi 


of 28 sera oollected from 
parienta Au op ee Eere miaon of potay, 

serologically distinct oompanent. 
Immunization of rabbits with placental extracte made 
possible the demonstration of one to four different 


In order to study the possible oocurrence of ‘preg- 
nancy-specific components’, an antihuman immune 
serum, prepared in rabbits by immunizing with serum 
from patently normal blood donors, was absorbed 
with serum from one such blood donor by means of the 
intra-basin-gel absorption’, and used to develop the 
eee 
taken, immediately after normal delivery. In ftve of 
these sera a precipitate in the fast «,-globulin region 
was demonstrable (precipitate A). In two of these 
ftve sera also another precipitate (precipitate B) 
appeared in the slow a,-6,-globulim region. 


Carper att) andthe prapranoy procitate 
A and 2 (lower basin) m 

It was also found that some normal sera ted. 
the appearance of precipitates A and B or one of 


these components when used to absorb the immune 
serum in the intra basin-gel absorption technique. 


Fig. L 
Protein 


year. 

Bera from 20 normal subjects (males and females) 
DE e e T pe iente with diseases involving 
‘tissue destruction’ did not give any precipitates 
against absorbed immune serum. ‘The serum of 
one of these 4 patienta did, however, give precipitate 
A. This serum also formed a precipitate against a 
commercially available O-reactive protein immune 
serum A New York) in immunoelestro- 

This presumed C-reactive protein precipi- 
tate differed from the precipitates A and B in that 


pregnancy sera 
did not show precipitate 
protein immune serum. 
In conclusion, it can be stated that certain anti- 
human immune sera absorbed with selected normal 


ormation against O-reactive 
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sera give two electrophoretically different precipitates 
with some sera from pregnant women. Other 
‘pregnancy sera’ when examined by the present 
technique® lack either both or one of these precipi- 
tates. 

Precipitate formation between selected ‘pregnancy 
sera’ and absorbed immune serum will also distin- 
guish between four types of normal sera, by their 
capacity of completely inhibiting the formation of 
visible precipitate, by inhibiting only ane of these 
precipitates bub not the other and finally by not 
mnhibrting the formation of any of these 
precipitates’, when used as absorbing reactants of 
the immune serum. ` 

We gratefully acknowledge the liberal supply of 
sera from the of Women's Diseases, 
Sabbatsberg Hospital, Stockholm. - 


Jas HipsonraLp 


Department of Bacteriology, 
Karolinska Institutet, 
Stockholm, 60. 
State Institute for Blood Group Serology, 
Stockholm, 60. 
State Bacteriological Laboratory, 
Stockholn. 
ULF 8dpmneEmEc 


Nobel Institute for Neurophysiology, 
Karolinska Institutet, 
° Stoakholm, 60. 


1 Bnuithies, O., “Adv. Protein Obem.”, 14, 65 (1950). 

* Thornes, D. R, thesis, University of Dublin (1986). 

* Hireehfeld, J., dots Path. s Microbiol. Soand. (in the press). 
‘ Hirechfeld, J., Nature (in the prem). 


Sickling Phenomenon in Deer 
GuLLaR: described peculiarly shaped red ocells 
in deer blood and Undritz* was able to produce these 
cells tm viro by passing oxygen through the 
blood. The cells looked remarkably like human 
sickle-cella. Gulliver examined three tropical deer : 
Corvus maxicanus, Corvus reevesii and Oorvus poroinua. 
He also mentions a Persian deer, but its scientific 
name is not given. O’Rouke*® investigated 178 
deer in the United States and found ‘sickle-cells’ in 
14. Undritz obtained positive resulta with the blood 
of Corvus elaphus, Dama dama, Sambar (Rusa), 
Peoeudaxts sika, Peeudaxis hortulorum, Axis axis. The 
present investigation has been carried out with blood 
from Hlaphurus davidianua (Pare David deer). No 
sickle-cells could be produced with the blood of 
Rangifer tarandus (reindeer), Alæs aloes: (elk), and 
Corvus canadiensis (Wapiti deer). 
In man, aickle-cells are produced when erythro- 
cytes containing the abnormal hæmoglobin S` are 
This hæmoglobin is relatively insol- 
uble in the reduced state and an d ion it 
forms intracellular tactoids which stretch the cell 
anve. and give the ocell ita bizarre sickle shape. 
It might seem that in the deer the effect is just the 
opposite, particularly because the sickling produced 
by treatment with oxygen can be reversed by addition 
of the reducing agents NaHSO, and Na,8,0,. How- 
ever, we can now report that sickling of deer cells 
occurs equally well when the blood is saturated with 
i or carbon monoxide but not with carbon 
dioxide. The effect of oxygen, nitrogen and oarbon 
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-monoxide is due to 8 replacement of the carbon 


dioxide which causes as it were a ‘respiratory alkalo- 
sis’. The reducing agents are acid, and hence they 
reverse the alkaline pH and the sickling. 

When deer cells are suspended in 0:1 N KH,PO,, 
no sickling can be produced by gassing with oxygen, 
and when they are suspended in 0-1 N Na,HPO, they 
sickle without any further treatment. There is a 
relatively sharp transition from the normal to the 
sickle-shape between pH 7-0 and pH 7-5; some sickle- 
cells can already be noted at pH 7-2 and nearly all 
cells are sickled at pH 7-4. 

When the solubilities of oxygen, of reduced and of 
carbon monoxide hæmoglobin are compared, they 
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are seen to differ little, and indeed Fig. 2 shows that 
the values for reduced deer hæmoglobin he between 
those for oxygen and carbon monoxide hamo- 
globin. 

There is no signifloant difference in the solubility 
at i ing concentrations of phosphate buffers of 
pH 7 and pH 8. It was noticeable m these teste as 
well as in those described in Fig. 2 that precipitated 
oxyhsmoglobm which was left on the filter paper 
after filtration was rapidly transformed into methmmo- 
globm, whereas this was not so in the oase of the 
human hemoglobin controls. Deer hæmoglobin is 
oxidized by K,Fe(CN), about twice as fast as human 
hamoglobm. 

We wish to thank Dr. E. Lang, director of the 
Basle Zoo, for kindly supplying the deer blood. 


E. Unprrrz 
Pharmacological Laboratory, 
Sandoz, Basle. 
K. BETKE 
University Children’s Hospital, 
Freiburg-i.-Br. 
i H. Leeann 
8t. Bartholomew’s Hospital, 
London. 
1 Gulliver, G., Phul. Mag., 17, 385, 327, 380 (1840). ef 
Unde AT er 08 1047), Rows @ Hematologic &, 644 (1980) ; 
Sang, 25, 296 (1054). 
1 O’Rouks, B. O., Proe. Soo, Bay. Biol. Mod., 34, 788 (1086). 


Platelet-Count Differences in Blood 
of the Rabbit Right and Left Heart 
Ventricles 


Tus work was undertaken in an attempt to determ- 
ine whether a difference could be demonstrated in 
the platelet counta of the blood of the rabbit right 
and left heart ventricles. ‘That such a difference 
might occur suggested iteelf from the recent work of 
Sharnoff and Kim1, which studies revealed that 
megakaryocytes are present normally m the lung 
blood veasels of sll mammals, where they appear to 
break up in the pulmonary capillary anastomoses 
into platelets. Therefore, it was that if 
the lung veasels were a possible site of platelet 
formation, the blood of the left heart ventricle could 
contain a higher number of platelets than that of 
the right ventricle. The difference in number of 
platelets, it was believed, would depend only on the 
number of megakaryocytes present and breaking 
up at any one time in the lung vessels. 


weighing 
2-4 Ib. were killed by rapid air embolism and within 
1 mim. the chest cavity was opened and the heart 
exposed. Blood samples were obtained by needle 
aspiration from both ventricles while the heart was 
still in ventricular flutter. The blood was preserved 
with ‘Versene’ (disodium galt of ethylenedinitrotetra- 


acetic acid, Hastman-Kodak). Indirect telet 
counta were performed in duplicate by Fonio’s 
method and averaged. were determ- 


conditions and temperatures except for shart periods 
when unheated housing was ided. The work was 
begun in’ August 1958 and completed in February 
1959. On this basis the animals could be divided 
mto two grou oe The first group 
of 10 was studied during warm and mild autumn 
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weather. The second group was studied during the 
winter months. For convenience the groups are 
designated accordingly ss summer and winter 
animals. 


A striking difference in platelet counta of the blood 
of the right and left ventricles was noted with two 
exceptions in the winter animals. No cesential 
difference was found ın the platelet counts of the blood 
of both ventricles of the summer animals and m the 
two exceptions of the wmter animals. The wmter 
animals, includmg the two exceptions, revealed the 
platelet counts of the mnght ventricle averaging 
245,000 per om.*, while the left ventricle blood 
revealed platelet counte averaging 408,000 per cm.*. 
Average platelet counts of the right and left ventricle 
bloods of the summer animals were respectively 
256,000 and 254,000 per om? (Fig. 1). Erythrocyte 
counta of the 20 animals averaged 5:4 million per 
em.?. 
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These studies mdicate that from the lung vascular 
system there is added to the blood of the winter 
animals a significant number of plateleta. This 
would tend to substantiate the earlier suggestion of 
Sharnoff and Kim? that the lung veæels may be a 
significant site of platelet formation. The significant 
increase of platelets in the winter animals in this 
study also complements the observation by Sharnoff 
and Kim’ in an earlier study where significantly high 
numbers of plateleta were observed in the peripheral 
blood of winter contro] animals compared to summer 
contro] animals. 

It is suggested that the source of the imoredsed 
platelets are the pulmonary megakaryocytes usually 
present in the lung vessels. It is also suggested that 
the stress of winter cold may stimulate an increase 
in number of pulmonary megakaryocytes which on 
the further strees of kiling the animals break up 
rapidly into platelets. It may also be postulated 
that where no significant increase in plateleta occurs 
the lung vessela may have a low number of mega- 


cytes. 

This work also corroborates earlier findings that 
the lungs may be a source of platelets. Howell and 
Donahue’ in dog lng ion studies, and later 
Bierman‘ in human ies, recorded such evidence. 
In this report, however, a more rational explanation 
of this phenomenon is presented. This is further 
supported by the histological observations of Sharnoff* 
revealing that the pulmonary ocytes are 
moulded and broken asunder in the pulmonary 
capillaries and their anastomoses and thus emerge as 


No. 4734 July 23, 1960 


casta of the capillaries and at times, therefore, appear 


fa Mio et aa a aa jong latelets. aes 


Moust Vernon, New York. 


* Biati, ean and Kim, E. 8., Amer. Med, Assoc. Arok. Paik., 06, 

176 (1958 

eae ry T and Kim, B. B., Amer. Med, Assoc. Arch. Paik., 06, 
340 

Howel, W. H apd De ee 68, 177 (1937). 

i Biman, H. B., Amer, J. Surg., 88, 180 (1 

* Sharnoff, J. G., Waters, 194, 75 (1950). 


PATHOLOGY 


Absence of Local C ic Change 
in Man from Griseofulvin 


WiırH the importance of griseofulvin in the trest- 


inations for griseofulvin in extracts of the injected skin.. 
A total of 80 injections of griseofulvin was given. 

In brief, there was only occasionally a mild foreign- 
body reaction of Poe type about the depot of 
crystals. This subsided , usually within three 
or four days, and then no onstrable inflammatory 
activity could be detected except occasional perivas- 
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cular infiltrate. In one patient, after 
three ee a ee 
foreign-body giant cells. There was no o in 
mitosis in any portion of the epidermis surrounding 
this, or in any portion of the adjacent hair follicle. 
In one vacuolization, of the cells in 
the adjacent portion of thé hair follicle was found. In 
gaa Initan, hres connie ate ee ee 
was found. In all the human tumour experiments 
there was no effect in either retardation or accelera- 
tion of the tumour growth, nor any demonstrable local 
effect on the individual dual tumour cell. In clinical 


To amplify this study in the Department, the 
effect of griseofulvin in animal tumour expermenta 
was initiated. 

Griseofalvin were furnished by Dr. G. 
Kenneth Hawkins, Clinical Research Division, Scher- 


ing Corporation, Bloomfield, New Jersey. 
Laow GOLDMAN 


Awanpsa BEYER 
Jan SOHWARBE 
of Dermatology, 
College of Medicine, 
Zee of Cinoi : 
Cincinnati, Ohio. 


earn ag hig Matura, 1EB, 1809 (1058); 


Leon, Preston, Robt. Amanda, and Loutren- 
hiser, see See Mal er soa hee Grebe 6, 1000). 


Tumour-promoting Effect of Excessively 
Doses of Oral Griseofulvin on Tumours 
Induced In Mice by Methylcholanthrene 


Langs intravenous doses of griseofulvin in rata 
have been found to grrest mitosis in metaphase in 


1 of methyicholanthrene 
of mice. A pilot ent was 


oent paipa a in acetone waa app! ied 
twice weekly for 4 weeks to the lower back of the 
mice of groups 1, 2 and 8. 

Group 1 consisted of 20 mice receiving standard 
mouse food and having applications of methyl- 
cholanthrene. None of the 20 mice had any tumours 
formed sa late as 12 weeks after the start of methyl- 
cholanthrens applications. 

Group 2 consisted of 10 mice receiving a | cent 
griseofulvin mouse food mixture for 6 prior 
to, during and after the applications of methyl- 
cholanthrene. This showed 5 of thee10 mice 
to have papillomas formed at the end-of the first 
month of applications of methyicholanthrene. By 
eae fe mnt E 


J 


- system of some elasmobranchs ( 
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10 mice had tumours formed, and m several cases 
mulsiple tumours were seen. A few of these tumour 


and showed extraordmary hyperkeratosis 
so coud E acca One was judged to be 
Group 3 consisted of 10 rnice receiving 0-6 cent 
griseofulvin mouse food mixture for 6 prior 
to, during and after the applications of methyl- 
cholanthrene. At the end of a month, one of 10 mice 
showed a neoplasm which was biopsied at the ninth 
weak and proved to be  woll-differentiated epidermoid 
carcinoma. At the end of two months, 2 of 10 mice 
had tumour growths. 
Group 4 consisted of 10 mice receiving & 1 per cent 


` griseofulvin food ood mixture as long as group 2, and 


group 5 consisted of 10 mice receiving a 0:5 par cent 


either a 0-01 per cant or a 0-1 per cent griseofulvin 
ee ee ERTA methylcholanthrene applica- 


tions twice weekly for 
It is emphasized that the dosage used in the 1 pee 
t 


oone arperimenta waa approximately. 100- timai 


aid. Dr. G. Kenneth Research 
Division, Schering Corporation. 
Lovs L. BABIN 
Taxasnr NAxar 
Jan Souwanz 


Department of Dermatology, 
Collage af Medicine, 
Uni ity of Cincinnati, 
Cincinnati, Ohio. Feb. 14. 


ANATOMY 


Presence of a Pituitary Porta! System in 
Elasmobranchs 


Sınan the discovery in the ee PIDE 
portal system in man, 6 similar system 
described in a large number of vertebrates, from 
amphibians to mammals’. Green did not notice a 
portal system in fishes, but suggests that the large 
sinusoids lymg between the neurohypophysis and 
pers intermedia might serve a similar function, 
namely, a neurovascular contact involved in the 
control of the adenobypophyszis. 

The present investigations of the pituitary vascular 
Usum cantoula, 
Squalus acanthias, Raja batis and Raja radiata) have 
shown the presence of a definite portal system in 
these species. I+ consists ofa primary plexus on the 
ventral surface of the hypothalamus, portal veasels 
running along a kind of infundibular stem to the 
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neuro-intermediate lobe, the sinusoids of which thus . 


the surface of this outer zone. The furrows are most 
distinct laterally; along the median part, which is 
in contact with the anterior lobe, the capillaries are 
of a simpler type 

Troi ths esa’ plavaay patel weawale ren tiade 


Most of the blood enters the large sinuses 
the thin ‘neural lobe’ and the cell cords of 
the pars intermedia. From these sinuses smaller 
vessels branch through the remainder of the neuro- 
intermediate lobe. A few portal vessels run from the 
anterior part of the primary plexus to the sinusoids 
of the anterior lobe. 

Besides the portal system, which is median, there 
is also a lateral venous supply to the neuro-inter- 
mediate lobe: on, either side a large vein, collecting 
blood from the diencephalon and anterior mesen- 
cephalon, enters the lobe*. Part of these veins can 
be seen in Fig. 1. 

The arterial supply is amall; there are no distinct 
the adenohypophysie, although small 





through pie 


L Saikun ceadeule, horizontal section 

steal afferent 
m ink injection, ape A Eee oe ; 
to lobe; p, ventral lobe 
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ong the inferior lobes, close to either side- of the 
anarie lobe, supplying mainly tho Primary plorus, 
to the anterior 
lobe. There are also arteries to the posterior part of 
the infundibulum; they probably give a small 
arterial contribution to the neuro-intermediate lobe 
and saccus vasculogus. 
Tho gland is dramed by a short venous trunk at 
the posterior ventral aspect of the neuro-intermediste 
lobe. It enters the large transversal sinus inter- 


the neuro-imtermediate lobe. Lateral afferent veins 
and a ventral drainage are also present in this species. 

In Raja batis and R. radinta the ventricular floor 
behind the inferior lobes is very much 


canioula. ‘Lateral afferent veins appear to 
be abe tr Boe a ses a ee oat ae 


draining the ruming along the mterhypo- 
physial peduncle. Both Raya and Squalus have dis- 
tinct arteries to the neuro-intermediate lobe. 


invariably run to the pars distalis, appear to be 
the only or main vascular supply to this part of the 
pituitary. 

The presence of a pituitary portal system and a 
distinct median eminence in elasmobranchs makeg it 
necessary to modify earlier opinions on the phylo- 
genetical derivation of the tetrapod ae 
The differentiation of the neurohypophysis into 
madian ecaiderins end otiearal Ihe ming thie Tove 
taken place at an earlier stage in vertebrate evolution 
than previously sssumed. 


Pareo MEURLING 
Zoological Institute, 
Lund, Bweden. 
1 Green, J. D, Amer. J, Anal., 88, No. 2 (1081). 
* Rex, H., Morph. Jakrb., 17, 486 (1801). 
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Sensory Innervation of the Anai Canal 


Duthie and Gairna in a short communication! 
directed attention to the rich sensory innervation of 
the mucoses of the human anal canal. 

This is a report of a further investiga- 
tion of the sensory innervation of the anal mucosa 
ae eae the adjacent external (voluntary) anal 


> Buys. E E A Hie 
anal canals, excised with the 


were fixed in 10 per cent formal saline. Fresh 
ee A ee, ee roe Ely 
fixed. Lo serial 7 
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Bodian’s silver protargol method, using 
proteinate obtained from Roque’s Laboratory, Paris’. 
Other blocks of material were i 

to the Bielschowsky method for pieces with pyridine 
treatment?, and then i sectioned sat 74. 
Frozen 20-p sections of the fixed rat material were 
impregnated by the Bilachowaky-Groe silver diamine 


TL gis, Hae cise goede ie dine O oe eke 


encapsulated, or organized, sensory nerve endings 
conforms to Weddell’s generalization’ that such end- 


possess 
similar to that of Pacinian corpuscles. 
terminals, however, are not of the simple kind found 
in Pasinian but are branched and coiled 
(Fig. 1). This large variety of ending is only infre- 
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quently found, usually lying close to the smooth 
muscle of the internal spincter. 

The most prevalent ending is globular or oval in 
shape, some 2002 in diameter. The nerve terminals 
form æ branched tangled reticulum surrounded by a 
fairly simple capsule of connective tiasue fibres and 
cells (Figs. 2a and b). 

Pig. 3 shows the smallest kind of end-bulb, 100p in 
diameter. Their nerve termmals are branched but 
relatively uncomplicated in their ramiflostions. 

These encapsulated endings are most numerous 
in the mucosa of the upper part of the canal—six 
or more endings may often be observed m one section 
——end gradually become sparser in distribution as the 
anal orifice 18 approached. 

Unencapsulated naked nerve terminals form a 
particularly rich subeprthelial and intraepithelial 
plexus. In the ciroumanal akin typical peritricheal 
ones and free nerve endmgs were observed, but 


no organized endings. 

No encapsulated endings were found in the rat anal 
muocoga, only a plexus of free nerve terminals, which 
was particularly obvious in the first segment of the 
canal (Fig. 4). 

Proprioceptive endings of the muscle-spindle 
kind were observed in both human and cat external 
sphincters (Figs. 5 and 6). The correlated physio- 
logical observations in the cat have been reported 
elsowhere*. 

The human spindles are histologically more com- 
plicated than those found in the oat. Their connec- 
tive tiasue capsule is thicker and usually there are more 
intrafusal fibres present. Often the intrafusal fibres 
are arranged in two separate groups, each surrounded 
by ite own connective tissue sheath, and both groupe 
bound together in a common capsule. In serially 
sectioned cat sphincters not more than sıx spindles 
have been counted. They appear to be equally sparse 
m human sphincters. 

It is concluded that the rich sensory innervation of 
the anal mucoga and the proprioceptive ane ene 
the external sphincter provide a morphological 
for the extreme sensitivity of the anal region and 
must be taken into consideration in explaming the 
physiology of defmoation. 

May I thank Prof. E. W. Walls for his directing 
my attention to this problem and his guidance 
throughout the work. 

R. P. Gourp 
Department of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 
Duthie, H. L, and Gairns, H. W., J. Phyetol., 148, 1, P (1058). 
* Polley, B. H., Anat. Re., 188, 500 (1958). 
‘Tho Microtomist’s Yade Mecum’, 528 (1050) 
aoe E. 8. D., and Galms, F, W., Quart. J. Bap. Phmnol., 37, 131 


* Weddell, G., Palmer. E., and Palis, W., Biol. Ree., 30, 159 (1985). 
eee a sna Goud, B: Pa d: Physiol. (in the 
press), 
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Laminated Structure of Bones from 
Some Marine Mammals 


In recent years much attention has been paid to 
methods of age determination for marine mammals, 
and several reliable techniques are now available. 
Ovarian corpora albicantia counts'3?, baleen plate 
ridges*, internal growth layers in the dentme and 
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1. Photograph of polahed seotion of left ramna of lower 
me. of an adult male sperm whale Jew 
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cementum of teeth‘, and laminations in the ear plug 
of baleen whales’ are in use. Oertain of these tech- 
niques have been apphed with success to son 
terrestrial mammals, notably the method based on 
tooth structures’. In other species, marine and 
terrestrial, these methods cannot be used. 

In 1953 I described and figured the layered appear- 
ance of the dense bone of the tympanic bulla of some 
elephant seals, Mirounga leonina L.*, but waa then 
unaware of a paper by Chapgkiy* in which he desaribes 
and figures such layers in the mandibles of Phoca 
groenlandica and Odobenus rosmarus. He showed 
that the number of layers is correlated in a general 
way with estimates of age based on other characters, 
and suggested that the layers are annual formations. 
The greatest number present in his relatively small 
sample of harp seals was 25. He mentions that this 
layered structure is found in other bones and gives 
reasons for preferring the mandible for routine 
use. It is usually the most convenient bane to 
collect. 

I recently had occasion to examine the lower jaw 
of a large male sperm whale, Physeter catodon, caught 
in the Antarctic. The ventro-lateral of the 
mandible is oo of compact » BOTs 
3—4 om. thick in p , in contrast to the remaining 
spongy bone. In section it shows a number of distinct 
layers (Fig. 1). 

These layers may be of fairly general occurrence 
and the of this communication is to direct 
attention to them as a possible method of age determ- 
ination. Chapekiy’s important paper’ would appear 
not to be known to biologista interested in 
these problems. Dr. D. E. Sergeant of the Arctio Unit, 
Montreal, has confirmed the skip hd harp seal 
mandibles and found clear layers in Phoca vitulina, 
Phocasna and Delphinus. These layers will bably 
be useful for ageing the small delphinids, minute 
teeth that may cease to grow at an carly age. It may 
also be a possible method of ageing those baleen 
whales (for example, Balaenoptera acwiorostrata) in 
which the ear ping has proved unsatisfactory. Game 
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biologists may find it applicable to some terrestrial 
mammals in which the cementum inorements are too 
amall to use for age determination. 

I am indebted to Dr. Sergeant for confirming the 
presence of layers in the mandibles of seal and 
Delphinid species. Ohr. Salvesen and Co. kindly 
Se N A. Madgwiak 
took the photograph. 

R. M. Laws 


National Institute of Oceanography, 
Wormley, Godalming 
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‘Maskintost, N. A, and Wheeler, J. F. a. “Discovery Rep.”, 
amy eX Han Heimat 18 Jer, (28 (86. 


. pin 7. T., Amer, Mill. Nat, 5B (1), 66 C1068). 
iscsi cis Dr Ma and Pinot D EL, J. Wildtfe Mø., K3 (3), 315 
1950). 


“Laws, B. W., Sol. Rop. Falkland Is. Dep. Surv., Mo. 8, 1 (1058). 
arr K. K. Iso. Beteste.-Nauekn, in—ia im. P.F. Lespafia, 
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.Dichorial One-Egg Twins in the Mouse 


Fe ee 
egg twinning in man, Corner’ has classified one- 
see wind. ecconding b hei Gi of PAANO, Aa 
fellows : 
(1) geil of early blastomeres inside the zona 
Bach 


way as two-egg twins. 

(2) Duplication of the inner cell mass in a single 
blastocyst. The two embryos implant together ; but 
their amnis and placente are separate. 

(8) A single inner coel mass differentiates two 
primitive streaks. The embryos will have a common 
amnion. Imperfect duplication of the primitive 
stroakg will give all. stages: irom Biaineao: twina to 
two-headed monsters. 

The evidence for type 1 consists of two extreme 
seta of data. On ane hand, it has been found in 
the rat* and rabbit* that after killing one blastomere 


developing into a normal embryo. 


No ane appears to have sean, among the 
andi of mammalian ova examined (I have 
inspected hundreds of mouse eggs myself), any 
lataan GF eo compia ose developine RAR TAA 
rons pellucida. 

At the other extreme are the numerous leg 
of dichorial one-egg twins, which independent 
workers‘! have estimated to represent one-third of 
all one-egg twins. 

The evidence for type 2 is more conclusive. At 
one end of the scale, isolated instances of blastocyste 
with two imner-cell masses have been recorded in 
sheep* and pig’. At the intermediate level Corner 
gives examples of early human monochorial twin 

with seperate amnia, placente and yolk 


sacs (though sometimes one yolk sac is shared). At 
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os chorion’; Fy, your sue G, amnion 
the other end of the scale, aag of i 
orial 


Type 3, illustrated by numerous human examples 
of twins with a common amnion, can be 
induced in Amphibia and fish. It is also the normal 

method in armadilloes*, where four or 
SE Tere oe i one eee Geren re 
a single egg 

I Have tiated E E sor iene a ca mais is 
circumstances which explain why it has not been 
recorded more frequently, and throws new light on 
the distinction between monochorial and dichorial 
early mouse embryos I have 

days from msemination, 


a tae a 
ends of the vesicle. 


was much the larger of the two. ee ee, 
tation is restricted to the mesometrial line. Only the 
twin, therefore, has any future. The placenta 
is beginning to develop at 94 days. The distal 
embryo has probably already ceased to grow and will 
soon be stretched out of existence by the expansion 
of the distended trophoblast. This makes it unlikely 
that one-egg twins in mice could be recognired later 
than 94 days, but one would expect to have found 
them ab earlier stages with leas discrepancy im size. 
That I have not yet done so may be merely a matter 
of chance. It is just conceivable that the smaller 
embryo st 94 days is secondary, developing after the 
larger, from trophoblast. This would acoount both 
for ita small size and its absence from eerlier 
In man, where ion is unrestricted, both 
embryos such as those found in the mouse would be 
free to develop their own placenta and would have 
equal chances of survival. 
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Other forme of ‘twinning’ in: the mouse are 
fe: Gee -egg. It is common for two advanced 
(124 days) embryos to share a common implantation 
site, with separate though contiguous placente. In 
litters segregating for albino these twina will often be 
found to differ in colour. I have also found two 
trophoblaste, one the other at the same site. 
In this case they were both greatly dwarfed, presum- 
ably because each had inhibited the other. 

It will be noticed from Fig. 1 that the one-egg mouse 
twins with a single trophoblast are dichorial, whereas 
most one-egg human twins are monochorial. This is 
because the two animals have very different types of 
chorion. That of the mouse is formed of extra- 
embryonic mesoderm, in contact with a restricted 
area of blast, the ectoplacental cone, from 
which the later develops. By contrast, the 
human chorion envelops the embryo and yolk sac. 
Aocording to Corner (personal communication) it ia 
formed from trophoblast, though it is vascularized by 
megenchyme from the allantois. 

The i of dichorial one-egg twinning will 
_ obviously depend on the origin of the chorion, and 
since mouse chorion and human chorion do not appear 
to be homologous, the significance of such twins will 
be different in the two species. In the mouse, as in 
the cases described in this comnrunication, they will 

duplicate inner cell masses from a single 
blastocyst (type 2). In man they will signify duplicate 
trophoblasts (two blastocysts from a single egg: 
type 1). There remaina the problem of how two 
viable blastocysts could develop inside the same zona 


leasure to acknowledge the generous advice 
of Dr. e Corner of the Rockefeller Institute, 
New York, and of Mr. S. Bender of Chester. 


A. J. BATEMAN 


Cytogenstios Laboratory, 
Christie Hospital and 
Holt Radium Institute, 
Manchester. 
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Wound. Healing in the New-Born Opossum 
(Didelphis virginianam) 


Writs engaged in experiments on the develop- 
ment of feathers in chick embryos, Saunders and 
Weiss! noted that skin wounds failed to heal when 
the embryos were leas than 3 days old. On further 
investigation Weim and Matolisy** found, for un- 
foe ee ah be ae eee 

ted until the chick embryos were at 
i 10 mag pear 


Pee s tenance anaes 
subject, Eee to investigate wound 
healing „in immature mammalian embryos. 
However, T kava frond that tie sew barn: opoaam 
(Didelphis virginianam), because of its 12-day gesta- 
tion iod, is an exceptionally suitable subject for 
elucidation of this problem in mammals. At birth 


NATURE 


July 23, 1960 vor 187 


the opossum is physiologically and anatomioally an 
embryo, m development to the follow- 

ing embryos: 10-day chick, 12-day rat and mouse, 
18-day rabbit, 28-day guinea pig and 8-week 
human. 

Two types of akin wounds were made in opossums 
1-40 days old. The first series consisted of a non- 
sterile incision 2-4 mm. in length and extending into 
the muscle. The second series were burns of the same 
size made by application to the skin of needles heated 
at 200° to 210° F. The incised wounds became 
grossly infected ; the burns did not. 

There was a 90 per cent mortality within 2 or 3 
days of injury in animals lees than 6 days of age with 
wounds Induced by incision. This mortality decreased 
with advancing age so that the mortality was leas 
than 2 per cent im animals of 10 days of age and 
older. In contrast, the mortality followmg a burn 
was leas than 10 per cent in animals less than 6 days 
of age, and had decreased to zero in animals at least 
10 days of age. 

In all animals lees than 6 days of age there was an 
almost complete lack of inflammatory reaction at the 
site of Injury. The alight moreage in cells was due 
to a few mitoses in local mesenchymal oelis. This 
lack of reaction was unimportant when the wound was 
essentially sterile, and when there was little tissue 
necrosis, as occurred followmg the burn. In these 
circumstances the local mesenchymal cells were 
able to remove the debris and form a suitable base 
for spread of the epidermis over the ulcer. In cog- 
trast, when the wound became infected, sa occurred 
after the non-sterile incisions, or if the burn was 
unusually deep, causing marked tissue necrosis, the 

injury became the site of a masive gangrenous 
tection rendin h denli of the TORA, 

However, in all animals beginning 6 days of age the 
local injury elicited an intense mononuclear inflam- 
matory . The inflammatory cells successfully 
combated the local infection and within 48 hr. 
removed all necrotic tissue, leaving & clean base acroes 
which the epidermis bridged the defect. 

The difference in reaction prior to, and subsequent 
to, 6 days of age was explicable by examination of the 
plood and hematopoietic tissues. Before 6 days of 
age there was not sufficient development of the 
hematopoietic tissues to produce numbers 
of white blood cells for the circulating blood. Asa 
result the local mesenchyme was the only source of 
inflammatory ocells to clear necrotic tissue and control 
infection. Thereafter, with progressive development 
of the ietio tissues a large number of white 
blood cells entered the circulatmg blood and were able 
to supplement the mesenchymal cells at the site of 
injury as a source of inflammatory cells. The inflam- 
matory reaction was almost as effective between 6 
and 10 days of age, when the only apparent source of 
lymphocytes was the thymus, as after 10 days of age 
when lymphocytes were derived from the spleen and 
nodes as well as from the thymus. 

These resulta suggest that in the opossum of less 
than 6 days of age wound healing ensues even in the 
absence of an intense inflammatory reaction provided 
the injured area is amall and the lesion remains 
sterile. When the area is infected or when there is 
extensive local injury in animals lees than 6 days of 
age, wound healing does not occur because the local 
mesenchymal cells alone are unable to control injec- 
tion and clear debris. Only after 6 days of age have 


the haematopoietic tissues of the LEE A 
sufficiently to provide an adequate number of 
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leucocytes to serve as a source of inflammatory 
ons. It thus seems probable that the leucocytes of 
the Giropinsing piloodi end BOF MiA ens 
cells are the major source of the inflammatory cells 
needed for wound healing in the embryo-like new-born 


I thank the Texas Game and Fish Commission 
for obtaining the animals and Braniff Air Lines for 
flying the animals from Waco, Texas, to Denver, 
Colorado. 

_ Supported by a grant from the UB. Public Health 
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Development of the Gonads in Parasitic 
and Non-Parasitic Lampreys 


Tx relation to the origin of the non-parasitic brook 
lampreys the view now generally accepted is that 
these forms have arisen from closely related 

oe AAE 8 GENESA develazenet? of i 


dreat Viadykov+, tends to support the view.that brook 
lampreys show an inherent tendency towards pædo- 
morphosis. 

Through the co-operation of Dr. V. O. legate, 
of the US. of the Interior, and 
Wildlife Service, it has been possible to examine the 
condition of the in amnmocestes of the parasitic 
sea lamprey of the Great Lakes Basin, P. marinus, and 
to oompare the pattern of gonad development in this 
species with that of the brook lamprey, L. planeri. 

-frequency curves for 847 ammocostes of 


frequency maxima at about 25, 55, 80, 
105, 124 and 140 mm. Metamorphosing specimens 
were found in the size-range 123-170 mm. with a 
frequency peak at about 145 mm. Binoe the 35-mm. 
group representa the young of the year, it is thought 
that the duration of the larval period is similar to that 
of the brook lamprey‘, that is, about five years. 

To compare the size of the in the two species 
transverse sections were cut ugh the mesonephric 
region, and either photographed or traced with the 
camera lucida., The area of the gonad was then 
measured planimetricalty and expreased as 
v gonad area in mm.* 

total length mm. 


For the firat year of larval life (up to about 80 mm.), 
meno aat La calls peers 





x 100 


of the second year (35—40 mm.) some gonads already 
contain oocytes in the earlier stages of cytoplasmic 
growth. In the definitive ) ovary, growth is now rapid, 
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and the gonad soon consista almost entirely of auxo- 


cytes. er, in a small proportion of am- 
mocostes, the gonad remains small with follicles of 
gonia only, while others contain, in addition-to such 
follicles, a smaller number of oocytes. Future testes 


mm., differentiation of the gonads is almost completed 
but the testes show little further growth between this 
period and metamorphosis. © 
_ The rapid initial growth of the oocytes is reflected 
in the increase in size of the gonad between 35 and 
a a ees Oe. 1), beyond which the rela- 
tive size of the ovary actually diminishes. a 
however, a final phase of growth, not 
the graph, between metamorphosis and fall sexual 
maturity, which the diameter of the oocyte 
is increased from about 0:12 mm. in the largest 
ammocœtes to 1-0 mm. at the time of spawning. 


planeri and grow more slowly 
ee ee Thus, in a 100-mm. 
sea, lamprey ammocoste the gonad is no larger than 
that of a brook lamprey at 55 mm. and, up to lengths 
of 70-80 mm., it still consists of undifferentiated germ 
cell follicles. This extension of the period of pro- 
liferation must, of course, be associated with the vastly 
greater number of oocytes (or spermatocytes) pro 
duced by the -sea lamprey. Gosia an dhe fret 
growth-phase occurred in the majority of animals at 
80-80 mm. ; but it was not possible m all cases to 
the definitive ovary and téstis at lengths 
below 90-100 mm. Growth of the ovary appéars to bë 


342 


most marked between 105 and 115 mm., and in animals 
above this length the gonad is relatively larger than 
in the corresponding brook lamprey ammocostes. 
This increased size is due to the number of 
oocytes ; a single transverse section o conteining 
as many as 200 oocytes compared with an average 
of about 30 in the brook lamprey, while the oocytes 
themselves are smaller than those 
(mean diameter in the largest 
mm. oom with 0-12 mm.). 
size of gonad in metamorphoging animals, a 
marked acceleration of growth must occur in both 
ovary and testis at this time. 

Although the duration, of the larval period and the 
linear growth-rate appear to be similar in the two 
species there are thus very marked differences in 
gonad development, both sex differentiation and 


of these findings to the question of speciation in 
lampreys it must, however, be recognixed that, except 
for ite earlier differentiation in the brook lamprey, 
there are no obvious indications that the testes of 
these animals are in a more advanced state of develop- 
- ment and it may perhaps be significant that all the 
cases of neoteny reported by Zanandrea‘ occurred in 
female ammoocstes. 


College of Technology, 
Bristol. 


M. W. Harprsry 


1 Zanandrea, G., Nature, 194, 380 (1050). 

1 Leach, J. W., J. Morph., 38, 217 (1951). 

"Young, J. Z., “The Life of Vertebrates” (Oxford, 1050). 
t Zanandrea, G., 179, 025 (1957). 

* Hardisty, M. W., Mature, 167, 38 (1051). 


An Acid-tolerant and Non-sporulating 
Yeast from Passion Frult Juice 


P ee ea e een 
passion fruit juice (Passiflora edulis, Sims. i 
survey of literature revealed little published inf MDa 
tion on the nature of spoilage organiams present in the 


Juice. . 

Pasion fruit juice normally hag 14-4-21-9 "Brix, 
2-4-4-8 per cent acidity (as anhydrous citrio acid), 
2-60-38 -22 pH, 3-6-8-3 per oant reducing and 
7-4-13-8 per cent total sugars (as invert)’. The juice, 

acidio, is fairly rich in sugars and is easily 
fermentable. A fermenting sample of the juice, when 
examined microscopically, revealed the presence of 
yeast cells only. No bacteria were noted. 

Se ee ee 
them .out on potato—dextrose—agar’ and transferring 
the well-defined colonies to slants of the same medium. 
Taxonomic studies‘* revealed the of two 
strains of yeast, one of which was identifled as 
Candida krusei’. The summary of morphological 
` and physiological studies on the other organism 
(Passflora strain) is given below. 

Cells small, oval (1-8-4-5) x (1-8-8-8); no 
formation of pseudomyvelium ; 4 sediment after a 
weak “andl ising atte morii i acid media no 
sporulation on carrot, Gorodkowa agar, potato 
malt-extract agar, ote. 

Only glucose is fermented and assimilated. The 
following, compounds are not assimilated by this 

Passtlora strain: galactose, sucrose, maltose, lactose, 
L-sorbose, cellobiose, trehalose, melibiose, raffinose, 
moelezitose, D-xyloge, I-arabinoge, D-sarabinose, D- 


NATURE 


July 23, 1960 VoL. 187 


ribose, rhamnoge, erythritol, adonitol, dulaitol, 
mannitol, sorbitol and methyl glycoside, salicin, 
lactic acid, succinic acid and citric acid. Ethanol 
may be weakly assimilated. Nitrate is not used, and 
arbutin is not split. 

The Passiflora strain resembles Torulopsis glabrata 
(Anderson) Lodder and de Vries, but differs from this 
species in that the latter ferments trehalose. 

ing the strain to 


pastors (Guilliermond) Phaff and Saoch. 
Ilphensis van. der Walt and Tscheuschner’. 

The cells of Sacch. mellis and Saooh. bisporus are 
somewhat bigger than those of the Passiflora strain, 
. bisporus is not 


of succinic acid found in the latter. For growth, 
both strains need the addition of vitamins to the 
medium. They grow at 37° O. Also in the morpho- 


Fomor e sean oP h del 

Weare tadetted to Mee, M3, We Ressenven Ri, 
Centraalbureau voor Schimmelcultures, Yeast Divi- 
sion, Julianalaan 67A, Delft, Holland, for help 
rendered in the identification of the yeast, to Dr. 


Central Food Technological Research 
Institute 


Mysore, 2. 
8., gD. thesis (1955), Pb. Unty., Bolan, India; Food 
galanas, 8, 808 (1959). 
8, al, J. Sot, Indust, Res., 17, O (8), 199 (1058). 
| B., and Lal, G., J. Sol, Food Agris., 10, (3), 188 (1050), 


1 Walt, J. 
ET i a o (1956). 


Ensete berryi: Revised Name for Musa 
ensetefor mis Berry 


Worxme on some petrified planta from the 
Deccan Intertrappean Series of India, I have found 
certain well-preserved ens of fossil bananas to 
be described in detail elsewhere. Looking into the 
geological history of the genus Musa, I find that 
Musa enseteformis Berry! is the only definite paleo- 
botanical record of the old genus Musa L. This 
species was based on some carbonized seeds recovered 
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from the ooal beds of Cerros de and 
Monteerrate in the eastern border of the Sabana of 
Bogota, Colombia. The exact horizon from which 
these seeds were obtained was not known ; but Berry 
considered tham to be of Oligocene age 

Recently, Cheearnan’ haa split the sold genus Musa 
into Ensete Horan. and Musa L. As evident from 
their structure and as suggested by the name 
onsetefornvis, the seeds described by Berry! are clearly 
referable to the newly revived genus Enesis. In the 
light of these facta, the name of Musa onseteformis 
should be revised. Usually im such cases the generic 


honour of the original a 
My sincere thanks are due to Dr. R. N. Lakhandal 
for going through this communication oritioally. 
R. K. Jam 
Bırbal Sahni Institute of 


1» Amer. J. Sci., 10, 530 (1025). 
N., Kew Bull., No. 2, $7, 106 (1948). 


pi 


un roductlvity in the Colchicine-Induced 
etraploids of Annona squamosa L. 


Oxny two out of a large number of colchicine- 
pure tetraploid on chromosome examination. 


The one Pee ses to be edie tae on morphological 

to have borne 
fe a ae oe a LE 
The two pure tetraploids have been under observation 
since 1951 but until now neither of them has borne 


in the fruit formation nor 
pollination by the from the diploid parent. 
Application of hormone on the flower stalk did not 
rsd air aa eae Dei The addition 
of nitrogen, phosphorus and potassium -in various 
combinations, and the root exposure did not improve 
the situstion. 


Ces 
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& Side view-of ana IL Note the lagging chromosome 
1: =- aphan IT. Hoh x 000 


In order to understand the causes of unproductivity 
meiotic studies were made from pollen mothber-oells 
in aceto-carmine. Early stages of prophase could not- 
be studied as the chromosomes took feeble stain. 
None of the diakinstio nuclei studied showed any `. 
quadrivalents. Trivalenta, bivalents and univalents, 
were only found, the maximum number of trivalents __ 
and univalenta obeerved in any pollen mother-dell 
being 3 and 7 respectively. The side view of meta- ` 
phase I was studied from 30 pollen mother-cells. 
Various associations of trivalente, bivalents and 
univalente were seen, the number of trivalenta ranging 
mostly from one to two and that of univalents from 
hee a oli pet Figs. la and b show one 


p 

univalents led to a more 
RE tery aac 
if the eantas were present in 
BLS ot caves ead untededs: Lagging chromo- 
somes were also seen in anaphase I as well as im 

I (Pig. 2). 
meiotic irregularities resulted in the forma- 
a E seb groan a e a e 
Some of sporads formed a linear tetrad instead of 
the usual isobilateral A count of the unstainable 
pollen grains showed that these were present to the 
extent of about 80 per cent. Moegasporogenesis has 
not been studied, but it may be presumed that this 





Fig. 8. One- to five-cell sporads in the otetraploid Annona 
sguamoes Ti, x 375 
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kind of i in meiosis may lead to a high 
percentage of aborted megaspores. Chances are 
therefore very remote for a normally developed 
megaspore to be fertilized by a balanced male gamete. 
Thus the failure of fruit formation may be primarily 
due to irregular meiosis which results in the abortion 
of as much as 80 per cent pollen grains and possibly 
eta percentage of megaspores. 

e artificial induction of polyploidy always brings 
isbout ebariliby ix the iuduised blade Bch tha report of 
complete sterility in the colchicine-induoed tetraploids 
is rare. The complete unproductivity of the o-tetra- 
ploid A. squamosa is quite contrary to the expectation 
as the experiments on induced polvploids in the past 
have shown that orogs-pollinated diploid plants with 
a low number of small sized chromosomes (to which 
class A. sguamosa belongs) respond favourably to the 
action of chromosome doubling’. 


. of Pakistan in carrying out this piece of research work. 
My thanks are also due to Dr. Majeed Ahmad, 
University of Daocs, for giving me facilities to work 
in the laboratory and the botanic garden where the 
two tetraploid plants are growing. 


AHMAD SHAMSUL ISLAM 


: Department of Botany, 
University of Sind, 
Hyderabad (West Pakistan). 

1 Islam, A. S., Overr. Soi., 88, 118 (1058). 


* Milott, F. O., “Plant and Oytogenenos”, 158 (MoGraw-Hil! 
Book Oo., New York, 1058). 


Intracellular Configuration and Dedifferen- 
- tiation in Splachnum ampullaceum (L.) Hedw. 


In studies on protonemstal regeneration from 
leaves of Splachnum ampullaceum (L.) 
Hedw., it was found that isolation and not wounding 
is the ‘most important factor im the realization of 
regenerative potentialities!. The removal of correla- 
tive inhibition by means of isolation mitiates cellular 
dedifferentiation, followed generally by celular 
redifferentiation. The present work was undertaken 
in order to investigate certain aspecta of cellular 
dedifferentiation.. Š 

The plant material was grown under sterile con- 
ditions on Beijermok’s imorganio medium solidified 
with 1 per cent agar and was kept under continuous 
white light provided by fluorescent lamps. Cells of 
detached half-leaves were compared with those of 
half-leaves attached to a stem segment. Protons- 
matal tion occurs readily from cells of the 
former while it does not ocour from those of the 
lattari. 

Table 1 shows a comparison of nuclear size and 
chloroplast size and number between cells of attached 
and detached half-leaves. Measurements were made 
at selected time-intervals following the surgical 
treatment. Cells in the immediate neighbourhood of 
the wound surface are not included. These resulta 
show that nuclear size increages considerably in cells 
of the detached half-leaves during the first 24 hr. 
after isolation while remaining approximately con- 
stant in cells of the attached half-leaves. Similarly, 
chloroplast size decreases slightly and chl 
mmber increases greatly in cells of detached - 
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CHLOROPLAST Bee AWD NUMER IN OLE OF 
AXD DETAOHAD HALF-LMA' 


Table 1. NUCLEAR Sram, 
ATTACHED Re 

















leaves while remaining approximately unchanged in 
attached half-leaves. Since attached and detached 
half-leaves have about the same wound surface 
present, the recorded changes in the nuclei and 
chloroplasts are due not to wounding but to leaf 


indicate that these changes occur at considerably 
slower rates in the cells of the older leaf. 
Fundamental changes in the relative position of 
the various cellular components in cells of detached 
half-leaves precluded observations on nuclear size and 
chloroplast size and number beyond 24 hr. after 
isolation. In a mature leaf cell the cytoplasm is 
limited to a thin layer along the cell wall surrounding 
a large vacuole. Under the present light conditions 
the chloroplasts are in peristrophe. The nucleus is ip 
& peripheral position. While this pattern is main- 
tained in cells of the attached half-leaf, there is a 
pronounced change in cells of the detached leaf. 
Within a few hours after isolation imtravacuolar 
strand formation is observed, a primary cytoplasmic 
strand being formed first connecting the cytoplasm 
around the nucleus with the cytoplasm at the side 
opposite the nucleus across the vacuole (Fig. 1). 
Primary cytoplaamio strand formation is followed by 
the formation of other strands reaching 8 maximum 





Fig. 2. Surface view of leef œl 48 hr. efter leaf leolation 
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between 24 and 48 hr. after isolation of the leaf. 
Intravacuolar strand formation is followed by the 
movement of the nucleus and the chloroplaste from 
& peripheral to a more central position in the cell. 
Hence the cytoplasmic strands facilitate a clustering 


leading to cellular regeneration. Sinnots and Bloch* 
have described cell division in vacuolate plant cells in 
lant development. Their illustrations show 
strand ormation resulting in a more central position 
of the nucleus and cluster formation 


intracellular configuration which oocur during mean’ 
ferentiation and which in the present instance 
she torah of incision appear alod tn bora Characteristic 
qf normal plant development. 

This work was supported by a grant from the 
National Research Council of Canada. 


! MaoQuarrie, L G., and Maltrabn, K. B. von, Caxad. J. Bot., 37, 191 
(1058). 


“Sinnott, HL W., and Blooh, R., Amer. J, Bot., $8, 225 (1041). 
"Hotta, H., S. Zellforeck., 2, 00 (1925). 


ENTOMOLOGY 


Prevention and Artificial Induction of the 
Imaginal Diapause in Coccinella 
T-punctata L. 


By field observations, dissections and analyses of 
field samples it was discovered that the female 
diapause in Coceinella 7-punctaia L. (Col. : Ooocinel- 
lidae) is connected with a gonotrophic dissociation, 
which is not the case in male individuals. After the 
induction of dispause the adults of both sexes acoumu- 
late reserves (fate and eee afterwards they 

te towards winter 


sexually 

the other hand, for males the maturation of gonads 
is not such a strain on energy reserves ; both diapaus- 
ing and active males rapidly reach maturity and only 
See ee ey, 

before hibernation. At this period they have already 
accumulated sperm reserves in the seminal vesicles 
and enoysted sperms in the testicular follicles. Already 
a a ka 
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hibernating afterwards with sperm reserves in the 
spermiatheca. In the spring the males renew their 
before the females. ae 

8 


Sy cog tn Eaei Gy Gun AL, Pu ftaa 1o mE (bine 

A mixed ulation, consisting of monovoltine 
insects with obligate diapause and of polyvoltine 
insects with the facultative diapause, obviously lives 
in Central Europe. 

In order to reveal the mode of action of factors 
inducing the diapause we tried to prevent this 
phenomenon experimentally and, on the other hand, 
to induce it artifici 

By breeding the Coovinellidae under condi- 
tions of a continual excess of food (aphid Pergan- 
doida medicaginis Koch), long photoperiod (16-18 hr.) 
and a alternating temperature (mean 
25° O. ; 22-28° O.) we succeeded in gradually prevent--’ 
ing the diapause?. It is obvious that a gradual selec- - 
tive elimination of the monovoltine insects resulted. 
Ib is then to breed the ladybirds continu- 
ously. departure from the optimal 
culture souditiong arisen (especially from excess 
of food in cages with many individuals) a oertain 
amount of diapausing ladybirds also developed in 
the next generations. This situation is very similar 
to that in Leptinotarsa 10-lineaia Say. The possibility 
of interpreting this feature in the same way in both 
these insects arises from the results by De Wilde and 
Stegwee*: they found a marked decrease of the 
number of diapausing females in the oulturea of 
single pairs of L. 10-Iinsata. 

Experiments with polyvoltine Coccinellidae from 
artificial cultures showed that there is a correlation 
between the photoperiod and temperature in the 
induction of imaginal diapause, the photoperiod bemg 
the more significant factor’. The long photoperiod 
Gea) Sek een horen ae 

ow temperature (18° O.). The short 

photoperiod (8 or 12 hr.) induces the diapause. ‘In a 

short photoperiod the induction of diapause is 

stimulated in addition by a low temperature; but 
ae parent eben ch 

The character of the artificially induced diapause 

was studied by comparative dissection and analysis. 

Dissection did not reveal any differences in the fat 


artificially Induced dia: had the same glycogen 
reserve, and that the fat reserve was fifth 
lower than in the naturally diapausing fi On. 


the other hand, in experimental active females the 
fats were læs than a half and just half 
the amount in the experimental using- femalea. 
On the basis of these resulta, the artificially induced 
diapause can be considered equivalent to the natural 
diapanse. 


I. HopEx 
Entomological Institute, 
Czechoslovak Academy of Sciences, 
Prague. 
J. Ompxasov 
Biological Faculty, 
Charles University, 
Prague. s 


: - (in the 
1 De Wide, J., and Btagwos, D., Areh. nedri. sool., 13, 277 (1 
* Hodek, L, and Oerknsov, J., Ent. Fap. end App. (In 
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Immunity of Aphids to iioi Parasites 


A sropy has been made of the susceptibility to, or 
immunity from, parasitism which oertain aphis 
exbibit towards the insect Monoctonus paludum 
Marshall (Hymenoptera, Braconidae). Stary', in a 
recent revision of the European species of Monoctonus, 
identifies M. paludum with M. orepidis Haliday, which 
haa been recorded from various aphid hosts on, plants 
related to lettuce. The present account is concerned 
only with the association between the parasite and 
aphids which occur on lettuce, and it has been found 
- that although the parasite will readily oviposit into 
the five species of lettuce aphids which have been 
studied, succesaful development of the parasite can 
anly occur in one of these species. 

During oviposition the female parasite lays a single 
egg, with precision, into the fused thoracic ganglia of 
each aphid, and it has been shown! that the parasite 
will readily atteck the following species of aphids 
ocourring on lettuce: Nasonovia ribts-nigré (Mosley), 
Maocrostphum euphorbiae (Thos.), Mysus persicas 
(Suls.), Aulacorthum solani (Kalt.), Aulacorthum 
ciroumplacum (Buckton). 

‘However, of these five species of aphids only N. 
ribis-nigrs supporta successful development of the 
parasite's eggs and, in order to determine the reasons 
for failure of parasite development in the other 
species, sections and dissectione of these aphids 
have been carried out at various time-intervals after 
attack. 

A full report of this work will be given’in a sub- 
sequent paper. The interesting facts which emerge 
at the present time are that segmentation of the 
parasite egg begins normally in all the aphids studied 
but that, m the species Maocrosiphum euphorbias, 
Mysus persicas and Aulacorthum solani, degenerative 
changes then occur which result in the shrinkage of 
the parasite tissues and their subsequent disappear- 
anoo at a later stage. 

In the species Aulacorthum otroumflecum, however, 
a different form of immunity reaction occurs. This 
reaction, is contrary to the contention of Flanders’, 
who stated that cellular or phagooytio immunity does 
not occur in aphids because the number of blood cells 
is relatively few, for, in this species of aphid, the 
development of the parasite is arrested by the secre- 
tion, around it, of a oe formed. by certain of the 
host's blood cells. This capsule differs fram the 
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relatively thick capsules described by Saltet in a 
. variety of different insect species as a result of arti- 
ficial injection of eggs and larve of the parasite 
Nemertns (Hym. Ichneumonidae) but resembles more 
the thm, brown capsules described by Schneider? in 
the syrphid Hpisirophe balteata as a defenoo against 
the ichneumon Diplazon. The peered of the 
capsule in 4. orounflerum during its process of 
formation is shown in Fig. L i 


D. C. QBIFFITHS 
Department of Zoology, 
University of Durham, 
King’s College, 
Neweastle upon Tyne. 


1 Stary, P., Se ee ee 
* Gtiffiths, D. the 
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J. Ges, Zurich, 9%, 22 (1980). 


Function of the Corpus Allatum in 
‘Dauer-pupa’ of the Silkworm, 
Bombyx mori 


REOENTLY it was reported! than when the oorpore 
allata in the Eri mikworm pups were transplanted 
into artifloially diapausing pup» which were obtaind# 
by removing their brains at early pupal time, the 
diapausing pups were induced to emerge m 25 days 
after the mplantation. On the contrary, when the 
corpora allata derived from the fourth, the fifth 
instar larve or moths of the same insect were trans- 
planted into the artificially diapausing pups of the 
Eri silkworm, most operated animals entered the 
second pupal instar several weeks after transplante- 
tion. The same resulta were obtained in an exper- 
ment on the Cecropia silkworm’. When the corpora 
allata from the Cecropia moths were transplanted into 
the diapsusing pups of Hyalophora oceoropta, the 
operated insects became the second pups. 

My co-worker and I have shown” that in Bombyx 
mort each corpus allatum removed from the fourth, 
the fifth instar larve, pupw and moths respectively 
bad a function which brought about imaginal 
development probably through the prothoracic gland 
in “‘Dauer-p 

It is not known, however, whether the corpus 
allatum in ‘Dauer-pupa’ of the silkworm, Bombyx 
mort, has the same function in relation to imagmal 
differentiation as corpus allatum in normal larve, 
pupa and moth. - 

this communication a function of the corpus 
allatum in the ‘Dauer-pupa’ of the silkworm, Bombyx 
mort, is revealed. 

So-called ‘Dauer-pups»’ of an F, hybrid between 
two varieties, J.122 and 0.115, which had been 
obtamed by eaxtirpeating the brain immediately after 
pupation and did not show any sign of imaginal 
differentiation for 45 days at 25° C. after pupation, 
were used as recipients of the corpora alata which 
‘were removed from “Dauer-pups’ of 45 days old as 


As shown in Table 1, of 20 ‘Dauer-pups’ grafted 
with 3 pairs of corpora allata derived from the 
‘Dauer-pupe’, 11 recipients became motha 17-24 
days after operation, but the other 4 animals survived 


2 
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‘‘erynct oF TarLawtaTion OF OORTORA ÅLLATA* OF DAUER- 
DEVALOPMENT IN DAUHE- 


Table 1 
YUPÆ OW TAE INDUCTION oa 











ee 


MT Bo-callod “Dauer by dapetving. the 
ped ee Fr pret, ond kepi a o O 
corpora alle te. 

having sustained the pupal form until 30 days after 
implantation. 

Twenty control animals not implanted did not show 
any aigu of i differentiation under the same 
condition as the experimental animals for 100 days 
after pupetion. 

Accordingly, from this experiment, it is concluded 
that the corpus allatum in “Dauer-pupa’ has the same 
Ee a and moth. 

eee adler ‘Dauer-pupa’ had a 
eee allata, they did not show any 
eee of casa tiation for a comparatively 
long time. Tie resgai cong this PIEEO pasos 


Masatosst KOBAYASHI 


ee ee 
Suginami-ku, Tokyo. 
1 Iohikawa, M., and Mishitwntenfl-Uwo, J. Biol. Bull, 118, 88 (1069). 
0. BL, r Biok D, 116, 323 (1989). 
and Yamashita, Y., J. Seriowl, Sol. Japan, 38, 335 


BACTERIOLOGY 


Recovery in the Presence of Chloramphenicol 
of Escherichia coli B(H) irradiated with 
Ultra-violet Light 


Ir has been observed in several instances that 
protein synthesis is involved in the effects produced in 


typhimurium 
tively, Gillie: and Alors EAE Meche tate 
co B and Harold and Ziporin‘ in the synthesis of 
eio acid in Bechsrichia ool B. We have 


Prof. Itaru Watanabe, Virus Laboratory, University 


of Kyoto, which has a specific in bacterio- 
phage infection‘'—is completely + on the 
protem synthesis which occurs the first 
80 min. of post-irradiation incubation’. We have 


therefore investigated the biological and chemical 
og ee ee ee ae 
the results are described here 

When cells of Becherioha coli B(H) irradiated with 
ultra-violet light (surviving fraction 0-1 per cent) 
were incubated in iris . medium’ at 87° C., 
the number of colony-forming ‘cells increased about 
tenfold after 1 hr. Ohicrampheniool (40 pgm. per 
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i ntact armen sie tubers tn par 
entheses show the time et ien of the drug 


sii), hich wan edded VA PEE ST berating ; 
of incubation, suppressed this increase considerably- 
for at least 2 hr. When, however, the drug was 
added after moubation for 30 min., recovery was not 
suppressed but rather stimulated as compared to the 
control culture which contained no chloramphenicol 
1). 
CTE protein eyes during tho frat 30 anin: of 
incubation is easential for the recovery of tho irra- 
diated oella, Aa magaet by Wie above Crewe 
the in which has already been synthesized as 
of the first irradiation and the following 
incubation might also be useful during recovery after 
a second irradiation. 

Cells of Escherichia cols B(H) in logarithmic growth 
phage were harvested and irradiated with ultra-violet 
light; this resulted in a decrease in the number of 
survivors to 0-2 per cent. These cells were incubated - 
in érts-glucose medium for 60 min. at 37° O. in a 
reciprocal shaker. During incubation the number of 
survivors increased about tenfold. Those cells were 
subjected to a second irradiation with the same dose 

as the first one. The decrease in the number of 


‘cir yivionw wile a ttle iro than in tho Beat iecedintirid, 


After this, the cells were incubated in iris-glucose 
medium with and without the addition of chloram- 
phenicol (40 pgm. per ml.). At time intervals colony 
counts were by plating on to nutrient agar 
plates. The results are shown ini Fig. 2. 

In contrast to the results shown in Fig. l, when 
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os 1 15 2 


Tnoubation time (hr.) ` 
x ER ar en wh’ use teclet lighe “he 
after second irradiation with ultra-violst 


The 
oor Pap int vareiioee ahuw the Guns of addidon the drug 


results oan be explained if it is supposed that protein 
synthesis ia not necessary for the recovery phenom- 
enon after the second irradiation, because the easential 
protein has already bean synthesized in the cells as a 
result of the first irradiation and the following 
incubation. That the observed increase in survival 
during the post-irradiation incubation is not due to 
cell division but to ‘recovery’ is indicated by the fact 
that it ooours even, under severe conditions such as 
nitrogen or a sai starvation, addition of 
antibiotios, eto the rate and extent of 
ee ai ay high ; for example, about 
as Wee deeded rorarii Sbarro dara ‘neabas 
tion for 2 br. The one-generation time for non- 
irradiated W. ool B(H) in tris-glucose medium is 
about 60 min. 
Further work on the nature of this protein is now 
in progress in our laboratory. 
Kanser Suxuxr 
~ Yourko Iwama 


Biochemistry Laboratory, 
Chemistry Division, 
National Institute of Radiological Sciences, 
250, K-urosuna, Chiba City, 
Japan. 


1 Witkin, ag ae raged Quant, Piol., 1, 128 (1056). 


id 0. and Haas, F. L., Proo. U.S. Nat. Acad. Sa., 44, 
200 Tisa” 45, 709 (1959). 


1 Giles, N. H., and Alper, T., Waters, 188, 287 (1959). 
1 Harold, F. WL, and Ziporin, Z. Z., Prockin. Biophys. Acts, 20, 430 
(1058). 
3 Watanabe’? I., Proo. Int. p. Obemistry, Tokyo and Kyoto, 
bd 1087, 418; J. Gon, P , 621 (1957). 
‘sumkl, X., fawade, F and Iwama, Y., Frockam. Brophys. Acta, 


1 uruki, K., and Ono, J., Netere, 183, 305 (1959). 
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Host-Range of Lactobacillus Bacteriophages 


Ix 1955; Kiuru and Tybeck! isolated a phage 
specific for 1 strain of Lactobacillus lactis and a phage 
working on 2 strains of L. helveticus. Pee ee 
were isolated from oultures used in, the © 
of Swiss cheese. In 1958, Meyers e al.* reported 
the isolation from saliva of phages active on 7 Lacto- 
bacillus species. The host-range of these phages was 
not indicated. 

Using the enrichment technique of Adams, we 
have isolated 14 Lactobacillus phages. Media em- 
ployed have been described by Briggs‘ ; cultures were 
moubated at 37° O. in an atmosphere of carbon 
dioxide. Mirtures of sewage and groups of 12 
Lactobacilli were used in different experiments. 
Aliquote were centrifuged daily for 10 days and the 
supernatant spotted on cultures of the 12 organisms. 
Lytic activity was never demonstrated before the 
second and usually only after the sixth day of incuba- 
tion. The possibility that the phages origmated from 
lysogenic members of the bacilli used for enrichment 
and not from sewage is being investigated. Phage 
was purified by picking off a single plaque into a 
young broth culture of the host organism. After 
overnight incubation, the culture was centrifuged to 
clarity and the supernatant titrated by the agar layer 
method? using 1 per cant tomato dextrose agar for the 
top layer. Repeated single-plaque isolations ensured 


corresponding 
to that of the Lactobacillus bost. Phages 300 and 318 


Table 1. Host-Rinae or Lactobacillus Priam 
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PEETI PEE E N A casan hoste,; phage 868 
is active on a strain of L. case var. "rhamnosus, -and 
the remaining 11 phages were isolated on different 
L. Jermont strains. 

Strains SE LAOR ee ET TE a 
kindly supplied by Dr. M. E. Sharpe, of the National 
Institute for Research in Dairying, Reading, England, 
“aswell as strains isolated here from human saliva and 


phages y: 
(a) titration of 0:1 ml. of undiluted, and 10* and 
10~ dihrtions of lysates (10° ay particles/ 


the plate once the top-layer agar had set. Results are 
presented in Table 1. Discrepancies are observed in 
the hogt-range of phages ss determined by the two 
methods. In many instances an area of lysis is 
ee ee 
ubt the plaque-forming titre of the phage on the 
particular organiam is xero. This effect, which is 
specific and reproducible, always extends the intra- 
specios and often the imter-species host-range 

Dilution of the lyseste before application of the s op 
in these cages never resultg in the area of the drop 
containing individual plaques but simply in the 
disappearance of the entire lytic area. This pheno- 
menon was in’ peed by nee eee eoa te 
organiam at 87° C. After a period of 20 min. for 


Reais for unadsorbed phage. Bimultaneously, an- 

other aliquot was titrated for viable bacteria and 

unadsorbed phage plus infective centres on both the 
under and 


; e Staphylococous 
phages’, and in this laboratory with Proteus phages. 


Table 2. Ixverriaation oF Poage 228 wutce Propucms i Daor 


Tnittel consentration L. casei 316 70 x 10°foL 

Initial concentration of 4:5 x 10'/mL 

Multiptelty of infretion o 

Froe after 8-8 x 10°/mL 
oent) 06-7 

Bacteria by infi +) o Vial 

ection on 
a a a aaa aa centres on E easi 310 0 
Unadsorbod phage -+ infective centres on host 
Sormenti 


oontres on L. formentt 
Hl, Gael B16 act Fading progeny 
on 


Results obtained by both methods of phage-typing 
serve to confirm some of the serological relationahipe 
encountered by Sharpe’ and Sharpe and Wheater*. 
Thus L. casei phages 300 and 816 and L. oases var. 
Gants PE EAN ee r e 

rhamnosus and L. planiarum. 


acidophilus group and Sharpe’ found L. brevis and 
L. lactis to share a major antigenic component. It is 
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thus of some interest to note that three L. fermenit 
phages acting on L. brevis strains also produce abortive 
infections in four homofermentative L. acidophilus 
While Sharpe’ has not indicated any 

heterofermenta- 


Ts is too early to decide whether the extended host- 
range obtained for many phages by employing abor- 
tive infection will be desirable when a complete 
phage-typing schame, 
and utility to those i 


Staphylococet, is evolved. for Lactobacilli. 

This work is with the ion of 
Prof. O. L. de Jager, honorary director of the Nutri- 
tion snd Dente] Health Regearch Gro of the 
South African Council for Scientific and Industrial 
Research, 

J. N. COSTYEE 
H. 0. ps KLERK 
T. G. Sacks 


g ecb of Microbiology, 
niversity of Pretoria, 
Pretoria. 


2 Kiuru, V. J. T., and Tybeok, E., Suom. Kemtetlehts, B, 28, 57 (1085). 
s th! Walter, B. L., and Green, L. B., J. Dental Res., 87, 
* Adams, W, H., “Methods in Medical Research’, 8 Book Pub- 
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Association of Pigment with the Cell 
Envelope of Serratia marcescens 
(Chromobacterium prodigiosum) 


igment of the bacterium, 
ocated within the cell 


oro-organiam. 

The ‘Nima’ strain of S. marcescens waa grown at 
27° O. for 18 hr. on casein bydrolysate—yeast extract- 
agar medium’. The pigmented organiams were 

washed several times in distilled water, 


harvested, 
. and then treated for 20 min. in a Raytheon model 


DF 101 somnio oscillator. Whole cells and 

particles were removed from the treated material by 
centrifugation st 4,000 r.pm. for 10 mm. The 
supernate was centrifuged at 10,000 r.p.m. for 20 
min. to collect cell envelope material. After this 


n Me eS a 


cell envelopo material, “the 'acetylhexosamine and 
‘pigment ‘content’ of the various sediments and the 
acid: precipitate was measured. "The preparations 


were lyophilized and 25-mgm. of the dried material , 


utilized for the afialyses. “For hexosamiine-determina- 
tions, the precipitates were treated with lysozyme 
(400 ugm./mgm. dry material) at 37° O.- for 30 min. 
Aoetylhexosamme then was estimated by the Elson 
and Morgan procedure’. Pigment was extracted 
from the dried ‘preparationa by a modification of 
-the alkalne method of Hubbard and Rimington‘, 
and the pigment concentration of the extract 
measured m a Klett-Sumerson colorimeter employ- 
- ing the number. 42 filter. The same treatments also 
were applied to dried, whole-cell preparations. 
- Table 1 presents the resulta of these experiments. 
It is readily seen that the hexosamine and pigment 
values parallel each other. When the hexosamine 
content is low, so_is the amount of pigment, and 
vioo versa. The greatest values are obtained in the 
10,000 T.p.m. sediment. Lysozyme treatment of 
whole oells released some hexosamine, but the 
amount was almost doubled in the 10,000 r.p.m. 
material: Similar experimenta carried out with 
colourless cells grown at 38° O. also demonstrated 
that the greatest concentration of hexosamine was 
present in the 10,000 r.p.m. sediment. Electron 


microscopy of thé 10,000 r.p.m. fraction showed that ` 


the material consisted of many oell envelopes and 
unidentifiable cell debris with only a very occasional 
whole cell. 








ee en ee hexosamine, 
as agm.jmgm. dry material. 


The results suggest that hexosamine and pigment 
are present in the same celular structure. ‘This 
structure is released by rupture of the cell, and can 
be collected in greatest quantity in the 10,000 r.p.m. 
sediment. The cell envelope is euch a structure. 
It has been repeatedly established that the ocell 
envelope contains acetylhexoaamime, which can be 
released by lysozyme treatment'.*. The fact that the 
cell fraction cantainmg the greatest concentration of 
aoctyIhexosamine also contains the most pigment 
suggests strongly the association of the two subatances 
with the cell envelope. The electron microscopic 
pictures support this conclumon. Additional experi- 
ments in which cell envelopes were prepared by the 

ures of Salton and Horne’ and Kandler eè al.* 

ve confirmed that the pigment is associated with 

eal envelope material. pic examination 

of. the 10,000 r.p.m. sediment and ocell envelope 

i tions demonstrated the absence of nuoleic 

acid or other material absorbing at 260 mp. As 

pointed out by Work’, lack of these substances is 
Ghasactariatia of purified cell envelopes. 

Few investigations have been carried out to determ- 
ine the intracellular location of bacterial pigments. 
Salton!" kas describéd the pigment cf 
rubrum as being in the cell wall ;. but Hickman and 
Frenkel" doubt this observation. The latter investi- 
gators suggest that the observation was based upon 
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‘an incomplete removal of protoplasamio constituenta 
«from ocell wall fragments. Recently, Mathews and 
Sistrom' have localized the carotenoid pigment of 
Saroina lutea in the cell or plasma membrane which, 
together with the cell wall, forms the cell envelope. 


-Their evidence was based on visual and spectro- 


photometric examination of purified cell wall material, 
cee lysozyme preparations of whole ocells, and on 

è enzyme content of disrupted cell fractions. From 
the resulta we have presented, we cannot determme 
whether the pigment is located in the plasma mem- 
brane or wall portion of the cell envelope. However, 
the fact that lysozyme treatment of whole cells 
results in the release of a clear supernate containing 
hexosamine suggests that the pigment might be 
located in the cell or plasma membrane. 

This investigation was supported by research grant 
#-670 from the National Institutes of Health, U.S. 
Pubho Health Service, and a post-doctorate fellow- 
ship in the Department of Microbiology (M. P.). We’ 
wish to thank Dr. J. O. Hampton of the Department 
of Anatomy for assistance in the electron microscopy. ` 

Mina PUREKAYASTHA 
R. P. WLrU i 


Department of Microbiology, 
Baylor University College of Medicine, 
Houston 25, Texas. 
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Expression of Concentrations of Solutions 


Ir is becoming customary, in the descriptions of 
histochemical methods, to express the concentration 
of solutions in terms not of percentage but of molarity. 
Thus, in one method, it is stated that a 0:004-M 
solution of lead nitrate should be used. Having 
eventually found a list of atomic weights and the 
formula of lead nitrate (it has, according to two text- 
books, no water of crystallization) and then double- 
checked my addition, I discovered that in 100 ml. of 
distilled water I should dissolve 107-7 mgm. of lead 
nitrate. 

But did the author use, as I obviously now do, a 
0-1 per cent (0:003733 M) solution ? If so, the term 
0-004 M is inaccurate, time wasting and an example 
of scientific mmobbery. 

Surely it would prevent wasted effort and occasional 
inaccuracies if concentrations of solutions were 
expreseed in terms not merely of molarity but also 
of percentage, particularly where the caleulation of 
the percentage may prove troublesome. 


E. H. Laace 


University Laboratory of Physiology, 
Oxford. 
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DEPARTMENT of Science end ‘Technology mo 
the Federal Government of the United States, 
headed by @ cabinet secretary and responsible for e 


of such scientific standing as Dr. L. V. Berkner and 
Dr. W. R. Brode. Early in January 1960, these 
proposals were discussed by a group which eluded 
Dr. Berkner, Prof. A. H. Dupre, Mr. D. K. Price, Mr. 
Deel Wolfle and three others. The group agreed in 
advance to concentrate on the reasons for con- 
‘sidering such a department, the alternative forms it 
might” take, and their probable consequences for 
poience and engineering, and for the ability of the 
Federal Government to carry out its responsibilities 
in thee fields. 

The report based on these discussions which Mr. 
Wolfio was asked to and which has been 
` published in Sotence of May 18 (131, 1407; 1960) has 
thus an interest for scientists and technologists 
* generally and not simply for those concerned with 
the relations between government and science in the 
United States. It makes a genuine sttempi to 
arrive at first principles, and the Group’s findings 
and comments have considerable relevance to the 
functions of the Minister for Science in Britain and 
the organisation for which he is responsible. The 
arguments in favour of a Department of Science and 
Technology are carefully examined, the implications 
are indicated, and sound criteria are defined which 
can be applied to any changes in the structure by 
which scientific advice is brought to bear on problems 
of government, no leas in Great Britain than in the 
. United States. 

The first major criterion for judging an organiza- 
tion is ita ability to get the aasigned jobs done as well 
as poasible, and here the American Group clearly has 
grave reservations as to how far the proposed Depart- 
ment would offer advantages over the existing 
arrangements. It does not sccept the view that 
complete elimination of duplication is a valid 
objective, nor does it consider that oo-ordmation ig 
necessarily more effective through a single depart- 
ment, as againsh proper communication between a 
number of independent departments BHfficient 
organization, is essential, and this applies to any such 
new department and to existing departmenta or 
agencies the activities of which require co-ordination. 
Both principles are to be kept clearly in mind in con- 
sidering the activities and interrelations for which 
the Mmister for Science is responsible and also for 
some, like those in the fields of defence and of 
education, for which direct responsibility lies else- 
where. Ib is, in fact, precisely because some recent 
developments have raised ditibts as to the operational 
effectiveness of the Defence Research Policy Oom- 
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SCIENTIST AND. TECHNOLOGIST IN ADMINISTRATION ` 


PEE E ERE PANETT attache 
technological education under the control of the 
Minister of Education and the local authorities, that 
changes have been suggested for, Britain. : 

Again, the Group rejects the argument that estab- 
lishment of a Department of Sciense and Technology 
would increase financial support for such activities. 
Such support from public funds, it is rightly pomted 
out, must come from an increase m public under- 
standing, though the Group accepts as probably 
sound, though not compelling, the argiment that 
establishment of such a Department would enhance 
the status of science and technology as a government 
activity. Here again much depends on effective 
publio relations, and it seems probable that if the 
existing official research councils in Britain are 
adequately financed and their activities effectively 
interpreted to the general public, the Mimister for 
Science should be able to command sufficient public 
attention and prestige for the activities for which he ` 
is responsible, That undoubtedly comes first, for 
immediately science begins to affect policy, public 
understanding is imperative. 

This a clearly enough from’ .the fourth 
criteria which the Group applies to the organization 
of scientific and technological activity—a capacity to 
promote the development of sound policy. Scientific 
and technical activities constitute one of the elements 
that must be considered in many aspects of broad 
national policy. At some point in the structure of 
government there must be means for bringing all the 
poientific and technological threads together, both 
from the point of view of establishing policy for 
research and development agencies and from that of 
the contributions these agencies make to national 
policy. 

The Group is emphatic that guidance of policy 
should not mean centralized direction of the work of 
individual scientists, though it points out that 
research is not wholly a matter of individual decisions. 
With the increasing cost of equipment and facilities, 
it becomes & matter of general policy to decide what 
new facilities can be afforded, which are likely to 
make the greatest contributions to science, and which 


-to the attainment of other national objectives. From 


this aspect of policy-making—the provision broadly 
for the advancement of science and its practical 
applications—arises the debate aa to how far Britain 
should engage in space research or nuclear physics 
research, and the scale of any such. effort relative to 
that, for example, in biochemistry or medical research. 

This is-the first class of policy problems which the 
Group distinguishes. The next comprises the oon- 
tributions thas scientific and technical knowledge can 
make to the solution of other national problems. In 
ilustration th report quotes the ability to detect 
nuclear explosions, and the bearing of this ability on 
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docisions concerning disarmament and inspection. A 
third class includes the influence of national needs on 
science and technology. Political, military and 
economic needs all help to determine the emphasis 
given to different technological areas and even to 
different flelds of research. 

- The report argues that whoever has responsibility 
for making decisions on these mter-related issues 
must have opportunity and authority to review the 
entire research and development effort of the nation, 
and to give due consideration to other iasues of 
policy ; the fundamental question before the Group 
was whether the proposed Department would provide 
the means for this, and even ensure a drastic improve- 
ment in the capacity of the Federal Government to 
cope with scientific and technical problems. Wrth 
this m mind, the reporte sete forth the alternative 
possibilities. It rejects as unworthy of serious con- 
sideration any proposal that all the reeearch and 
development activities of the U.8. Government shall 
be brought together m one Department. Scientific 
and engineering activities that are intimately related 
to the operating responsibilities of an agency belong 
to that agenoy: research on milmary problema, for 
example, cannot wisely be divorced from the Depart- 
ment of Defence. Again, science and technological 
development have so much in common and benefit 
so much from each other, in any particular area, such 
as nuclear energy, that the two should remain under 
the same administrative direction. 

These two principles appear to have been recog- 
nized in at least some of the proposals advanced m 
the United States. Dr. Berkner, for axample, excluded 
research and development activities which are an 
integral part of the agencies in which they are at 
present located—for example, the Departments of 
Agriculture and Defence—as well as agencies which 
are primarily responsible by supporting research 
carried out by others. He would also exclude inde- 
pendent agencies that are already strong and oom- 
mand firm support, such as the Atomic Energy 
Commission and the National Aeronautics and Space 
Admumistration. In the United States this would 
leave a group of scientific and technical bureaux 
which Dr. Berkner believes could be moved without 
detriment to the departments ın which they sre 
already located, though there is no obvious title for 
the new amgle Department. The mam advantage 
would be that, through the closer contact thus estab- 
lished, the scientrfic and research activities would be 
stimulated and the new Department could be given 
responsibility for the development of new scientific 
activities. A Department devoted wholly to scientific 
and technical activities would, he suggests, be more 
likely to be on the alert to identify areas that need 
special emphasis, and more eage> to secure the 
feourties that are required. 

The proposal was not accepted without modification 
by the Group. The report that Mr. D. Wolfie has 
compiled, while agreeing about certain exclusions, 
suggests that the National Aeronautics and Space 
Administration should be included, and possibly also 
the National Science Foundation. None of the pro- 
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posals for a Department of Science and Technology 
waa regarded as entirely satisfactory, though each 
helps to reveal deficiencies in the adminis- 
trative structure. Dr. W. R. Brode’s proposal for a 
Department of Science, for example, while accepting 
the general principle that scientrflo activities essential 
to the work of an operating agency should be left m 
that agency, is deaigned to correct the tendency for 
authority to engage in basic research m flelds that , 
underlie an agency’s operating responsibilrties, thus,- 
supporting an unnecessarily wide range of scientific . 
activities. This was the substance of some serious 
criticism in Britem of Admiralty research advanced 
in reports from the Select Committee on Estimates. 
Dr. Brode’s Department of Science, while not re- 
moving from agencies such as Defence and Agriculture 
the research programmes specific to their mimons, 
would meolude all major segmente of scence not 
specifically partment to those missions. 

Even with the sound principles endorsed by this 
report, the real difficulties lie in deciding where to 
draw the line, and in finding the balance of advan- 
tages and disadvantages in any change of organiza- 
tion. The Group recognizes very clearly, for example, 
the value of having alternative means of allocatimg - 
funds, particularly in fundamental research, as well 
ag the difficult decisions which have to be taken about 
entering new fields. Here, however, ite major emphaa& 
is on the need to watch for new developmenta, 
and, whether or not a Department of Science and 
Technology is established, the report stresses the 
urgency of achievmg greater competency for looking 
ahead to identify and develop those areas of research 
that are not yet the responsibilty of one of the 
applied science agencies but that appear likely to 
produce major advances and applications m return 
for special support. It might well have been added 
that closely allied is the no leas difficult problem of 
deciding when, to discontinue such support and where 
the responsibility for continuance or discontmuance 
should lie. 

There is little in all this to pomt to any need for 
basic changes mm the present structure of Britain’s 
organization for securing that due account us taken 
both of scientific and technical factors in the makmg 
of pohoy and for securing effective co-ordmation of 
such activities and reasonable allocation of resources 
for such purposes. Broadly speakmg, that is the 
purpose of the creation of a Ministry for Science, and 
the report provides substantial reasons for doubting 
whether that purpose will be better achieved by giving 
the Minister more executive responsibilities m fields 
which lie outside his present responmbilities, but not 
his interest, as in defence research. More is likely to 
be achieved by strengthening the informal links 
which at present exist, as between the Advisory 
Council for Scientific Policy and the Defence Research 
Advisory Committee, for example, between the 
several research councils themselves and between 
them and the universities and industry, and also by 
positive measures, through the Parliamentary and 
Scientific Commuttee and m other ways. In this way 
m may be possible to create an informed public 
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opinion prepared to provide and maintain the neces- 
sary support, competent at least within certain sections 


to criticize soundly, and one which also sufficiently 


recognizes the value and significance of science in 
Government to ensure thas the question of status no 
longer arises. 

There are, however, major considerations in this 
matter of determining overall scientific policy to 
which the American report directa attention. The 
limita within which existing or now means of pre- 
senting soientifio or technological advice can function 
must also be recognized. Scientific and technological 
factors are only one element, even if an important 
one and on occasion the deciding factor in determining 
national policy. There are financial, economic, social 
and other factors to be considered, and in this the 
political element—and frequently the party political 
element—enters and cannot be excluded. For this 
reason, aa the report points out, m the United States 
the centre of responsibility for policy must be close 
to the President, and this would be unaffected by the 
creation of any new Department of Science and 
Technology. 

What matters is that for the Office of the President 
to porsees the competence to exercise that role wisely, 
ita staff must include men who are highly skilled m 
the management of scientific affairs, and who can 
relate scientific matters to all the other considerations 
that are involved in major decisions on policy. In 
this connexion it should be noted that the Group 
stresses the distinction between the position of 
Special Assistant to the President for Science and 
Teobnology and that of the Chairman of the Science 
Advisory Committee. Even though the two positions 
may be held by the same man, they are quite distinct. 
The Committee and its chairman should very properly 
place first emphasis in their thinking on the scientific 
and technological needs of the nation and the national 
implications of scientiflo and technological develop- 
ments, and should be free to criticize established or 
proposed policy if damage to the nation’s research 
and development programme is foreseen. In con- 
trast, the Special Assistant is pert of the Presidency, 
and must always subjugate specifloally scientific or 
technological factors to the total of those involved in 
making a political demsion—thaé is, a decision on 
policy. “Whether the chairman and the Special 
Assistant are the same man or different men, the 
President needs the best scientific and engineering 
advice available, and thus needs an Assistant for 
Science and Technology who can help him to weigh, 
judge, incorporate, and perhaps override that advice 
in establishing national policy.” 

The significance of this observation is obvious. In 
Britain, the Minister for Science provides the appro- 
priate means for performing for the Prime Minister 
and in the Cabinet this latter function of the Presi- 
dent’s Special Assistant for Science and Technology, 
and it appears to reet with him also to see that 
through the Advisory Council for Scientific Policy 
and im other ways he is provided with the advice he 
needs for domg so. There appears to be no reason 
to doubt the adequacy of existing arrangements in 
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Britain; but in the Unitdéd States there deems to be 
room for i À in tHe Federal Oounoil for 
Science and Technology, and the Group appears to 
have had the personal factor more particularly ‘in 
mind. So far as Britain is concerned, it would be 
difficult to suggest anyone better qualified than the 
present Minister for Science for presenting scientific 
and technological factors at ministerial level. Far 
more important at this level than scientific training 
is the ability to appreciate a situation as a whole, to 
work effectively with others and to present the 
scientific and technical issues clearly and relevantly. 
It is rather at the level of the advisory committess 
and councils and at the administrative level m the 
departments that the question of scientific trammg 

The American report commends for consideration 
the idea of having within each department an 
agsistand secretary, or officer of similar senior rank, 
responsible for all research and development 
activities, and of using these officers as a strong 
co-ordinating council. Whether such a step would 
offer any advantage in Britam may be questioned. 
It would obviously tend to overlap the work of some 
of the existing advisory committees and councils and 
possibly to blur responsibilities and functions. Much 
more important seem to be the quality and the 
training of administrators in such poste, and the 
quality of the membership of the advisory councils 
and committeea. This last in turn is linked to the 
question of status. Maen of outstanding ability and 
experience and judgment will not be found to serve 
upon. them unless the work is seen to be effective 
and their representations are treated with respect, 
even when in particular situations other factors may 
lead to their advice being over-ridden. 

On the first problem, however, the question 
whether scientists rather than administrators as such 
should occupy more of the key posta in departments 
concerned with research and development merits 
more examination than the Government has been 
disposed to give it. Whether or not such an adminis- 
trator is primarily a scientist, it is undeniable that it 
is increasingly impossible for him to be effective 
unless he has received sufficient scientific traming 
and acquired sufficient scientific knowledge to 
appreciate the relevance and significance of the 
scientific or technical advice presented to him. 
Administrative ability is the prmmary criteria, but 
much more could well be done in the Civil Service to 
ensure that for scientists and technologists with the 
essential administrative flair there is full opportunity 
to rise to the highest poste. It does not speak well 
for the Government’s handling of present conditions 
that there should be signs of such obvious discantant 
as the simultaneous day’s leave taken by eight 
hundred of the scientific staff at Harwell last March, 
or the protests voiced at the recent annual conference 
of the Institution of Civil Servante. 

It is true that, as a long article, ‘Scientists versus 
Administrators: an Approach towards Achieving 
Great Understanding’, by Mr. Z. M. T. Tarkowski 
and Miss A. V. Turnbull in Public Administration 
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last autumn shows, the Treasury is now giving some 
attention to this question, and residential conferences 
for senior scientists and administrators on organiza- 
tion and, management have been arranged in the 
Civil Service for some years in which administrators, 
scientists and professional staff have been mred in 
about equal proportion. The promotion of such 
understanding, lke the promotion of effective co- 
.operation and co-ordination, is, however, largely a 
matter of providing appropriate condrtions, and it 
might well be worth while for Lord Hailsham to 
give some attention to this aspect and to the removal 
of the obstacles to which attention is directed in this 
article, particularly perhaps to the provision of 
facilities for scientists to obtain administrative 
training and experience. 


NULLIUS IN VERBA 


The Beginning of the Royal Society i 
E a a Pp. 16 +2 
(Oxford : Clarendon Press ; London : Oxford 


mee ee 1960.) 28s. net. 
The Royal Soc! 

Ite Origins and Founders. Edited by Sir Harold 
Hartley. Pp. ix+275+29 plates. (London: The 


Royal Society, 1960.) 388.; 6 dollars. 


A Brlef History of the Royal Society 
By Prof. E. N. da O. Andrade. Pp. iii+28+14 plates. 
(London: The Royal Society, 1960.) 10s. 6d.; 2 dollars. 


Oa ee eee 
tions for celebratmg the of th 
foundation of “a Colledge fe eee the promoting of 
phyxico-mathematicall learning” which 
in 1662 became the Royal Socievy has been the flood 
of articles on the history of abmogt every sepect of 
this great enterprise and of those activities which 
wore afterwards associated with it. To the three works 
will mghtly ‘bos ae tercentenary celebrations there 
y a a special importance, To 
“The Beginning of the Royal Society”, which alone 
of the three does not carry the Society's imprint, 
there may also be attached a certain pe 
since it unambiguously aserte wha 
Founderg” impliextly denies, namely, that the Roni 
Society ‘began’ in Oxford. Though the adoption of an 
‘official’ version would be wholly at variance with the 
spirit of the Royal Society, it is the case that three 
of the four histories of the Society written by its 
offcers—Birch, Weld, and Lyons—all adopted the 
statement of Wallis agamst Spratt (the fourth) that 
the Society's “fest ground and foundstion” waa in 
London. The authors of this “agonizing reappraisal”, 
m claiming that Sprat “speaks with the voice 
of the contemporary [1665] Royal Society”, do not 
add that Sprot himself freely admitted that tho 
“objections and ocavila” the Society had 
compelled him to write of it “not altogether m the 
way of a plain history but sometimes of apology”. 
The “voice” of the pro i i 
or corporation at a critical moment of ite existenoe— 
is scarcely likely to be an mfallible guide in the estab- 
liahment of historical truth. In support of their 
thesis the suthors have sesembled a great deal of 
Sheet Oxford bof the activities of the ‘philoso- 
phers’ at Oxford before 1660. To me it seems regret- 
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table that this umpreserve picture of the high signific- 
anoe of Oxford in the growth of the idea which finally 
DO ee ee K ee 
geroa presented claim that the Society 


Tooni '’ wrote A. N. Whitehead, “lio dormant 
for ages, and then almost suddenly, as it were, 
mankind finds that they have embodied theryselves 
in institutions.” To me it is the great ™ of 
Prof. D. McKie’s long ‘leadmg’ article on “Q7, gms 
and Foundation” that it reveals the Royal Society 
as the embodment of a thought which had 1 Yegin- 
ning, but whose emergence m seventeenth-century 
England was the final act of a process discernible 
under various forma in the previous two cantunes. 
The almost “sudden embodiment” waa due to a 
combination of the genius and devotion of a few 
individuals and a A ea historical situstion. The 
latter, m Prof. e’s judgment, was the influx 
into London of several mfluential Royalists (such as 
Viscount Brouncker and Sir Robert Moray) with a 
taste and aptitude for “natural philosophy’; the 
deployment of the former is the concern of the rest 
of this admirable volume. Of the twenty-one 
biographies included twelve are those of the men 

whose recorded decision is the only indisputable 
‘beginning’ of the Royal Society (John Wilkins, 
Jonathan, Goddard, William Petty, 
Wren, Laurence Rooke, Robert Boyle, 
Brouncker, Paul Neile, William Ball, Abraham Hill, 
Robert Moray, and Alexander Bruce). The remainder 
are of men who, though absent from that decisive 
meeting, were from a very early date associated in the 
most intimate manner with the Society's well-being : 
Jobn Wallis, though an infrequent attender at 
meetings, of international renown and a scholar of 


complementary talenta and devotion the “‘first fine 
frenzy’? might have evaporated ; and John Evelyn, 


associated with the Society, but their importance for 
the understanding of the climate of opinion of the 
times fully justifies ther inclusion. There is no space 
even to name the authors of these biographies, let 
alone to touch on their several merits. For the sus- 
tamed enthusiaam which must have been brought 
to the task—evidently far greater than usually falla 
to the editor of such a sym Republic of 
Letters will owe a debt to Sir Harold 
Hartley : it will be best discharged by following the 
advice of the printer of Copernicus—eme, lege, fruere. 

Prof. Andrade’s booklet falls into a somewhat 
different category. His aim is to present a portrait 
ee ee at 
the advancement dissemination of natural 
knowledge ; panes of State control, but ready 
to enlist State aid for projects likely to promote those 
ends. Since the life of an organism is determined 
by ite mode of growth, Prof. Andrade haa drawn 
freely on his great knowledge of the commanding 
figures of the past; but simce no chronological 
sc hg AEE = e gp 


achievement could scarcely have been bettered. 
Wiuiran P. D. Wightman 
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“An Introduction, to Genetics 

‘By Dr. O. 5 M Begg. (Biological Boience Texts.) 
Pp. xi+29 (London: The English Universities 
Preas, Ltd., 980) 35s. not. 


J is a valuable addition to i 
ks on genetics, suitable for 
‘nit Ze tho roador with some knowledge of biology. 
a wide range, from formal genetics, popula- 
gud ovol onay shouky to dhe Podha. 
eae ea E AN It is attractively produced, 
easy to read and lavishly illustrated with large, clear 
Se ee he eee 
Ti is & meeeure of the rapidity of growth in genstios 
that the chemical structure of nucleic acids in the 
chromosomes cen now be discussed in an elementary 
text-book of genetics, and Dr. Peug ia 1o bo copata: 
lated on discussing this and other 
are not yet fully understood, and ma PE A 
a a ee as eee This is 
always exciting and provoking m an introductory 
book. It is therefore surprising that he should havé 
avoided a fuller discussion of the structure of the 
genetic unit and the nature of mutation and left the 
reader high and dry over the interrelationship of 
deoxyribonucleic acid and ribonucleic acid. It is 
nowhere made clear that ribonucleic acid is found 
both in the nucleus and nor that proteins 
always occur with the deoxyribonucleic aci 
chromosomes. This makes it difficult for the reader 
to effect a synthesis between the first and last 
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a A E A E 
the beginner astray, for example an extra sign Teqnined. 
has appeared in Fig. 97, ssa to Po hoped ha tko 
problems posed in the references in the 
are not an introduction to the stated ger 
with solutions, which follow. 

It is a pity that small points of editing should have 
been allowed to mar an otherwise useful book, a 
book in which a great deal of effort has been made to 
use genetic examples from man and to emphasize 
that genetics is of interest to us all. 

Wisma Grorar 


IDENTIFICATION OF BLOOD- 
; GROUP ANTIGENS 


The Antl-Globulin (Coombs) Test In Laboratory 
Practice 

By Dr. I. Dunaford and Jean Grant. Pp. xiii+120. 

(Edinburgh and London: Oliver and Boyd, Ltd., 

1959.) 12s. 6d. net. 


HE antiglobulin test of Coombe introduced in 

1945 was, in fact, a rediscovery, for so long ago as 
1908 ita primoiples were worked out by O. Moreschi, 
an Italian. Dr. Coombs was unaware of this-when he 
introduced his test, but later he duly acknowledged 
Moreschi’s work. The test, as devised by Coombs, 
Mourant and Race in 1945, is now very extensive 
used both in routine investigations and in 
work. 

Many important and substantial advances in blood 
group serology, that is, the identifloation of blood- 
group antigens in the ocells, and isoantibodies in the 
serum (ar plasma), would not have been possible 
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without the Coombs antiglobulin test. In selecting 
blood for transfusion the Coombe test is quite the 
most reliable compatibility test thus- far devised. 
This test has also proved to be extremely useful as & 
research instrument and, in particular, has ved 
alabis Ara Ae co E bores INAT ta ob 
hemolytic anæmias. This book, written by two 
experienced reflects the experience generally 
not only of the Oxford and Sheffield regional trans- 
fusion laboratories but, also, that of other transfu- 
sion laboratories. It gives an informative account 
of the Coombs test, the preparation of antiglobulin 
sera, the applications of the test, and there is a 
comprehensive list of references for those who wish 
to read further on the subject. Certainly this book 
will be vary useful to every pathologist and technician 


- who operates a blood bank. 


A suitable acoount of antigens and antibodies is 
given, their detection by the Coombs test, and the 
serological basis of this test. The production, pro- 

i and standardization of anti-human-globulin 
sera, behaviour of such sera in testa, the technique 
and applications of the Coombe test, and the various 
mags which may arise,.are all tly dealt 
with. The authors point out that antiglobulin sera 
prepared by heating or by dilution may be adversely 
affected in that they may be suitable only for detection 
of y-globulin coatings. The application of Coombs’s 
test in flelds other than blood-group serology, for 
example in bacteriology, forensio medicine, hemo- 
lytic disease’ in animals, eto., are i but 

adequately dealt with. This is a useful little book, 

compact and concise, and it is to be hoped it 

wl bo kapi ro in fre lnm wh wil may bo 
R. Dauxatonp 


EVOLUTION OF MODERN 
.. EDUCATION 


Studies In the History of Education 1780-1870 
By Brian Simon. Pp. 3754+% plates. (London : 
Lawrence and Wishart, 1960.) 387s. 6d. net. 

HE history of education often lends itself well to a 

Marxist analysis, and in the case of Mr. Simon's 
book it has undoubtedly helped to throw fresh light 
on British social developments in the nineteenth 
oentury. What makes this approach exasperating 88 
well as rewarding is its tendency to straight-jaoket 
the material, thereby first illuminating it and then 
obscuring it—the former by catching it in a sharp 
focus, the latter by distorting it to fit into a partial 
pattern of vision. 

During 1780-1870 there was indisputably a vast 
social change, in relationship to which educational 
principle and practice stood as both cause and effect. 
Political and economic power shifted from the land- 
owning to the be Whig magnates and then, 
in step with technol diag EERE 
prosperous middl This was reflected first in 
the attack of the Philosophical Radioals on the former 
establishment in Church and State up to 1832, and 
secondly in the building up of social institutions in 
favour of the liberal interest after that date and 

inst the extension of full human rights as yet to 
the rest of the . A trifle tedious in connexion 
with the first of these phenomena, Mr. Simon’s writing 
seems to catch fire as in Chapters 4 and 5 he describes 
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the reaponse educationally of the still ted 
section of the nation. Particularly good are his 
- portrait of William Lovett as an educationist and 
his definition of the links between the educational 
` and more broadly political aspirations of the Chartiste. 

The following passage on page 238 reveals both the 
strength and the weakness of the author's arguments : 
he quotes from the Northern Star (1848) a rebuke by 
rie workers to those who in their eyes had betrayed 

em : 

“In our day, the Educationists are still what they 
were in Cobbett’s time—the pretended friends, but 
the real enemies of the people... Ah gentlemen, 
we see through your craft... You would educate 
us, not, as you sometimes pretend, to fit us for the 
exercise of political rights, but to make us indifferent 
to those rights. And you call yourselves ‘Philosophical 
Radicale’.” 

“This uncompromising statement,” comments 
Mr. Simon, “epitomises the reaction of the most 
advanced section of the working class to the edu- 
vational tactics of the bourgeoisie.’ The author’s 
strength lies in his belief in and capacity for using a 
partial point of view in order to mvest & series of 
historical evente with meaning: his weakness lies 

_in a too doctrinaire use of the viewpoint. Such a 
phrase as ‘the educational tactios of the bourgeoime’ 
implies'the ascription of far too conscious and unitary 
motives to what was a non-homogeneous and changing 
stratum of society. It merely serves to conceal the 
more difficult truth that, as Homyakov expressed it, 
“Only that is conservative which moves forward, and 
only that is progressive which dos not break with the 
past”. Mr. Simon’s carefully documented book with 
ite tellmg illustrations should help perceptive students 
of English nineteenth-oentury educational history to 
assimilate that paradox. JAMES L. HENDERSON 


NUCLEAR MAGNETIC RESONANCE 


High-resolution Nuclear Magnetic Resonance 
By J. A. Pople, W. G. Schneider and H. J. Bernstein. 
(McGraw-Hill Series in Advanced Chemistry.) Pp. 
xii+ 50l. (London: McGraw-Hill Publishing Com- 
pany, Ltd., 1959.) 104s. 6d. . 
As some stage in the development of abnost every 
specialized physical technique of chemistry there 
haa appeared a text-book which has ultimately become 
recognized as a standard work on the subject. Such 
books play a very important part in the practice of 
chemistry because they Invariably provide a conven- 
ient source from which the underlymg principles of 
the subject to which they pertain can be mastered. 
It is therefore most fortunate that the technique of 
high-resolution nuclear magnetic resonance, which is 
so obviously destined to be of major importance in 
chemistry, has acquired a standard text so early in 
ita history, for certainly “High-resolution Nuclear 
Magnetic Resonance’ will admirably fill this 
role 


This book is the result of a fruitful collaboration of 
a thoeoretician and practical spectroscopista, and as 
such providea a well-balanced Fear of poe 
theory, experimental technique, an practical applica- 
tions. The first part of the book, entitled ‘‘Principles”’, 
deals with theory and ite relation to experiment, and 
includes brief, but sufficient, descriptions of actual 
spectrometers. An elementary knowledge of quantum 
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mechanics is assumed and on this basis 
the principles of the subject are developed concisely 
and with considerable’ olarity. The only serious. 
criticism of Part 1 concerns the generalization made 
in section 4-8 to the effect that the preferred method 
of standardizing spectra uses an external reference. - 
Even in 1968 it was more or less recognized that 
suitable internal references offer considerable advan- 


Part 2 deals with the complete range of applicdtions 
of high-resolrtion nuclear iro be resonance to 
chemical problems. As the book contains compara- 
tively few references after the first six months of 
1958 the real power of proton spectroscopy is not 
fully mdicated. Indeed, it might be argued that the 
two parte of the book should have been published as 


separate volumes on the grounds that the contents of 
- Part 2 cannot possibly remain, representative of the 


subject for more than one or two years, and that 
many private might have been glad of 
obtaining Part 1 at a reduced price. Nevertheless, the 
later chapters of the book contain much which will 
be of conmderable interest and help to both the expert 
and uninitwied reader. 

Such criticisms as have been made above are of 
minor signi compared with the stimulus 
which this book is already giving to a rapidly expand- 
ing subject. Certainly every worker in the feld of 
nuclear magnetic resonance will need to know and 
use this book, and those in other disciplines will 
consult ıt on numerous occasions. Finally, whe 
authors and publishers are to be congratulated on the 
uniformity and excellence of the presentation. 

L. Mv JACKMAN 


PRINCIPLES AND PRACTICE OF 
TELEVISION ENGINEERING 


Television Engineering 
Principles and Practice. By 8. W. Amos and D. O. 
Birkinshaw. (B.B.O. i Training Manuals.) 
Vol 1: tals, Camera Tubes, Television 
Optios, Electron Optics (written in collaboration with 
J. L. Bliss). Pp. 302 (1858). 30s. net. Vol. 2: 
Video-Frequensy Am: tion. Pp. 270 + 6 plates 
(1956). 358. net. ol. 3: Wave-form Generation. 
Pp. 226 (1957). 308. net. Vol. 4: General Circuit 
Techniques. Pp. 268 (1958). 858. net. (London : 
Ilifo and Sons, Ltd.; New York: Philosophical 
Library.) 

HESE four volumes form a comprehensive guide 

to the princrples and practice of television engin- 
eering produced by authors who have actively partici- 
pated m the development of the B.B.C. television 
services for many years past. The series has been 
produced from text-books prepered primarily for 
struction of the Corporation’s own staff, and they 
are now made available for a wider technical- 

lic. . 
P first volume deals with the fundamental 
principles of converting a visual scene into electrical 
signals for transmision to a distant receiver. Con- 
siderable space is given to a description of the various 
types of television camera tubes, and a discussion 
of the principles of the transmision of light by lenses 
and miror, and of the analogous problems en- 
countered m electron optics. Volume 2 18 devoted 
to video-frequency amplification at both high and 
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low frequencies, with some reference to the sources 
„and. nature of nome seasociated with camera-head 
amplifiers. ` “In thiş case, the text is rather more 
-mathematical than in, “the first volume,; -but a. wide 
variety of circuits is -doscribed, including the -une of 
- feedback- Numerigal examples are given to illustrate 
the apphoation ‘to _ cal equipment. ` 

A somewhat similar presentation is adopted in the 
third volume, which covers the subject of wave-form 
generation. for television transmission. Separate 
parts of this book are devoted to the production 
of waves of sine, rectangular, sawtooth and parabolic 
form, with details of the various types of valves and 
circuits, -suitable for these. The multi-vibrator, in 
one or other of ite different forms, naturally plays a” 
large part in this technique as applied to the reception - 

, and analysis of television signals. 

The fourth.and last volume of this comprehensivé® 
work deals with a wide range of circuit techniques, 
many of which are applicable to the general field of 

` electronicos aa well as to television engineering. Among 

‘ the techniques treated are counter circuits, frequency 
“dividers, direct current pee ge and restoration, 
and amplifiers, delay lines equalizers. Some of 
these subjects require a mathematical treatment but, 
in order to facilitate the presentation of the text, 
many of the mathematical derivations are given in 
appendixes to the individual 

Altogether these four volumes form & , most valuable 
aid to those engaged in the science and application of 
the generation and use of television signals, and allied 
fields of electronics. The texts are very clear through- 
out and well. illustrated by graphs and schematic 
cirouit diagrams. The production of the volumes is pf 
& high standard and is a credit to the publishers as- 
well as to the technical staff of the British Broadcast- 
ing Corporation. The work can be confidently recom- 
mended as a guide to cirouit designers, as a training 
manual to lecturers and as a general work of reference 
tothe radio and electranice a 

. Surre-Roen” 


UNIFICATION OF ANALYTICAL 
APPROACHES TO ENGINEERING 
‘PROBLEMS 


., Engineering Systems Analysis 

.By Prof. Robert L. Sutherland. (Addison-Wesley 
Series in Instrumentation and Control.) Pp. xii+ 223. 
(Reading, Maas.: Addison-Wesley Publishing Com- 
` pany, Ino. ; London: Academic Books, Ltd, 1958.) 
60s. 


HE unifloation of the analytical approach to 
engineering problems is an ideal which is some- 
times attempted in advanced texts on oertain branches 
of engineering science. It is not, however, very 
. commonly attempted in text-books for under- 
. graduates. Clearly there is a major difficulty m 


limiting the scope of such a work and in sel the 
ESAR included. It 1s, therefore, perti ty 
ering to ind an madorgrudaatn fi bok unde 


sering Systems Analysis’. 

Phe baa Gene eR a aces. OF teas Sia 
mechanical analogies and then proceeds to a oon- 
sideration of mechanical vibrating systems.: This is 
followed “by a chapter on oscillations in. electrical 
_ networks. <A segtion d more é with 
sy naeniceheyeare. develope e method of treatment 
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for mixed systeme with electrical and mechanical 

components and explains the use of dimensicnless 

ratios. Dimensional analysis is. then -reeted: in: 
considerable detail and its application i illustrated by, 
` examples in the field of hydro-dynamios. Thereafter 

follows s gection on the principles of feedback and 

control-and the book concludes with a chapter on 

analogue and digital computing. machines. 

With such a wide coverage it might be thought that 
the treatment would be too superficial to be of real 
value. In fact the author has succeeded in dealing 
with a selection of fundamental topics in quite 
sufficient depth and at the same time m-producing s 
coherent whole. This has in large measure been 
achieved by the judicious selection of his illustrations. 

_It would appear from the author’s preface that this 
ee eee 
berig developed in universities im the United 
Staten. + 18 & little difficult to see’ precisely where 
this book would fit into the structure of most British 
undergraduate courses in engineering. None the less, 
the unifibation of treatment which is achieved 1s 
80 ing of intrinsic value which merits the atten- 
tion of;-undergraduates, and the book can certainly be 
commended as basic reading for hoth mechanical and 
electrical i The standard of mathematics 
involved should be well within the competence of the 

British undergraduate in his second year. 

J. GREXG 


RUBBER TECHNOLOGY 


Introduction to Rubber Technology 
Edited by Maurice Morton. Pp. v +547. (New York : 
Reinhold Publishing Corporation ; London: Chap- 

man and Hall, Ltd., 1959.) 80e. net. 
N “Introduction to Rubber Technology”, edited 
by Prof. M. Morton, of the Institute of Rubber 
Research of Akron University, Akron, has first to be 
with the standard work on “Synthetic 
Rubber” edited by Morton's predecessor, G. 8. 
Whitby. “Synthetic Rubber” is primarily concerned 
with the preparation and uses of the general purpose 
styrene-butadiene rubber, with relatively brief 
mention of chloroprene, nitrile, and butyl rubbers. 
“Introduction to Rubber Technology” devotes the 
same fraction of ite space to styrene-butadiens 
rubber as to each of the other rubbers considered. 
There is no cese, therefore, to regard the new book as 

overlapping seriously the older. 

After introductory chapters on ‘the history of 
rubber technology and polymer chemistry, seperate 
chapters deal with natural rubber, butadiene-styrene, 
nitrile and acrylate, butyl, polychloroprene, chloro- 
sulphonated polyethylene, polysulphide and silicone 
rubbers. The various types of rubber additivee— 
plasticizers, antioxidants, and anti-ozonanta, accelera- 
tora, and fillers—are also treated in separate chapters. 
Articles on reclaimed rubber, latex and sponge 
rubber, physical testing, and processmg equipment 
round off a broad survey of modern rubber tech- 
nology. The only serious omission appears to be of 
the new polyurethane and polyether foams. 

Morton has achieved a e measure of success in 
we. the efforta of. twenty contributors. 
The level of the articles is uniform and makes 
Bee ae cad ieee The material is up to date, 
and presehts for the first time in book form much 
information „of value to rubber technologists in 
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Britain. The quality of printing and of the ilhustra- 
tions is first-clags. 

The question does arise as to whom this book is 
directed. It will probably be disappomting to 
specialista in other fields who seek from the title an 
introduction to rubber technology within the frame- 
work of chemistry and physics. The policy appears 
deliberate of keeping the scientific matter on a 
‘popular’ level. For example, m the chapter on 
polymer chemistry, one jumps withm a page from 
atoms and valency to monomers and polymers. 
Again, in the chapter on vulcanization, the concept 
of cross-linking is dismissed with reference to the 
analogy of a fish net of varying size of mesh, and no 
concept is given of the number of cross-links to 
monomer units or dependence of properties on the 
nature of the cross-links, to take only two relevant 
subjects which should surely be dealt with. The popu- 
lar approach is also sometimes misleading, as in the 
equations put forward to degaribe rubber oxidation. 

Rather an ‘Introduction’, the various chapters 
of this book are self-contained reviews. As 
such, they imolude much of interest to practising 
rubber technologists. The readers of this book will, 
in general, be already qualified and could with ease 
have swallowed stiffer doses of the science of their 
subject from the eminent contributors to this volume. 


A Shea. and physica of rubbér technology still 
requires to be written. W. F. Warson 


MARINE BIOLOGICAL REPORTS 
FROM DENMARK 


Meddelelser frå Danmarks Fiskeri- og Havundersø- 
elser 

ny Berio, Bind 2, Nr. 23-26. Nr. 28: Investi- 
gations on the Quantitative and Qualitative Distribu- 
tion of Zooplankton m the Southern Part of the 
Norwegian 8ea. By V. K. Hansen. Nr. 24: A 
Quantitative Investigation of the Echmoderm Fauna 
of the Central North Sea. By Erik Ursin. Nr. 25: 
Conditioning Ostrea edulis L from the Limfjord for 
Reproduction out of Season. By I. A. Aboul-Ela. 
Nr. 26: The Oligochaete Fauna of Three Danish 
Brackiah Water Areas. By I. Dahl. Pp. 392345 
plates. (Kebenhavn: C. A. Rertzels Forlag, 1960.) 
47 Danske kr. 


HE final part of the second volume of the new 
series of biological reports published by the 
Danish Institute for Fisheries and Marine Research 
contains four interesting contributions which carry 
on the high standards establiahed by the earlier series. 
The first paper, by V. K. Hansen, ‘Investigations on 
the quantitative and qualitative distribution of 
zooplankton ‘in the southern part of the Norwegian 
See”, describes the resulta of cruises made during 
several seasons in the area of the off-shore herring 
fisheries just north of the Iceland—Fasroes—Shetland 
ridge. Samples were taken with the vertical Hensen 
net, supplemented by horizontal hauls with small 
high-speed samplers of the Hardy Indicator type. 
The catches are described and discussed in relation to 
movements of Arctic and Atlantio water masses, but 
conclusions are apparently being kept until the 
remainder of the plankton community has been 
described. 
Of two shorter papers, one by I. A. Aboul-Ela, on 
“Oonditioning Ostrea edulis L., from the Limfjord for 
reproduction out of season”, shows that successful 
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spawning can be mduced by higher temperatures. 
The other paper, by Mra. Ingerlise Dahl, on “The 
Oligochaete fauna of three Danish brackiah water 
areas”, deals with the systematics and biology of these 
little-studied animale, which form’ a surprisingly 
important component of the bottom fauna im the 
Most of the volume is taken up by Dr. E. Ursin's 
comprehensive study, “A quantitative investigation 
of the Echinoderm fauna of the central North Sea”. 
The author has based hia work on most of the Danish 
material collected since 1022, as well as on a large 
number of quantitative grab-saamplea taken from 
R.V. Dana during 1950-55. Full tables are given 
showing the occurrence of the commoner species at 
all stations since 1932, and the distribution of both 
common and rare forms is described in some detail. 
Reference is made to the socepted bottom fauns 
communities, but in the mam the distributions are 
considered from the zoogeographical point of view in 
comparison with other localrties, notably Iceland and 
the Adriatic. Apparently the echmoderms of the 
southern North Sea have decidedly southern affinities, 
and the total numbers per unit bottom area are con- 
eiderably greater than m the lariat its However, 
the author regards the latter area as the rich area for. 
echinoderms because a larger number of (rarer) 
species ocour there. Many of the species found only 
in the northern (or north-western) part of the North 
Sea are distributed to the north of the area (for 
example, Leptastertas mulleri, pale Carleen iets 5 
bachiensis), and would thus be expected to be i 
to the northern region because of the generally cooler 
oondrtions there during the summer months and the 
somewhat deeper water which allows the establish- 
species of 


forms, possibly, rtt would be expected, because they 
can better survive the oolder months of the year 
there than farther to the south and east where there 
are greater extremes of climate. However, the author, 
after considering such hypotheses, tends to reject 
most temperature correlations, and instead compares 
the distributions of the rarer species with the distri- 
bution of water masses characterized by the plankton 
community represented by the chaetognath Sagitta 


As one reads the accounts of individual species 
one gains the impression that the author con- 
siders that the presence of "Sagita elegans water” 
is the predominant environmental factor govem- 
ing the distribution of echinoderms. Even if the 
experiments on biological factors in such water 
are considered conclusive, it is difficult to believe 
that they can have much influence on non-pelagic 
larves or on the adulta themselves. Many imoon- 
sistencies in distribution in the North Sea would be 
more mtelligible if other environmental factors were 
considered. Not only tamperature but also depth of 
water, type of deposit and continuity of faunas must 
be of more direct importance to most species of 
echinoderms than hypothetical factors associated 
with water masses. In oonclusion, the possibly 
subjective interpretation must not be allowed to 
detract from the general importance of this paper, 
which will form the basis for much future discussion, 
and zoogeographers will be grateful to Dr. Ursin for 
his careful compilation of the distributional records. 

ae A. J. SOUTHWARD 
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WESTFIELD COLLEGE (UNIVERSITY OF LONDON) 


- NEW FACULTY OF SCIENCE 


INCE ite return to London after the break of the 
war yeats, Westfield og (University of 
London) has been a College in Faculty of Arte 
for mathematicians, who have. taken 


of Botany, but this was relin 
result of the difficulties encountered in running ane 
science b in isolation. 

In November 1955 the College Council decided to 
press -for the re-introduction of science, but on a 
wider basis, and the advice of Sir Lawrence Bragg 
and other eminent scientists was sought and most 
kindly given. The reasons for the decision probably 
need no advocacy, but are summed up sa follows: 
‘We are convinced that the College would gain 
. immeasurably by the re-introduction of Science : 

experiance hes shown that the cantact between 

students of Science and students of the Arts, living 

and working side by side, is of the greatest benefit 

t@ both, in ways diffloult to analyse but none the 

The plan was to establish a 

Faculty of Science “comprising Special Honours 
Departments’ 


“ mente should “at the same time oover the require- 
ments of the B.8o. General Honours Degree”. The 
shortage of science teachers in the schools was kept 
in view, and it was thought that “there might well 
be a tem paucity of properly qualified oan- 
didates for Special Honours courses (but) .. . that 
to have the stimulus of Special Honours 
ments is the right policy in the long view”. A Faculty 
of approximately two hundred students was en- 
though this was increased later in the light 
of advice from the University. The College 
ita old botany laboratories, equipment and materials, 
which had been retained, and the botany library, 
where periodicals and series had been kept up to 
date. It also had a site for extensions. 

In June 1956 a small body bes vader crit 
by the University went to examine the building 
plans and confer about staffing and acoommodation. 
Their opinion was that the site proposed was too 
restricted, and an alternative site allowing for more 
research facilities as well as possible expansion had 
to be found. It was also stated by the University 
es Oe eee ee oe ee 
was too modest and that if the plan were to be given 
ultimate sanction the College d think im terms 
of a building costing about half a million and 
also that the building must be ready to acoept 
Sudeta i Ootoher 1961. The building plan was 
modified more than once to sccord with London 
County Council requirements and finally it became 
evident that to obtain a site of sufficient dimensions 
one of the College residences would have to be 
demolished. 


` 
> 


. Hildred Carlile 


In all these negotiations the College was helped by 
the criticiam and advice of the inspectors appointed 
by tho University, some of whom afterwards became 
‘science advisers’ to the College and to whom it is 
deeply indebted, notably Prof. H. T. Flint (then 
feasor of physicg at Bedford 
College), Prof. W. 8. Bullough, profeasor of zoology 
at Birkbeck College, and the late Prof. W. Wardlaw, 
professor of chemistry at Birkbeck College. After 

his death in December 1958 his successor, Prof. 


Rees, Laurence and Mitchell. The actual demolition 
of the property to clear the site began m May 1959, 
and the official laying of the foundation stone of the 
new building: was performed by Bir John Cockcroft 
in May 1960. Meanwhile, the intellectual foundations 
have been laid in the present academic year by the 
appointment of the first and by the recog- 
nition by the University of the College as a School 
in the Faculty of Boience. 


The appointments are as follows: 
Puysros. Prof. B. H. Bellamy. Dr. Bellamy was 
Tee we! Bank High School, Liverpool, 
to King’s College, Cambridge, as a 
State Scholar in’ 1941, He obtained a first claas in 
the Natural Sciences Tripos in 1043 and then worked 
for three years as a scientist in the Road Research 
Laboratory, Department of Scientific and Industrial 
Research and at British Insulated Callender’s Cables, 
Lid. Returning to Cambridge after the War, Dr. 
Bellamy completed a double-first in the Natural 
Sciences Tripos in 1948 and thereafter did research 
work in the Cavendish Laboratory for the Ph.D. 
degree, which he obtained in 1951. Durimg this latter - 
period Dr. Bellamy made the first measurements-in 
of nuclear spins and magnetic momenta 
ee Ea DEN Ta He was appointed to 
at the University of Glasgow in 1961 
aif rendered valuable help in the development of 
tal techniques for utilizing the beam of the 
300-MeV. synchrotron which operates there.. During 
the past five years, Dr. Bellamy bas made many 
contributions to our knowledge of photoproduction 
of m-mesons and has very supervised 
young research studanta who have 00 ted with 
him in these and other studies. Ho is 
at present on short leave of absence to carry out an 
i on the 1,000-MeV. synchrotron at Fras- 
cati. Dr. Bellamy has also taken a full share im 
departmental and social activities at Glas- 
gaw, and has been very popular with undergraduate 
students. f 7 
Casmastny. Prof. W. Kiyne. Dr. Klyne was edu- 
cated at Highgate School and New College, Oxford, 
where he read chemistry. Since then he has worked in 
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Photograph of artist's drawing of the new Faculty of Science Buflding, Woeatfleld College. (Artist: Wuilham Suddaby. 
Photogra owbery) 5 


pher: Sydney W. Ni 


the De ent of Medical Chemistry m the Univer- 
sity of Edinburgh and in the Department of Medical 
Pathology at the P uste Medical School of 
London, where he has reader in biochemistry 
since 1052. Prof. Klyne has written ‘Practical 
Chemistry for Medical Students”, which has been 
widely used. He is an expert and master of stereo- 
chemistry, particularly in regard to the biological 
steroids and the relation of optical rotation and 
rotary dispersion to chemical structure. His approach 
to the subject ie Se from biochemistry and organic 
chemistry to the theoretical aspects of the shape of 
molecules. Huis interest in scientific method and 
his past experience should ensure success for this new 
dopartment of chemistry. 

Botany. Prof. G. E. Fogg. Dr. Fogg needs no in- 
troduction to most biologists for he 1s well known as a 
socretary of the Society for Experimental Biology, 
as one of the co-editors of the P: “New Biology” 
series and as the author of the book ‘Metabolism of 
Algae”. Dr. Fogg took his degree in botany at 
Queen Mary College, London, and went to Cambridge 
to do lus postgraduate research. Since 1945 he 
has been an invaluable and distinguished member, 
first as lecturer and now as reader, of the Botany 
Department in Univerarty College, London. Dr. 
Fogg’s,research work on the metabolism of algae, 
involving as ıt does the growing of algae mm pure 
culture and the use of modern techniques, has been 
distinguished for ite skilful, experimental approach. 
More recently, he has extended this work to the study 


of the phymology of phytoplankton in freah water 
and the sea. Around this new and expanding 
field of research, Dr. Fogg will be able to 
build a sound teaching department at Westfield 
College. 

ZooLoagy. Prof. J. B. Webb. Dr. Webb returns to 
Great Britain after a period of eleven yoars as head of 
the De ent of Zoology in the University College 
of Tb Nigeria. After graduating frorn Birkbeck 
College, London, he held for a short time a post as 
research entomologist before taking up a leotureship 
at Aberdeen. Hw many publications durmg this 
period include important contributions on the 
morphology and ventilation mechanisms of insect 
tracheae. The creation and development of a 
fiouriahing di ent at Ibadan and of an attractive 
and well- zoological garden are a tribute to 
his energy and powers a8 an organizer. Under his 
leadership and guidance the Department has acquired 
a well-deserved reputation for good teaching and 
research. Many of his students have graduated with 
honours ag a under the scheme of special relation- 
ship with the University of London and have taken 
up teaching and research posts in Nigeria; two of 
them are on the staff of the Department. Prof. Webb, 
beardes pla. an active part in the affairs of the 
University College, as dean of the Faculty of Science 
and member of the College Council, has established 
himself as an authority on the systematice of the 
osphalochordates, and his most recently pubhshed 
work, in the Philosophical Transactions of the Royal 
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Sooiety, inclydes studies on the Sees and 
ecology of the lagoon systems of-Lagoa and the 
adjacent coastline. 

these will hold office from October 
1960, in order to be responsible for final preparations 
and for appomtment of staff before the first intake 
of students in October 1961. They will select their 
first students m November 1960, and the schools 
have already been circulariszed. 

Marrawatios. Prof. E. H. Sondheimer. The 
Mathematics Department is in a different position, 
since the College never ceased to accept students for 
the B.8o. ial degree. The t (about fifty 
students) is at ‘present by a reader, but it 
had long been decided to apply for a chair ‘im due 
course. The introduction of the Faculty of Science 
made it desirable that the change should take place 
now and the first professor of mathematics is Dr. 
E. H. Sondheimer. He is, at present, University 
reader in applied mathematics m Queen Mary 
College, London, a post which he has held since 
1054. Prior to this, he held a lectureship in mathe- 
matios in the Imperial College of Science and Tech- 
nology, to which he was appointed in 1951. This waa, 
in fact, his first teaching post. Dr. Sondheimer has 
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had a varied and interesting career; after taking 
the Natural Science Tripos at Cambridge in 1943, he 
joined a small team carrying dut war work on experi- 
mental studies of the properties of transformer sheet 
stoels. At the end of the War he began research work 
in the electron theory of metals at Cambridge, to 
which subject he has made several important con- 
tributions. He was awarded a Smith Prize in 1047 
and in 1948 elected to a research fellowship at 
Trinrty College which he took up in 1950. In the 
intervening years he worked first under Prof. N. F. 
Mott at Bristol and later was in the United States, 
workmg with Prof. Slater at the Massachuseita 
Institute of Technology. Dr. Sondheimer is beet 
known for his work on the anomalous skin effect in 
metals, which was done in collaboration with G. E. H. 
Reuter. Later extension of this work paved the way 
for Pippard’s pioneermg work on determination of 
the Fermi surface in metals. Dr. Sondheimer’s other 
important contributions include the first successful 
solution of the Bloch integral equation, the applica- 
tion of variational methods to conduction phenomena 
in polar semi-conductors, and general proof of the 
validity of Kelvin relations occurring in the theory 
of phonon drag. 


CONTROL OF PRE-NATAL GROWTH IN MAMMALS 


By Dr. ANNE McLAREN 


Agricultural Research Council Unit of Animal Genetics, 
Institute of Animal Genetics, King’s Buildings, Edinburgh 9 


AND 
Dr. DONALD MICHIE í 


Department of Surgical Science, Untversity New 
Bulldings, Edinburgh 8 


O some extent every mammal decides for itself 

what size it will attain, in the sense that its own 
genetic constitution seta limite to ite . How- 
ever much- we feed a Shetland foal it will not grow 
as large as a Shire horee. But there is evidence that 
these intrinmo factors exert their main effects in 
post-natal life, and that pre-natal growth is largely 
controlled by the intra-uterme environment. 

An early indication of this was Walton and 
Hammond’s! remarkable demonstration that the 
new-born foals of Shire mares crossed to Shetland 
stallions were almost as large as pure Shire new- 
borns, while the of the reciprocal arose were 
as small as new-born Shetlands. The presumption 
was that the uterine environment was responsible, 
although the possibility of a cytoplasmic effect was 
not excluded. 

Subsequent ‘work with man, cows?, rabbits‘, 
sheep’ and mice’ has confirmed the existence of 
large maternal effects upon weight at birth, and in 
the last three oases it haa been shown by means of egg 
transfer that the effects are indeed mainly uterine. 

Equally clear evidence of the importance of factors 
extrinsic to the embryo is the well-known effect of 
litter-size on weight at birth in polytocous species. 
Aooording to “Healy, Moleren and Michie’, when 


the range of litter sizes in mice is artificially increased, ° 


differences of more than two-fold in the mean weighta 
of full-term fætuses can be obtained. The classical 
explanation of such effecta is that there is a limited 


pool ‘of nutriment in the maternal blood for which 
the fostuses compete’. As each draws ite ration, so 
much the leas remains for the others. 

In this article we review evidence suggesting that 
this explanation is incomplete, and that most effects 
of litter size on fostal growth can be given & more 
plausible explanation m the elementary ciples of 
hydrodynamics to which the flow of blood to the 
placenta is subject. ; 

In the case of species with a bicornuate uterus, the 
theory of a limited pool of nutriment predicts that 
the growth of a fætus in one uterine horn will be just 
as much retarded by the presence of litter-mates in 
the other horn as in the same horn. But Eckstein, 
McKeown and Record’s’ study of guinea pig preg- 
nancies showed this not to be the case. They found 
that the number of embryos in the same horn was 
more important than the number in the opposte 
horn in determining both fetal weight and the 
weight of the placenta, on which fostal growth in lerge 
measure depends. The picture which emerges from 
their results can be summarized aa in Fig. 1. 

With regard to the possible mechanism underlying ` 
this scheme, Eckstein st al. pointed out that since 
resistance to blood flow through the placenta is low, 
the pressure at which blood is supplied qo each 
placenta may be inversely related to the number of 
placentes supplied by the uterine artery on the same 
gide. It can be supposed that the supply of blood, 
and of ite dissolved nutrients, conditians the rate of 
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fostal growth, both directly, and also indirectly by 
de in the earlier part of pregnancy the size 
attained by the placenta. The local effect of the 
number of embryos 1 in this way neatly accounted 
for, and the authors pomted out that in order to 
accommodate the residual non-local, or systemio, 
effect rt 1s only necessary to postulate that changes of- 
blood pressure on one side are to some degree trans- 
mitted to the contralateral uterine artery. 

In the course of an experiment on the induction of 
superpregnancy m muce!, large numbers of full-term 
fostuses were weighed, with resulte’! which support 
thes attractive hypothesis. The existence of sub- 
stantial local effects on fetal growth was confirmed. 
The effects, both local and systemic, of embryos 
surviving mto late pregnancy were paralleled by 
affects of almost equal magnitude exerted by embryos 
dying in mid-pregnancy. These effects oan scarcely 
be accommodated by the nutritional pool theory, 
since the nutritional demands of such embryos must 
be extremely small. But on the hmamodynamuio 
theory the result is reasonable, for by surviving long 
enough to form a placenta, such an embryo will 
limit the size attained by the placentw of other 
embryos and hence will limit their subsequent 
growth. 

In additian, an extreme test of the theory of com- 
petition for a limited nutritional pool was afforded 
by the mduction of superpregnancy m sexually 
immature females. These animals, as might be 
expected, show marked signs of nutritional streas™, 
yet their full-term foetuses were not significantly 
lighter than those of a parallel series of superpregnant 
adults (ses Fig. 2). 

It seams sufficiently clear that the limited pool 
theory is i te. At the same time, other 
features of the observations conformed rather well 
with expectation on the basis of the hwamodynsamic 
theory of Eckstein et al. 

The supply of blood to each uterine horn of the 
mouse 18 derived from offshoots of a main loop artery 
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fed from the abdominal aorta at the top and from 
the iliao artery at the bottom. In such & system 
the preesure of blood must be highest in the top and 
bottom offshoots, in the offshoots towards 
the middle. We might consequently expect the 
larger foatuses to be at either end of the horn and 
the amaller ones to be in the middle. This is precisely 
what has been found", with a particular exception 
which, however, helps to establish the rule. The 
exception is the topmost fætus of all, which, especially 
in crowded horns, is usually supplied by one limb of 
a bifurcated offshoot of which the other limb supplie 
the ovary. This fostus, especially im crowded horns, 
18 On average smaller than ite neighbour’. 

The factors controllmg fetal growth which have so 
far been discussed are summarized tically 
in Fig. 8, which is based Gi ths aigieaied telan- 
ship between fostal growth and uterine blood 
flow. 

Another case of bifurcation relates to the phen- 
omenon of placental fusion, where the fotuses 
involved also have to divide between them the 
supply from a single offshoot. Here again, retardation 
of growth is found. On the other hand, in fused pairs 
of which one member has died in mid-pregnancy, 
the survivor presumably enjoys the full output of 
one arterial offshoot, a circumstance which talles 
with the finding that such footuses are not signi- 
floantly retarded relative to their non-fused horn- 
mates. 

In general, the haemodynamic theory seems fo 
account well enough for variations in fotal growth 
other than those due to genetic differences between 
pregnant females. 

There is, however, an important exception to which 
Hammond’s concept of limitation of nutrients has a 
clear application. In some species the young are 
born at a relatively advanced stage of growth and 
development, so that their terminal demands upon 
maternal nutrition are large. One such species is the 
sheep, in which Wallace“ has ahown that the weight of 
the young at term, particularly in twin pregnancies, can 
be drastically altered by varying the plane of maternal 
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Pile results do not, of course, exclude the simul- 
us participation of the hæmodynamio mech- 
arte discussed earlier. That these mechanisms 
may have application to the human species is sug- 
by the finding that mothers who smoke give 
birth to babies weighing, on average, 6 ox. (170 gm.) 
leas than the babies of non-smokers’. Since smoking 
causes peripheral vasoconstriction of about half an 
hour’s duration, it is quite possible that repetition 
many tineæ a day might restrict the placental o- 
culation sufficiently to affect the growth of the 
fostus. It remains to be seen whether such differences 
in weight at birth as that between the Shire—Shet- 
lands and Shetland-Shires of Hammond and Walton 
can be accounted for in terms of vascular architecture 
and the mechanics of fluid flow. ` 
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NATURE OF THE HÆM-BINDING GROUPS IN NATIVE AND 
DENATURED HÆMOGLOBIN AND MYOGLOBIN 


By Dr. JOAN KEILIN 
School of Veterinary Medicine, University of Cambridge 


AEMOGLOBIN is very widely but somewhat 
distributed in Neture’*. It is 

found in all vertebrates with the exception of certain 
bloodless fish living in the antarctio seas, and in many 
species of different phyla of invertebrates. Its 
presence has also been demonstrated in a few ciliates 
among the Protozoa, in certain strains of yeasts and 
moulds and in the root nodules of legummous plants. 
Although the hemoglobins, irrespective of their 
origin, have the same fundamental property of 
reversible oxygenation and have the same hem 
nucleus as their prosthetic group, they differ greatly 
in their biological, chemical and physical properties" 


such as their affinity for oxygen and ite dependence. 


on pH, their affinity for carbon monoxide, molecular 
weight, eolubility, ease of crystallization and crystal- 
line form, the amino-acid composition of the protein, 
the isoelectric point, electrophoretic behaviour, ease 
of denaturation and immunol properties. Differ- 
ent hsamoglobing have been found within the same 
species of animals and even in the same individual, 
and extensive investigations are now being oarried 
out on different genetically controlled hemoglobins 

in man, cattle, sheep and other animals, 
One may therefore sak what is the structural 
which must be common to the protems 


of all the hsamoglobins,’ irrespective of their origin 


and the great diversity of their properties, that 
imparts to the identical hsm nucleus (protohsm) the 
remarkable and not easily imitable property of oom- 
bining reversibly with molecular oxygen, while at the 
same time protecting its divalent iron from oxidation. 
This is one of the most important problems which 
faces all those engaged in the study of hæmoglobin. 
That this fundamental property depends on the 
of the protein moiety is clearly shown by 
the that the disturbance in ite structure 
is immediately reflected in the ability of rts divalent 
iron to combine reversibly with molecular oxygen, 
while denaturation of the protein results in the com- 
plete logs of the of oxygenation. In this 
respect hemoglobin is, if anything, more fragile than 
@ number of 
Although in hæmoglobin, as in other hemoproteins, 
it ia the entire protein portion of the molecule that 
influences the of the hsm, the first and 
most convenient approach to the study of this prob- 
lem is to determine the nature of the groups which 
link the protein-to the hem iran; these will be 
referred to as the hsm-binding groupe of the protein. 
The main object of this article is to evatuate the 
different views which have recently been put forward 
as to the nature of the hsm-binding groups and to 
antrodune; gohe. tiaw celina: Which cani wo appliod 


366 


to their study, not only in mammalian hæmoglobin 
and myoglobin but aleo—a point of great importance 
—in hemoglobins of different origins, which differ 
widely in the’ ammo-acid compositions of their 
proteins. 


Nature of the Group linking the Hæm Iron to the 
Protein 

In considering the nature of the ham-bmding group 
of globin, the following four possibilities have so far 
been : (1) the midazole group of husti- 
dine ; (2) the carboxy] groups of aspartic and gluta- 
mic acids, (3) the sulphydryl group of cysteme; 
and (4) no specific group. 

(1) The imidazole group of histidine. The most 
widely held view is that the iron-linked group of 
Bere the dee o nE o aaa This was at 

Suggested mainly because mammalian hemo- 
globin is rich m this amino-acid ; and later this view 
received strong support from an extensive study of 
certain physico-chemical properties of hæmoglobin 
which we owe primarily to Wyman’ and to Coryell 
and Pauling’. The imidazole ring of histidme as 
the hmm-lmking group has already discussed on 
several occasions‘,".* and will be dealt with farther 
on. 

(2) Oarbexyl groups. It was recently suggested by 
O'Hagan’ that the hmm iron 1s bound to a carboxyl 
group of globm, since the pH stability curves of 
methemoglobin obtained by the oxidation of hæmo- 
globin, or by ite reconstitution from native globin 
and hematin, show ionizing groups with pK 4-7. 
This value lies closer to the pK of the carboxyl 
of aspartic and glutamic acids than to that of the 
imidazole group of histidine (pK 5-3). This view was 
also supported by Haurowrtz!!. 

(3) Sulphydryl group. The possibility that the 
hem ron is linked to globm through a sulphydryl 
group of cysteine was at first: suggested by Hauro- 
witz, who later abandoned this view when myo- 
globin was found to be free of cysteine’. ' The idea 
was, however, recently revived by Riggs's.*, who 
found that the magnitude of the Bohr effect m 
mammalian hmmoglobins was proportional to the 
number of sulphydryl groups which could be tatrated 
by mercuric ions and that the hem-hæm mteraction, 
which is responsible for the S-shaped oxygen dissoois- 
tion curve, 18 aboliahed when the sulphydryl groups 
are blocked by p-chloromercuribenzoate. He con- 
cluded that the two physiologically important proper- 
ties of hæmoglobin, the Bohr effect and the S-shaped 
dissociation curve, are both mediated by sulphydryl 
groups which link the hem ron to the globm. He 
also suggested that much of the physico-chemical 
evidence presented in favour of the imidazole ring ss 
the hwm-linking group could equally well apply to 
the sulphydryi group. f ; ; 

(4) No spectfic group. Having discarded the possi- 
bility of the sulphydryl nature of the hwem-binding 
group, Haurowrtz and Hardin’ suggested “that the 
common feature of all globins is a complementary 
‘anti-heme’ pattern which permite them to approach 
very closely the flat heme structure’, so that the 
“hemoglobin structure would be mamtained by 
London — van der Waals forces between the molecu- 
lar surfaces of the heme and the anti-heme pattern 
of the globin”. Since this view does not refer to the 
protem groups specifically lmked to the iron, it may 
be considered as complementary to each of the 
previous hypotheses. 
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For the proper evaluation of these views on the 
possible nature of the hmm-linked groups in hemo- 
globin, it is necessary to consider the reactions of 
free hem and hematin with different substances, 
and to determine the requirements for the formation 
with some of them of the corresponding hamochromo- 
gen and parahsmatin compounds. 


Formation of Hamochromogens by Ham with 
Nitrogenous Bases 

Herm, the prosthetic group of hæmoglobin, is a 
flat molecule consisting of four pyrrol nuclei joined 
by methene bridges to form a porphyrin ring, with a 
divalent iron atom occupying the centre. Of the 
six co-ordination valencies of the iron, four lie in one 
plane and link it to the nitrogen atoms of the pyrrol 
nuclei, whereas the remaining two valencies, the 
fifth and sixth, one on each side of the flat hem 
molecule, hnk it to molecules of water. An alkaline 
solution of ham shows two diffuse absorption bands 
at about 580 and 560 mu. The addition of pyridme 
to the hem solution at once gives a pyridine hmmo- 
chromogen compound wrth two strong absorption 
bands in the visible region ; a at 557 and f at 525 my 
(a > 8). Analogous hamochromogens can be obtained 
with a great vanety of nitrogenous bases*!.1" such as 
piperidine, pyrrolidine, nicotine, various ammes, 
unidazole, ammonia, hydrazine hydrate and others. 
In all hemochromogens the hem iron is linked 
by covalent bonds m positions 5 and 6 to two 
molecules of the base’, which replace the moleculeé 
of water. 

Cyanide, unlike other nitrogenous substances, 
forms two distinct compounds with hem : monocyan- 
and dicyan-hwm. While the general pattern of ‘the 
absorption bands of monocyan-bem resembles that 
of a hamochromogen, the pattern of the dicyan- 
hsm, spectrum differs from rb and is very simular to 
that of the dihydroxy-hsm compound”. Monocyan- 
hæm has a strong affinity for nitrogenous bases; for 
example, wrth midazole it forms a hybrid imidazole— 
cyanide hmmochromogen in which one of the two 
positions around the iron (fifth or sixth) is occupied 
by cyanide, the other by a molecule of imidazole. 
Such a hybrid hamochromogen can also be obtained 
by treating an ordmary hsmochromogen ‘with 
cyanide, which replaces one of the two molecules of 
the base linked with the hem iron™. In this reaction 
the absorption bands im the visible region of the 
imidazole hamochromogen are shifted to longer wave- 
lengths, their positions in the mnidazole cyanide 
hybrid hsmochromogen being a, 560 and B, 530 mp, 
while the height. (HmM) of the a band falls from 
0-28-0-32 to about 0-17. 

In order to find what chemical groupings in a sub- 
stance determine its ability to combine with the 
hem iron by covalent bonds in positions 6 and 6 to 
form a hwemochromogen, I have examined a great 
variety of substances with to their reactions 
with hem (unpublished work). It was found that 
hem formed no hmmochromogens with alcohols, 
aldehydes, carbohydrates, fatty acids or phenols. 
Only substances containing a free nitrogenous group 
(as has been shown. earlier) combine with the hem 
mou to give the corresponding hwsmochromogen 
compounds. Since not all nitrogenous substances 
were found to have this property, it is of interest to 
record here some of the biologically important 
nitrogenous substances which formed no hæmo- 
chromogens with either protohmm or other hems 
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(hæmatohem, deuterohssam, mesohwm, coproham 
and urohsm), although the experiments were carried 
out under & great variety of conditions. The list of 
nitrogenous substances which failed to give hærño- 
chromogens included urea, guanidine, creatine, 
creatinine, pyrrol, indol, indolacetate, proline, purines 
such as adenine, guanine, hypoxanthine, xanthine, 
uric acid, caffeine, theophylline and theobromine, 
pyrimidines (cytosine and thymine), adenosine, 
nucleic acid and ite derivatives, and flavine. It is 
Hoang O ee ee ee 


pyrimidine, 
The divalent iron of hæmochromogens easily under- 
goes reversible oxidation to the tervalant iron of the 
corresponding parabsmatins, which have a diffuse 
absorption band at about 580 my with a shoulder at 
558 mp. In asimilar way, the oxidation of a hybrid 
hemochromogen gives the corresponding hybrid 
parahsematin. The formation of this oo ‘was 
discovered" in early work on the inhibition by cyanide 
of the oxidation of cysteine catalysed by pyridine 
hmmochromogen. It was shown by Drabkin™ that 


d by treating 
and pyridine in the ratio of 
The oxidation-reduction relationship : 
hemochromogen +è parahamatin 
is analogous to thos of : 
kem e hematin and haemoglobin = stidthenngiebias 


Carboxy-hem and Carboxy-hemoch romogen 
Compounds 


On treating hem with carbon monoxide, its colour 
turns from reddish brown to bright red and its very 
diffuse absorption bands at 580 and 560 my are 
replaced two strong bands: a, 568, 8, 588 mu 
(a > 6). this reaction, of the two molecules of 
water co-ordinated with the divalent ham iron in 
positions 5 and 6, oP Ga UY E oee 
of carbon monoxide. Similarly, when a hæmo- 
chromogen is treated with carbon monoxide, one of 
the two molecules of the base is replaced by carbon 
monoxide, giving the carboxy-hamo- 
chromogen?” as was shown for the first time 
by Krebet, is sensitive to light. 

The study of carbon monoxide derivatives is of 

when 


seg Por pe PAA 
san Be uial for the srudy of the ZEEE of eur 
group when, owing to some spatial Sonedare Gone, 
its co-ordination with the hæm iron is possible on 
only one side of the flat ham molecule. 


Heemochromogen Formation by Amino-acids and 
Denatured Proteins 


The reactions of free hem with amino-acids and 
prora ore Opon intereat 10r the mead y of thi 
-binding groupe in hæmoglobin as wel as in 
other natural hmmoproteina. It can be demonstrated 
spectrophotometrically that neither free hem nor free 
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hwmatin combines with hæmoglobin or methæmo- 
globin respectively, which indicates that all the 
available hæm-bindmg groups of the native globin 
are already occupied. On mild denaturation, hemo- 


at least six-fold. Although this 
varleng sinc, ite Fal Aent aa en not 
apprecis’ 


several potential hsem-binding groups belonging 
different amino-acid residues, but early attempts to 
demonstrate the correctness of this assumption, by 
studyimg the reactions of hem with free amino-acids, 


gtutathiane, although it had been previously recorded™ 
that glycine does give a hamochromogen compound. 
with hem. Potentiometrio titration” of 10+ M 
hematin with sodmm dithionite in the presence of 
histidme has shown that the oxido-reduction poten- 
tial became constant only when the histidine 
added reached a concentration of 7 x 10-* M. No 


i a o e 
reaction between hem and idine spectrophoto- 


ham, deuterohsm and urohwm) and amino-acids.* 
Fe ee conde: ne 

were obtained with 
practically every a eer except proline, which 
shows that the -amino group is a hem-bi 


as a Gn Segue oliigl laine 

or N-dimsethyi alanine. 

For the study of the reactions between hem and 

teins it was important to evaluate the ham- 
inding properties of other potentially reacting 
groups of the amino-acids. Such evaluations were 
obtained from (1) the reactions of ham with amino- 
acids in which the participation of the a-amino group 
was eliminated by being involved in a peptide li 
or (2) the reactions of hem with the potenti 
hæm-binding group either in the free state—for 
example, imidazole—or forming part of a compound 
free from other possible reacting groupa—for example, 
the imidazole ring im pilocarpine 

The results of this work (anpublished), carried out 
with different hems and their carbon monoxide 
derivatives, showed that only basic nitrogenous groups 
ee E 
heams to give the corresponding hem 
their carboxy derivatives. Thin eliminates from the 
list of potential hæm-binding groups in denatured 
proteins the carboxylic side-chains of glutamic and 
aspartic acids, the benzene ring of tyrosine and 
phenylalanine and the tos ye group of cysteine. 
Of the nitrogenous basic groups such as thd terminal 
a-amino group of different amino-acids, the c-amino 
group of lysine, the imidazole group of histidine and 
the indole group of tryptophan, anly the first three 
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were definitely established as potential hem-binding 
groups. The hwm-binding property of the imidazole 
group of histidine was supported by the great ease 
with which free imidazoles, or the imidazole ring of 
pilocarpine, or of urocenic acid and certam other 
“compounds form parahmmatins and hsmochromo- 
gens (unpublished work; see also refs. 18, 31, 32). 
Strong evidence for the hem-binding property of the 
«-ammo group of lysine was obtained from the study 
of polylysine, which was found to have ten times 
higher affinity for ham than free lysine. On the other 
hand, the side-chains of tryptophan and arginine 
were eliminated as potential hæm-binding groups by 
the faiture to obtain hmamochromogens with free indole 
and free guanidine, as well as with denatured salmine 
aad clupeine, which can be considered as polyarginine 
peptides. It was also found that whereas pyrrolidine 
gave a good hemochromogen, free proline failed to 
co-ordinate with the hem mon. 

The potential heam-binding groups, which become 
unmaaked by the denaturation of proteins, are there- 
fore limited to the terminal a-amimo groupe, the 
e-amino group of lysine and the imidazole group 
of histidine. The total number of such groups’ in 
whale and horse myoglobins (molecular weight, 
17,000) are 32 and 28 ively, and im horse 
hemoglobin (molecular weight, 68,000) there are 
76-80, that is, about 19-20 unit of molecular 
weight, 17,000. Since the m-binding capacity 
or ‘hem-number’ of sperm whale myoglobin ıs 10 
and that of horse hæmoglobin is 6 per unit of protem 
of molecular weight 17,000 (ref. 27), and since each 
ham mon co-ordinates with two nitrogenous groups 
to form a hsamochromogen, about 62 per cent of all 
available hem-bi groups in denatured myo- 
globm and hæmoglobin are involved in hæmo- 
ebromogen formation. 

The study of hsemochromogen formation by 
denatured proteins including the globins, which will 
_be fully dealt with elsewhere, has led to the following 
conclusions : i 

(1) As the iron atom in hæmoohromogens is 0o- 
ardmated with two nitrogenous groups lying one on 
each aide of the flat ham molecule and occupying the 
fifth and sixth co-ordination positions, the hem in 
denatured protein hæ must lie within 
the folds of the protein. This is made posable by the 
unfolding of peptide chains which characterizes 
densturation in proteins, that is, the breaking of the 

- bonds of the tertiary structure of the hæmoglobin 
molecule. ag ee 

2) The two nitrogenous groups, one on gi 
MoA protein fold, which are linked to the ham 
mon are not neceesarity of the same nature; for 
example, one may be an imidazole group and the 
other an e-amino group of lysine, or even an a-amino 
end-group. i 

(3) Smoe two nitrogenous groups, one on each side 
of the fold, are required for the formation of a 
hmmochromogen, there must be a certain regularity 
in their distribution in order to assume a high ‘ham 

number’ which may involve more than 50 per oent 
of all the potential hem-bindimg groupe of the 
rotein. 
P (4) The ‘hem number’ of a denatured protem must 
therefore depend on: (a) the number of free nitro- 
genous hæm-binding groupe ; (b) a certain regularity 
in them distribution; and (c) freedom from sterio 
bmdrance by neighbouring side-chains. In this 
respect consideration should be given to all side- 
chains not involved in hem-bmdmg; for example, 


NATURE 


July 30, 1960 VoL 187 


SH or 8—8 groups, the guanidine group of arginine, 
the indole group of tryptophan, the benzene rmg of 
tyrosine or phenyl-alanme, and the carboxylic 
groupe of glutamic and aspartic acids. 


Reversible Formation of Hamochromogen by 
Native Hamoglobin 


The fact that the iron atoms of hsmoglobm and 
methsmoglobin are accessible to, and easily combine 
with, a great variety of ligands some of which, like 
nitrosobenzene and imidazole, are of an appreciable 
size, clearly shows that the ham or hematin is well 
exposed and not buried deeply wrthin the folds of the 

teins, 

That the ham is bound to the globin not only by 
ite iron atom but also by ita porphyrin ring is indı- 
cated by the marked effect that free native globin has 
on the absorption spectrum of an alkaline solution of 
free porphyrin, and by the competition of porphyrin 
and hem for native globin in experimente on the 
reconstitution of hssmoglobin from. ite SOP 
The two carboxyl groups of ham are probably linked 
to the guanidine groups of the arginine residues”. 

Since the hams in hmmoglobm are not buried 
between the folds of the globin, their iron atoms are 
linked to the globin by only one iron-protein bond 
(co-ordination, position 5) lymg on one side of the 
flat ham molecule ; on the other side (position 6), the 
iron is bound to a molecule of water, the presence of 
which was shown by spectroscopic studies™ of th® 
effect of low temperatures on alkaline meth»mmo- 
globin, and of the effect of drying on hemoglobin and 
methsmoglobin. 

The molecule of water in position 6 can be replaced 
in hæmoglobin by oxygen, carbon manoxide, nitric 
oxide, cyanide, alkyl cyanidea or nitrosobenzens, 
and in methwmoglobm by fluoride, azide, cyanide, 
sulphide, nitric oxide or midazole. As under certain 
well-defined conditions the denaturation of hemo- 
globin was found to be a reversible process (unpub- 
lished work and ref. 38), it is poemble that in the 
oe hemochromogen thus obtained one of the two 

ds uniting the hem iron to globm is the original 
iron-protein bond present in hæmoglobin. The 
persistence of the original iron-proteim bonds of 
hæmoglobin during the reversible formation of globin 
hsmochromogen and parahmmetin can be demon- 
strated by the followi anta. 

(1) Drying of homoglobin. It has been shown that, 
when hemoglobin or myoglobin is thoroughly dried, 
ite absorption spectrum is replaced by that of a 
hwmochromogen**“", On the addition of water, this 
reverts to hsmoglobin which, in the presence of 
oxygen, undergoes oxygenation to oxyhmmoglobin. 
This reversible formation of a hwmochromogen on 
drying is due to the fact that the molecule of water 
linked to the iron atom in the sixth co-ordination 
postion is removed and replaced by a nitrogenous 
group of the protein belonging to the same molecule 
of hæmoglobin. 

(2) Drying of methemoglobin. In a similar way, 
the drying of acid methmsmoglobin converts it rovers- 
ibly to a perabwmatin“. That fluoride and azide 
methmmoglobin are not changed by drymg to a 
parahematin is not surprising, since the fluoride or 
azide which replaced the water molecule of the 
methsmoglobin prevents the ham iron from co-ordin- 
ating in position 6 with a nitrogenous of the 
globin, brought closer to the mon by i The 
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fact that the absorption spectra of hæmoglobin and Evidence for the Imldazole Ring of Histidine as the 


ee r 


with oyanids. 
aah a n or Ode tp 
colour changes from brown to red and its 
band at 680 my is replaced by a wide band at 540 mp. 
-methemoglobin, which is one of the oldest 
known methwmoglobin derivatives"*, was at one time 
wrongly considered as an irreversible oo 
because of the very high affinity of cyanide 
tervalent iron of the bin. bei i 
ally, it shows a close resemblance to the hybrid oyan- 
pyridine or cyan-imidazole parahssmatins referred to 
earlier. 

(4) The reaction of hamoglobin with oyanids. 
Cyan-hsamoglobin can easily be obtained by reducing 
oyan-methemoglobin with sodium dithionite“, 
obin obtained in this way is 

dissociates into hæmoglobin 
lobin is sufficiently stable for 


ingui le from cyan- 

tained“ by i 

at pH 8-5-9-3 interesting point was the dis 
covery that cyan-f and, to a lesser 


and 
The fact that in these experiments hwemochromo- 
gens and were reversibly obtained from 
hæmoglobin and bin. on 


respectively, 
replacing the water molecule bound to the ham iron 
in position 6 by a suitable nitrogenous compound, 
indicates that in position 5 the hsm iron must be 
linked to a nitrogenous compound which is the original 
ham-binding group of the hæmoglobin. Since this 
group is a potential hemochromogen-forming oom- 
pound, it can only be the imidaxole ring of histidine, 
the c-amino group of lysine or, lees likely, an amino 
end-group. This eliminates from the list of potential 


molecule in relation to the globin ; this could scarcely 
take place, considering (a) that ham is bound to the 
ee ee ee ve ee 
po groups and by van der Waals foroos 
its surface and that of the globin*, (b) that 
reversible hsmochromogen formation may take place 
under conditions the denaturation of the 
hemoglobin, and (¢) that cyan-native globin hæmo- 
can dissociated by light into cyanide 

and hemoglobin. 


` 


Hæm-binding Group of Globin 


SE e PeO eee 
the number of -potential bæm-binding groups 
hiemoglobin to oaly threo types of basio groupe, the 
imidazole ring of histidine, the e-amino group of 
ere a a ee er it makes no 

tion between them. 

Of the views as to the nature of the hwm-binding 
group which were discussed earlier, the hsesmochromo- 
gen criterion provides evidence only in favour of the 
imidazole theory which, as was shown above, was 
also supported by physico-chamical evidence’, and 
by the facts that the globina of hæmoglobin and 
myoglobin are very rich in histidme. It must, 
orerar, be wena bared than dhe phynidoohanioal 
evidence is largely based on the assumption that the 
properties of the imidazole ring of histidine which is 
incorporated in the peptide chain of the globin are 

quantitatively identical with those of the imidazole 
ring of free histidine. That this msy not necessarily 
be so is indicated by the fact that the affinities of 
amino-acids for hem are enhanced when they 
form part of a peptide chain. It has also been shown 
that the formation of a carbamino compound by 
glycine was increased thirty-fold by condensing two 
glycine molecules to a dipeptide’. Some caution 
must therefore be exercised in describing certain 
Draperin “oF Teotia inv taeda oF whatan ows a 
the individual amino-acida. 

a ee AD ee 
idea of the imidazole nature of. the hsm-binding 
group in mammalian hemoglobins end myoglo- 
bins'*14,14,14,83, this theory, unlike any of the others 
so far proposed, 1s strongly supported both by the 

ca and by ocr present: know: 
ledge of the properties of hæmoglobin and ites 
derivatives. 


More direct evidence in favour of the view that the 
imidazole group of histidine binds the hem iron to 
the globin was obtained from the X-ray analysis of 
crystals of myoglobin‘’. Indeed, the great advances 
which were recently made by Perutz and his co- 
workers“ in their studies on the structure of hemo- 
globin and by Kendrew and his co-workers’. on the 
structure of myoglobin enabled them to unravel the 

arana cud she estate gaat ee 
time. Their results were based on 
Fourier syntheses at 5-5 A. Pe ehan shee aot 
horse oxy- and met-hemoglobm and at 2-0 A. 
resolution in the case of sperm whale metmyo- 
‘globin‘,#9, 

The myoglobin molecule was found by Kendrew 

a al.“ to consist of a single polypeptide chain folded 
eg ee ee 
of the chain having the structure of cylindrical tubes 
consisting of a-helices. The high degree of resolution 
has also shown that an amino-acid residue strongly 

ive of histidine, arising from the peptide chain 


hæm iron atom, whereas on the other side of the diak, 
what appears to be the oxygen of s water molecule 
lies very close to the iron. The terminal amino- 
group lies well away from the bem. 

The molecule of horse hæ bin was found by 
Peruts 6 al. to be composed of four sub-umita, each. 
ne ee E Pa eee eae, 

similar manner to that of sperm whale myoglobin. 
The hem of each sub-unit is located in a pocket of the 
folded peptide chain, the four poaketa being com- 


- 


+. of denaturation im hæmoglobin”, 
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Table 1. Amix0-acID Cowrmrss, IsomLuoraic Poorrs (LP.) AND MOLECULAR Wicirrs (MOL. Wr.) or Som OXYGEN CARRINRS 





Grams of amino-acid per 100 gm. protein® 




















those which have been 


bemogitis ad myoglobin (ft 18) and diet myoglobin et, 6 50), $, the sample sce ahon 


Da see rik o ar api the iron atomes of 
ine closer pet bene a A apert. The hsm iron on 
the side ib is lmked with a water molecule, 
both im myoglobin and in hæmoglobin, is freely 
accessible to ligands of a large size™ including p-iodo- 
Lely age a ei 
that the molecule of horse hæmoglobin 
sei our sub-units each with a structural 
sonfigieatian ialf eesambling diss of earn wis 
myoglobin is very i and unexpected, con- 
sidering that the compositions of these 
leo DE oE aioe ESA RLT I dite 
ences in the dase of practically every amino-acid 
residue", Some of these differences are shown in 
Table 1. 
tt vee ee OY ee ee 
the chain, once ib is synthesized and provided with a 
hig: T ardcnd qiish ts om tik takes Gp iid 
tion, spontaneously, as the only one which 
the stereochemical requirements of its amino- 
acid sequence”. This suggestion haa direct bearing 
a on the problem of the susceptibility of hæmoglobin 
z to denaturation, which consists primarily m the 
breaking of bonds leading to the opening or uncoiling 
* of the tertiary structure. Of special importance in 
this are the observations on the reversibility 
It is also known 
that globin separated from hem is very unstable, and 
co the tibility of hæmoglobin to denaturation 
iso effected Gy tise nanara of the ligands coonp ying 
Edna oso 6 Got ty die tenes GE ne 
bonds which Imk the hæm iron to surrounding atoms. 
Thus oxyhsemoglobin is much more resistant than 
methemoglobin to denaturation by strong alkali 
or chloroform. Finaly, hemoglobin is more sus- 
ceptible to irreversible denaturation than myoglobin. 


This may be due to the close proximity of the, 


four sub-units in hemoglobin which, m the partly 
uncoiled state, may interfere with each other in the 


peepee Ae of the peptide chain. 

or not the structural configuration of the 
myoglobin molecule is of general will be 
determined only by the etudy of invertebrate hemo- 
globins and myoglobms, the amino-acid balance sheeta 
che aalie reta natn 2). 


lar weight 18,000), which has been 
pure crystalline state, contains only one histidine 
residue per molecule, and it differs from mammalian 
myoglobins and hemoglobins in the content of all 
the other amino-acid residues**. Considering that, 
apart from Aplysia myoglobin, investigations have 
been carried out on the hsmoglobins of only very few 


Ponta H. A, “ 
E 











In een i ye ebra ies ref. 51). In the cases of mammatian 


; Oys., cysteine. 


invertebrates and on material which was incompletely 
purified and scarcely sufficient in quantity for accurate 
analysis by the methods then used, it is possible that 
farther work may reveal the existence of a hemo- 
globin devoid of histidine. That histidine is not æ 
universally distributed amino-acid is shown by its 
absence from the proteins of certain strains of 
viruses**, The hamochromogen criterion has, how- 
ever, shown that in a hwmoprotein deficient or oom- 
pletely free of histidine, the hwm-binding role of the 
mmidazole ring could be taken over by the e-amino 
group of lysme or even by & terminal «-amino group. 

Indeed, it is only the study of hemoglobins and 
myoglobins of different origina, which show the greet- 
est di in their amino-acid compositions and in 
their nel and chemical that wif 
reveal the nature of the structural common 
to all of them (but not to other hæ ins which. 
only undergo oxido-reduoction) that confers on the 
divalent iron of the hem the property of combining 
reversibly with molecular oxygen without undergoing 
oxidation. 

I am indebted to the Wellcome Trust for a research 
grant, to Dr. J. O. Kendrew for sperm. 
whale myoglobin, and to Dr. O. H. Bamford and 
Dr. W. E. Hanby for samples of polylysine. 
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NEWS and VIEWS 


Physiology at University oleg London : 
rof. A. F. Huxley 


Mrz. A. F. Huxiwy, who was recently ointed 
to succeed Sir Lindor Brown (Nature, 185, 738 ; 
1960) as Jodrell profesor of physiology at 
University College, London, is well known inter- 
nationally for his very distinguished research record. 
Among his contributions may be mentioned the 
important part he played in elucidating the mechan- 
ism of the nerve impulse and in proving the ‘saltatory’ 
nature of propagation in myelinated axons. More 
fcently, he turned his attention to the microscopic 
structure of muscle fibres and was able to olarify 

greatly the sequence of the structural changes which 
occur in striated musclo during activity. Throughout 
his experimental work, he has tackled aittouttes with 
a remarkable technical ingenuity and mathematical 
akill, developing important new instruments as well 
as theories as he went along. A. F. Hurley started 
at Cambridge and Plymouth, im collaboration with 
Prof. A. L. Hodgkin, a Peo whioh proved 
extremely fruitful and continued for many years. 
During the Second World War, Huxley was engaged 
in operational research, first with Anti-Aircraft Com- 
mand and later with the Admiralty. In 1041, he 
became a Fellow of Trinity College ; his most recent 
Cambridge appomtment was to a readership at the 
Physiological Laboratory. He was el to the 
fellowship of the Royal Society in 1055. Although 
Huxley’s research work is highly specialized, his 
scientific interesta oover an unusually wide range, and 
many physiologists feel indebted to him for the help 
they received during the period of his editorship of the 
Journal of Physiology. Those who visit the meetings 
of the Physiological Society eu, are well aware 
of Prof. Huxley's abilty to penetrate scientific 
problems of a diverse nature. No doubt, m his new 
appointment, he will find plenty of opportunities of 
applying this gift. 
The Overseas Civil Service ` 

Is an adjournment debate on the Overseas Civil 
Service on July 11, Mr. B. R. Braine, Mr. J. Callaghan, 


and Mr. J. D. Tiley premped the claims of the Over- 
seas Civil Service. Mr. Julian Amery, Under-Secretary 


of State for the Colonies, who ied for the Govern- 
ment, said that the strength of their plea was fally 
aubjoct and the 


E tie anions of the 
lem. He agreed that strong, 
ia and Hones administration had been DALEET 
greatest contribution to the development of the 


colonies and that one of our main tasks is to leave 
a strong local administrative service. This is partly 
& matter of establishing proper principles governing 
the local administrative services, of them out 
of politics, and of making appointments the respons- 


- ibility of public service commissions. It is also a 


paeten Sees, ee Oe TE 
many years to come, and particularly of discovering 
ways and means of encouraging them to stay and go 
on serving now that the Secretary of State, as power 
is transferred, can no longer offer sesurance of a 
career structure and promotion or guarantee 
jobs in Britain. There must instead be special induce- 
mente to serve, and special co tion for loss of 
office, if and when it comes. present there are 
15,000 pensionable members of the Overseas Service, 
including 7,000 in Hast Africa, 1,500 in Nyasaland 
and Rhodesia, and 2,000 in West Africa, and in 
addition more than 10,000 are on contract. It is 
our duty, he said, as well as our interest, to see 
that, as these territories move to independence, they - 
have an administrative structure which will enable 
them +o maintain stability and to achieve some 
economic and social expansion. Mr. Amery said he 


-could not make a statement that night, but he 


assured the House that the Secretary of State for 
the Oolonies regards the problems raised as of the 
highest importance and calling for urgent solutions. 
British and Foreign School Society and Borough 

Road College 

Tax Nuffield Foundation has given £50,000 to the 
Borough Road Oollege, Isleworth, for a new science 
block which will house mathematics, biology, chem- 
istry and physios im one building. It will be known 
as the Nuffield Science Building. This independent 
College has a long tradition of producing teachers of 
mathematics and science, and the Foundation has 
made the grant to enable it to mcrease the number 
of specialist teachers of these subjects. Borough 
Road College belongs to the British and Foreign 
School Society, which is contributing £75,000 towards 
the general expansion of the College. Wrth the aid 
of a capital grant from the Ministry of Education, 
it will be able to raise the number of students from 
320 to 500. The College is one of the oldest teacher- 
training colleges in the world, and recently celebrated 
its 150th anniversary. 
Science and the Public 

Ty his foundation oration, “The Diffusion of 
Knowledge”, at Goldgmiths’ College, University of 


372 


London, on March 17, Dr. Michael Grant, president 
and vice-chancellor of the Queen’s University of 
Belfast i 


the use of television or sound-radio (Pp. 15. London : 
Goldsmiths’ College, 1960). The amount of actual 
knowledge imprinted on the adult general publio by 
these medis remains infinitesimal im comparison with 
what is gathered from primted books ; end Dr. Grant 
directed attention to the fact that commercial advert- 
wera still spend only 18 per cent of their funds on 
pats reas ta ec Sap a The sale of in- 
formative paper- books, of which first editions 
of as many as 50,000 might be printed and sold, was 
further evidence of the existence of a demand for 


po 
Nees oe the F problems involved in 


tion, Dr. Grand rered to the diftouliy’ of erori. 
floation but emphasized that good po ion 
could create the atmosphere for good soho , 
in which before long important new research d 
arise: diffusion and stimulus could go together. 
There were also problems of vocabulary and ta- 
i ce ee nor was it poamble to 

ouncements on moral or even 
meal seri m a smattering of reasonably 
accurate knowledge, however, would make the non- 


le try to convince them, and the spreading 
to the problem summed up by Sir Charles Snow as 
oe of The two cultures. That problam could not be 

eft entirely to the universities, though he thought 
ey ey ee nae 
habit of mind which will make ita studenta want, 
both before and after graduation, to take an - 
minded -iterat i at Teaak somntkmi worth whia 
outside their own, careers. In conclusion, be appealed 
ee ee ee a 

this extremely difficult, heavily criticized but fas- 
cinating task of popularizing knowledge, which was 
worth doing and had to be done, and was more 
likely to be done successfully by teachers than by 
most other people. 


New C.S.I.R.O. Sugar Research Laboratory 


Ir is announced that a new Bugar Research Labor- 
ph Matas eta hl Bay circa ars cain 
Industrial Research Organization, to form part 
Gf Shs i a Chery al ages Tab erator 

in Melbourne. The decision to establish the Labor- 
atary bas come after considerable discussion with 
representatives of the sugar industry, which is 
presen ae ego tone hay P surplos in 
oduction. The surplus corresponds to 

ion tons of sugar oane per year. Aus- 
tes age Gee cee tne Ce Sages 
Refining Co., Ltd, has agreed to contribute £2,500 
per annum towards the running costs of the Labor- 
story. Dr. H. H. Hatt, previously officer-in-charge 
of the Organization’s Organic Chemistry Section, has 
been appointed leader of research in the new unit. 


The Output of Scientists In Scotland : 1600-1950 


“The Output of Scientists in Scotland, 
wo published in The Bucentes Review, 
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July 1960, R. H. 8. Roberton advances evidence 
that from the beginning of the seventeenth until the 
middle of the eighteenth century the proportion of 
scientista born in Scotland who emigrated 
increased : from then until about 1825 it tended to 
decreage, and in that year 71 per cent of the scientisia 
solected for hia sample died in Scotland, compared 
with 48 per cent in 1750. From 1825, however, the 
proportion of scientifically gifted Scots who 
i st an alarming rate, in spite of a alight 
evening off m the curve and even a recovery in recent 
years. Since a high pr ion of the net loss of 
i from Scotland of about 24,000 a year is 
from the more intelligent clagses, Robertson urges 
that action is imperative uf disaster is to be prevented. 
Sootland, he claims, produces 20 per cent of the 
ila rahi of seientisie and technologists, but 
cent of British scientific posts are 
nee her boundaries. Attributing the 
doling in tho mambar of Soot poste ciel to tho 
of research 


Boatland ahead we Treaa to aboce Ute A oF 
the British total. 


Museum of Applied Science of Victoria, Melbourne 


THE annual report for 1958—59 of the Museum of 
Applied Science of Victoria, Melbourne, records the 
welcome news that tenders have been accepted for 
building extensions and that it is hoped to complete 
the work by the end of 1960. As ar e aps will 
be moreased by about 50 per cent, this be ti 
greatest expansion of the Museum since its foundation 
in 1870 (Pp. 80. Melbourne: Museum of Applied 
Science of Victoris, 1960). Major displays include 
exhibitions celebrating one hundred years of State- 
operated railways in Victoria, pea | telephones; 
and a sectioned model of ẹ reactor. The increasing 
interest in space exploration and upper atmosphere 
reeearch led to the installation of a working exhibit 
showing satellites in orbrt around the Earth. A 
working exhibrs was also made to demonstrate the 
behaviour of & low-voltage halogen-quenched Geiger 
tube and rta use for radiation measurement. The 
circuit imchides a ing-rate meter for visual 
monitoring and & TSE Sa for aural monitoring. 


Indexes for Sclentific and Technical Reports 
Ax investigation by tho Research Department of 


symposia, 
prompted by an mquiry which cited some examples 
of unindexed publications of this type, established 
that half the published proceedings and reports of 
such conferences are provided with neither subject 
nor author indexes. on & survey of some 205 
such publicationa noted in the British National 
Bibliography during January 1956-September 1959, 

inclusive, the survey showed that 59 per cent were. 
without subject indexes and 66 per cent without 
author indexes, 50 per cent being without both. 
Publications of 301-400 pages were best provided 
with subject indexes (66 per cent), whereas 90 per cant 
of those of up to 100 pages were without, 71 per cent 
of thoge with 101-200 pages, 57 per cent of those with 
201-800 pages, 54 per cant of those with 401-500 
pages and 50 per cent of those with more than 500 
pages. The position appeara to be worsening, the 
percentage of publications without subject mdexes 
in 1956 bemg 47; in 1957, 60; 1958, 61; and in 


No. 4735 July 30, 1960 


1959, 68, although the latter year is incomplete. A 
breakdown into broad subject groups showed that 
for biological and allied sciences the 


i le time-lag 


prepare were oven less likely to contain subject 
those issued in the same year se the 
meeting. About a quarter of the reporte were pub- 
lished by the organizers of the conferences them- 
selves, and of these 79 per cent were without; about 
three-fifths of the remainder were issued by four 
publishing houses, and for these the 

without subject Indexes were 59, 96, 48 and 33. For 
Te e i apap T chee pa 
percentage without subject indexes was 85 per cent, 
and it is worth noting that all ten issued by one and 
seven out of eight issued by another had subject 
indexes. The risk that mformation sought in such 
reports may not be found is further illustrated by a 
more detailed example of a random sample of five 


organizations. 


use of a micro- 


taken for a typical decimal addition is 44 paeo. 
the most interesting feature is that it is one 
of the first British oo ubere to i an, auto- 


Another feature is the large magnetic core 
store, Soh bisa ake) OF ay S we of 
44 bits each. Further storage is provided by mag- 
netic tape, each tape being capable of holding several 
characters, with a peak transfer 


Radio Frequencles and Space Communications 
Tun increasing demand for frequencies for various 
applications of radio technique has led to a aes ae 
congestion in the radio-frequency spectrum. 
autumn meetings in Geneva, the ioe 
Telecommunications Union gave earnest considera- 


i vehicles m space. 
For the information of the United States Senate 
Committee on Aeronautical and Space Sciences, a 
report, by Edward Wenk, jun, has recently been 
issued under the title “Radio Frequency Oontrol in 
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Space -Telocommmunications’” (United States. 86th 
2nd Session. Legislative Reference Service— 
Library of Congress. Pp. viit235. Wi 


ashington, 
D.O.: Government Printing Office, 1960). This 


ropors explains the dependane of tho exploration of 
space on radio communication, reviews briefly the 
technic considerations which determine the selection 
of frequencies for various and summarizes 
the history of international agreements on, frequency 
allocation. An outline is given of the organization of 
the International Telecommunications Union, with 
its technical advisory body, the International Radio 
Consultative Committee, and ite relationship with the 
International Oouneil of Scisntifio Unions, to which 
are affiliated the International Scientific Radio Union 
and the Committee on Space Research. 

While most of the report is concerned with problems 
domestic to the United States in the allocation and 
control of radio frequencies for all purposes, some 
extensive appendixes inolude the report of the ad hoo 
coun Oy oe, Feces Wee or Uae i 

by the United Nations General Assemb 


by 
ion Boerd of the International Telecom- 


renleatins Union ania sob of the Hadio Reco 
tions and Frequency Allocations ad by the 
Administrative Radio Conference of Union at 


Geneva in 1959. These appendixes make the U.S. 
report a very useful work of reference to those 
interested in international radio matters. 
Tectonics of the Gobi Mountains 

Deo oe eee 


xone in the Gobi mountain range, as resulting from 
the of December T, ‘1987, and April 7, 
1958, is eee P. Solonenko and N. A. 
Florensov (Priroda, 2, 1960). The disturbed 


e tea aA gisths Cano ot Bae 
several horste and rift-valleys, ee HELGalieg SAG 
dimensions 27 km. long and 800 m. wide. 


Newly Discovered Rock Shelter Art in Malaya 


but 


e aaa oa a aa discevered. deobtaied aoc: 
shelter walls near Ipoh, Perak, Federation of Malaya. 
Theee latest discoveries ae 


Man for January 1960 by J. Mi Matthewa, ourater 
of ete one Federation of Malaya. Animals, men 

ee i ee ee 
(red), and at least three styles oan be 
Most of the caves in Malaya have been dug cave 
earth and guano, so there are few undisturbed 
deposits. No correlation of this new-found art with 
any known culture is possible. Comparison of draw- 
with oak a oe a on 


ventionalizations are what one oxpect to occur 
anywhere independently. a pa ne ania ed 


Malayan arb will become known, and also why it 
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was made. In the meanwhile, one must be grateful 
for the excellent account here grven. 


The First Forty Years of the Royal Soclety of 
London 


' Aw exhibition has been arranged at the Science 
Museum to illustrate the first forty years of the Royal 
Bociety of London. The exhibition is mainly bio- 
graphical, and illustrates the scientific life and work 
of some men, who were Fellows 
during the period 1660-1700. The exhibite consist 
of a collection of portraits portraits (enlarged p pomon o of 
engravings), copies of the Fellows’ scientific 
tions, photographs of early documente of the a 
and a small collection of instruments and apparatus. 


British Men of Sclence 


To coincide with the tercentenary of the Royal 
Society, the preparation of a new series, British Mon 
of Sotence, is announced by Nelson under the general 

of Sir Gavin de Beer. The series will be 
designed to provide authoritative but short lives, 
written by leading scientists and intended for the 
general reader and university student. So far, twelve 
volumes are in tion, but others are being 
actively planned. are: “Joseph Black”, by 
Prof. Douglas McKie ; io nee Derwin”, by 8 
Gavin de Pri vy”, by Sir Harold 


; “Wiliam Herschel”, by “Angus laren 

“Charles Lyell” , by Sr Edward Bailey ; “William 
Henry Perki m by Prof. Jobn Read; eee 
Priestley”, by E. W. Gibbs; ‘Ernest Rutherf 

by Sir Ernest Marsden ; “Michael Soot”, by Prof. 
Lynn Thorndike ; “Joseph John, Thomson”, by Sir 
George Thomson. The series, which will be fully 
illustrated, is to be in lime and half-tone and will 
contain, a list of books for future reading. 


“Non- -Enzymic Reactions of Indoles with Coen- 


zyme |’ 

Prof. 8. G. A. Alivisatos, G. A. Mourkndes and A. 
Jibril write : ‘In a previous communication (Nature, 
186, 718; 1960) we described oertain interactions 
occurring between indoles and coenzyme I. While 
recent evidence obtained in our laboratory with a 
number of other indoles and with the reduced form 
of coenzyme I confirmed our original observations, 
pointing towards an interaction of the mdole with 
the nicotinamide moiety of the oxdized form of 
coenzyme I (probably, a charge transfer complex), the 
previously reported decrease in abgorbancy observed 
in the ultra-violet region below 310 my was later 
shown to be an artefact produced by stray light when 
one Tae TE at high concentration 
in the blank”, 


Announcements 


Pror. P. B. Mepawakz, C.B.E., F.R.8., Jodrell pro- 
fessor of zoology and comparative anatomy at Univer- 
sity College in the University of London, has been 
appointed director of the National Institute for 

ical Research, Mill Hill, London, as from 
August, 1962. Prof. Medawar succeeds Sir Charles 
Harington. 

Tua following have been elected honorary members 
of the American Institute of Nutrition: Lord Boyd 
Orr, Dra. W. A. Aykroyd, F. B. Berry, F. R. Boud- 


Jones ; 
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reau, R. O. Burgess, F. W. Clemente, Dr. D. P. 
Cuthbertson, V. N. Patwardhan, Prof. E. F. Terroine 
and Prof. A. I. Virtanen. This is the first occasion on 
which the Society has elected honorary members. 


Da. J. H. GARBER has been appointed director of 
the Center for i Reena of the National 
Institutes of U.S. Department of Health, 
Education and Welfare, in sucocesion to Dr. G. 
Halsey Hunt, who is now chief of the Division of 
General Medical Sciences, of which the Center is a 
component. 

Dez. J. J. Guman, of the Research Laboratory, 
General Electric Co., Schenoctady, is to give &a 
lecture on “The Physical Nature of Plastio Flow”, 
under the auspices of the Metal Physics Committee of 
the Institute of Metals. The meetmg will be held 
at the Institute’s headquarters, 17 Belgrave Square, 
London, 8.W.1, on Tuesday, August 16, and from 
which further information can be obtained. 


Tua Belgian Society of Pharmaceutical Sciences 
is organizmg an International Symposium on 
Chromatography in Brussels during September 16-17. 
Further information can be o 


Belgisch Genootecha 
schappen, 11 Archimedesstraat, 


Tas Universities Federation for Animal Welfare is 
holding a Bummer Congress at Culham College, 
Abingdon, Berks, during 16-22. Further 
information can be obtai from UFAW (Summer 
aaa Ta Lamb’s Conduit Passage, London, 

Cul. 


A NON-RBBSIDENTIAL summer school on ‘Numerical 
Analysis” will be held m Oxford during September 
28—-October 7. The object of the course is to teach 
the elements of numerical analysis in the flelda of 
linear algebra and differential equations to users of 
automatic digital computers in industry, govern- 
ment and university departments. Further informa- 
tion can be obtamed from the Secretary to the 
Delegacy for Extra-Mural Studies, Rewley House, 
Wellington Square, Oxford. 

Tus fifth International Instruments and Messure- 
mentas Conference and Exhibition are to be hald in 
Stockholm during September 10-17. The Conferance 
is organized by the Royal Swedish Academy of 
Engineering Sciences and the Swedish Association, of 
Toohnical Physicists. Further information con- 

the British participation can be obtamed 
from Chief Preas Officer, U.K. Atomic 
Authorrty, 11 Charles II Street, London, 8.W.1. 
4 Tas first British Congress on “The History of 
Medicine and Pharmacy” ee ore 
Faculty of the History of Medicme and Pharmacy at 
P Sifoi ie Society of Apothecaries of London, 
tion with the Royal Colleges and the 
ciety of Medicine, and held in London during 
oe 20-30. Further information can be 
ai from Dr. F. N. L. Poynter, Wellcome 
Historical Medical Library, The Wellcome Bunding, 
Euston Road, London, N.W.1. 


As from July 31, the Imperial College of Tropical 
Agriculture is to be merged into the University 
College of the West Indies, and the College will be 
known as the University College of the West Indies, 
Faculty of Agriculture (Imperial College of Tropical 
Agriculture), Trinidad, West Indies. The London 
office of the College is to be closed as from August 31. 
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DOCTOR RUGGLES GATES AND THE ABORIGINAL AUSTRALIAN 


By Pror. A. A. ABBIE 
Department of Anatomy, University of Adelaide 


. R. RUGGLES GATES has recently 


Mee Ga ay aa on odes ening 
aborigines*. The first reaction to these papers is of 
profound admiration that so much could result from 
so brief a visit and that such far-reaching conclusions 
could be extracted from such scanty material. 

Iam noc a geneticist but over many years have had 
close personal contact with large numbers of aborigines 
in most parte of the continent and it is against that 
background that Dr. Gates’s contributions are 
considered here, 

In the first place it is necessary to point out that 
Dr. ee ee 
makes—this is when he is repeating the findings of 
earlier workers. His paper on the genetics of inter- 
breeding* is beyond my competence except to = 


tree almost entirely a matter of faith 
Peale a Bc Abs Ade. His second 
paper is concerned mainly with full and 
raises a number of points (same are common to both 


E E PE 
head-form and they will be reviewed in that order. 
aro born pinkish yellow (not white) 
in a few weeks or so according to the 
dng of ole expetre We have never seen a 
sacral (‘mongolian’) Derkening of the skin 
usually stope at a warm medium vandyke, butit may 
darken further on intense exposure in the desert or 
in the extreme north. Protection from the Sun, as in 
fat creases, but more pertioularly when clothing is 
worn habitually, causes the skin colour to fade— 
sometimes almost to the original pmkish yellow— 
and in the letter case undue exposure may lead to 
quite severe sunburn’. Dr. Gates is evidently 
aware of this work yet he attributes a yellowish 
shade in some north 


ically y 
In fact, the condition was first described in Western 
Australia (at New Norcia) in the middle of the last 
century, and Grifftth Taylor’s original observations 
on fairheadedness were also made in Western Aus- 
tralia. We have noted fairheadedness on the south 
coast at Fowler's Bay; in central Australia it is 


Se ee ee oo ee 


Dr. Goa iain Gels eas Gta Os oan 
of curly or frixsy hair (associated with short stature) 
the i 


eensland aborigines. otographs 
published by Tindale and Birdsell' reveal hair-forms 
from practically straight to deeply curled, and that is 
what is found normally in all igi 


aS groups 
anywhere in the continent*. In the extreme north 


admixture ( (naling blood group B) Also, Dr. Gates 
does not take into t (although he is aware of 
the fact) that in the last century some thousands of 


but 
without leaving their mark on the local 
i The most tightly curled hair seen by me 
to a Pitjantjara male in central Australia, 
about as far away from the coast in any direction as 


‘negritos’ of northern Queensland. For 9 Monamona 
males he gives a range of 141-5 om.—161°5 am., with 
a mean of 155-8 am. However, is an 
acknowledged dwarf: without him the range is 
150-0 om.—161-5 om, with a mean of 157:6 om. 
Our (unpublished) figures, based upon about 80 adult 
males in each case, for four areas across the continent 
are: south (Fowler's Bay): 146-0 om—174-0 om. 
(mean 163-1 om.); oentre (Pmtubi): 152-0 an— 
180-7 om. (mean 167-1 om.) ; (Wailbrai): 159-5 om.— 
180-1 om. (mean 170-8 om.); northern Arnhem 
rte (Burera) : 150 -4-187-3 om. (mean 169-6 om.). 


sample he would have been less positive about the 
pygmoid character of the northern Queensland 
The shortest adult male aborigine ao far 

; pss Mig ee ga 
Australis, but 


peop anywhere. : 
that half-castes show heterosis, bemg larger, better 
formed and more fully developed; this we cannot 
confirm. 
The shape of the skull is another factor Dr. Gates 
adduoces to support his views on the ‘negrito’ character 
of north Queensland . The range of 
cephalic indices in his series of 9 was 70-56-81-76, 
with @ mean of 74-48 (the highest index caine from 
the dwarf previously mentioned). 

for our were: Fowler's Bay: 


figures 68 -2— 
79-2 (mean 78-3); Pintubi: 66-2-81-4 


(mean 71:5) ; 
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Wailbrai: 67-4-84-3 (mean 73-5); Burera: 64-2- 
80:0 (mean 70-9). Obviously, while the ranges are 
wider, some of these means are very close to the 
northern Queensland mean, and many of these heads 
are much more brachyocephalic. Indeed, if the 
dwarf were eliminated the Monamonsa mean would 
not differ materially from any other aboriginal mean. 
One further point: while Dr. Gates tacitly endorses 
my view’ that head-length and head-breadth vary 
independently, he evidently did not read far enough 
to gain some insight on brachyoephaly. It is true 
that, ceteris paribus, head-length is determined 
genetically (subject to some environmental modifice- 
tion as Boas has shown) in fully developed adala, but 
it is not necessary to mvoke any involved genetic 
mechanism to explain short-headedness in oid 
people. These are in an infantile state of development 
and their heads betray the characteristically infantile 
brachyoephaly. 

There is no space here to mention a number of 
factual errors in Dr. Gates’s papers, and certainly no 
necessity to follow his excursions into archpology 
and geology. Perhaps it is best to conclude with one’s 
own views, based upon the examination of several 
hundreds of aborigmes in various, widely separated, 
parta of the continent. 

Aborigmes betray a fairly wide range of physical 
variation, but such variation is intratribal, not inter- 
Em That is, the tribes, practically anywhere, show 

in the range of variation, and the means 
fr the tribes come out remarkably close to each 
other. This implies a high level of physical homo- 
geneity throughout the continent—all the more 
singular because the maximum aboriginal population 
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is said never to have exceeded some 300,000 and such 
a small number, in small in groups 
throughout an area of nearly 3,000,000 square miles, 
surely had little chance of achieving such uniformity 
by interbreeding. On the contrary, genetic drift in 
what were practically isolates would be expected to 
produce a wide physical diversity from one end of 
the continent to the other. The fact that what 
diversity occurs is but shght points to a few tentative 
conclusions. It suggests first that the initial aboriginal 
landmg comprised only a relatively amall party 
brmging only a lmited genetic pool. The second 
conclusion is that there had been a mmimum of 
subsequent admixture with other peoples before the 
advent of Europeans. Thirdly, the aborigines 
could have occupied Australia for only a relatively 
short period—vcertainly not long enough to produce 
any obvious physical differences from place to place. 
This last is in harmony with their uniformly mesolithio 
culture’ and with carbon-14 datings which, so far at 
least, cannot certainly be associated with human 
occupation beyond about 6,000 B.o. 


1 Gates, E. Ruggles, Act. Gon, Med. Gem., 9, 7 (1980). 
‘Gates, E. Ruggles, Z. Morph. Anthrop., b0, 150 (1900). 
TADS ON A, and Adey, W. R., Amer. J. Phys. Anthrop., 11, $39 


‘Abbie, A. A., The Leech, £8, 120 (1058). 


"Abbie, A. A., Oossmes, £3, 01 (1051). 
ew ee Symp. Quant, Mhol., 18, 259 
(1950). 


’ Tindale, N. B., and Birdsell, J. B., Ree. S. Aust, Mus, 7, 1 (1041). 
* Basedow, H, “The Australian Aboriginal” (Preece, Adelaide, 1 

* Abbie, A. A, J. Anat. (Lond ), 81, 233 (1947). 

1% Abbw, A. A, Ocsmma, $7, 220 (1057). 

u Abbie, A. å., and Adey, W. R., Osama, 35, 198 (1055). 


HERBICIDES AND THE SOIL 


ODERN techniques of herbicidal applications 
fall into two groups. Direct application may 
be made to the soil followed by absorption through 
the roots or applications may be made to the foliage 
where entry is largely dependent on penetration 
through the leaves. This distinotion is not, however, 
clear out, since with foliar applications some of the 
droplets ‘will fall on the ground while some of the 
compound may be washed off the leaves by rain. 
Thus for both types of technique it is of major 
importance to ascertain how long individual com- 
pounds persist in the soil, what are the physical or 
biological factors which cause their removal or 
decom: n and what are the affects on the fauna 
and flora of the soil. It was against this background 
that the British Weed Control Council organized a 
symposium on ‘Herbicides and the Soil”, which was 
held m the Olarendon Laboratory, University of 
Oxford, on April 7. 

The opening speaker was Prof. L. J. Audus (Bedford. 
College, London) on ‘Microbiological Breakdown of 
Herbicides in Soils”. Before direct investigations on 
the rate of decomposition of herbicides was undertaken, 
it had bean observed in the fleld that the persistence 
of some, aa ju by the effects on plant growth, 
was minimal the soil was moist and warm, 
conditions generally ee as being favourable to 
micro-organisms. Since these conditions could also 
favour chemical decomposition it was difficult to 
seperate the operative factors except in the laboratory. 


The fact that breakdown in the soil was largely 
arrested by autoclaving and that the addition of 
com: known to be inhibitory to micro-organiams 
also slowed down the rate of decomposition pointed 
to the conclusion that micro-organisms were in- 
volved. 

If micro-organisms are msible for the breek- 
down of a herbicide, then the addition of such a 
compound to the soil under constant and favourable 
conditions will not result m immediate breakdown, 
as in a chemical process, but there will be a lag 
phase while there is a build-up of the population of 
the effective organisms. 

At Bedford Oollege the perfusion technique has 
been employed to study the breakdown of subasti- 
tuted phenoxyacetio acids and in every case the 
existence of a lag phase has been demonstrated. 
It has also been éetablished that once decomposition 
has taken place in a soil, then the speed of breakdown 
of a further addition of the chemical is mareased. 

In 1950, Audus isolated an organism of the Bao- 
tertum globyforme group which was able to multiply 
on an agar medium containing 2,4-dichlorophenoxy- 
acetic acid as the sole source of carbon. This organiam, 
when added to garden soil, immediately accelerated 
the rate of breakdown of 2,4-dichlarophenoxyacetic 
acid. Since this original isolation, it has been found 
that a wide range of bacteria, actinomyostes and 
fungi are capeble of using herbicides as their only 
source of carbon. 
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For the substituted phenoxyacetic acids there is no 
clear correlation between the duration of the lag 
phase and chemical structure, but it is apparent that 
the position on the ring of a single chlorine substituent 
is important ; for example, a change of the substituent 
from the 4 to the 2 position makes the 
much more resistant to attack In di- and tri- 
substituted a wets ee Eek 
substitution overrides the influence of other substitu- 
tions. N. Brownbridge, however, to discover 
whether ease of breakdown was li with the level 
of phytotoxiaity of the chemical to higher plants as 
judged by the concentration necessary to reduce the 
rate of growth of creas roots by 50 per cent. Exoluding 
the value for 2-chloro-4 cnet y nena y asetit acid, 
there was a highly Inverse correlation. 
‘Tho position of #-avlore-4 meth henoxyacetic acid 
“was anomalous ; the lag phase was far too long, judged 
on the degree of phytotaxisity. 


substituted 

acetic acid was then added, the breakdown of the 
second compound was rapid ; for example, even after 
prolonged perfusion 2,4,5-trichlorophenoxyacetio acid 
very slowly decomposed but 2-chloro-4 methyl- 

acid treated soil can break down 
patah acid more readily. Soils 
first treated with other phenoxyacetio acids did not 
gain the power to attack other compounds to the 
same extent. 
© Prof. W. W. Fletcher (West of Scotland 


micro-organisms, 
ultimately one of stimulation as one or more species 
became adapted to use the herbicide as a substrate. 


2-chloro-N,N -diethylacetamide 
diallylacetamide when applied at normal rates 
m the field. There is a agreement that 
2-chloro-4 methylphenoxyscetio acid, 2,4-dichloro- 
phenoxyacetic acid and 2,4,5-trichlorophenoxyacetio 
acid at the normal rates employed in agriculture have 
no adverse effects on the total number of micro- 
organisms, and it would. Ee De e E 
pionio acid augmente rather than depresses the general 
sou population. 

The species of one genus may vary greatly in their 


l, pia p. Ard for inhibition, 

Hartley (Chesterford Park Research 
Station) spoke on the “Physico-chemiocal Aspects of 
the Availability of Herbicides in Soils”. 


In the simplest oase, if the water content is at 
‘field capacity’ and a non-volatile water-soluble 
herbicide is applied uniformly to the soil surface, 
then aa long as the system remains undisturbed the 
herbicide can move only by diffusion in the water 
phase. The rate of this movement can be caloulated 
and for molecules of the size of herbicides 1 per cent 
of the applied chemical will move rather more than 
2 ft. downward in three years. The presence of solid 
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matter in such a system as well as air locks reduces 
the ‘expected’ rate of diffusion. When corrections 
for these obstacles are applied to the theoretical 
figure it is apparent that 1 per cent of an applied 
soluble herbicide might take twelve years to reach a 
depth of 3 ft. It must therefore be concluded that 
the downward movement of herbicides in the field 
is not by diffusion alone. 

Again in an ideal uniform system, and assuming 
field capacity to be 35 per cent v/v, 10 am. of rainfall 
won ayer © ny one ee eee 
40 am., where it would be localized in a narrow band 
In the field where a soil is heterogeneous the herbicide 


could be largely explained in terms of the heterogen- 
ony of the soil system. 

to measure the rates of movement of 
hechinidee downwards have all from field 
conditions by ing ‘rainfall’ at extremely heavy 
rates and thereby introduced large errore. Relatively 
insoluble herbicides go mto solution slowly; for 
example, a sphere of trichloroacetic acid bu in redus 
might dissolve in seconds, whereas a sphere of simazine 
of identical size would take 80 hr. Therefore, unless 
rainfall is prolonged, the more insoluble sub- 
stances may resist leaching due to their failure 
to go into solution, although sufficient water in 
toto may be applied to take all herbicides into 
solution. 

Upward movement of a herbicide in the soil is 
induced by the evaporation of the soil water. r- 
ation will take place almost entirely fram the 
of a wet soil, but as the capillary conduction system 
breaks down the rate of loss of water falls sharply. 
This movement of herbicides will accentuate 
a tendency for herbicides to be concentrated near the 
surface of the soil in dry weather. 

Even at a rate of application of 100 gal./acre the 
sorption of a spray solution into the capillaries of a 
Pi een be quite pronounced and subsequent 

chemical from such places is by the 


before the granules release their active content. A 
simple experiment using a freely soluble dye added 
to plaster-of-paria columns showed that the extrac- 
tion of the dye passing through the columns was far 
more complete and far quicker if the columns were 
first wetted with water. 


Dr. W. van der Zweep (Wageningen) contributed 
to the meeting a consideration of the practical use 
of herbicides in relation to their in the 


soil. Frequently, the rate of application and the 


that must be accepted if a following crop is to be 
safeguarded. Mechanical incorporation of a chemical 
into the soil increases the persistence if the chemical 
has a high vapour pressure. -In other cases incorpore- 
ae ae A E and 
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also assists subsequent breakdown so that a following 
crop may be sown with increaséd safety. Persistence 
may be varied to the formulstion of the 
chemical used. Dr.*van der Zweep brought his oon- 
tribution to an end by appealing for information on 
the half-life of herbicides, a half-life determméd in 
the first Instance in standardized laboratory testa. 


s 
r n os 


NTINUING earlier seminars! in the Depart- 
of University College, 
given during February 
Drs. 0. H. P Bamford and J. A. 
Kiteohener summarized work (some of which has 
been, _ published". +) on oaloulation of free-radical 
and stability of colloidal model suspen- 
sions. Prof. J. A. V. Butler discussed some flow 
ies of dilute solutions of deoxyribonucleic 
acid in 0-2 N sodium chloride, the rate of shear being 
varied in-the range 0-5--30,000 sec.-', At the high 
rate of shear no permanent change of the solute 
ocourred, but some disentangling of networks. Using 
the theories of Kuhn and Kuha‘ and Cert, for the 
results obtained at low rate of shear, it appears that 
the TO naa acid molecule is somewhat 
flexible. . P. W. Allen described the grafting of 
ner deere polymers on natural rubber 
latex using hydrogen peroxide, together with a poly- 
ethylene amine, as initiators. Under these conditions 
“the graft co-polymer is mainly formed on the surface 
of the latex. If oil-soluble initiators are used, poly- 
merization of methylmethacrylate occurs inside the 
latex. Dr. O. Robinson reviewed recent work’ on 
iyqecacryetals af aynithatio peiro pida end deaeibed 
a new effect: if a concentrated solution of poly-y- 
ethyl-r-glutamate is illuminated with white light, 
briliant iridescent colours are reflected. This is 
explained as an optical analogue of an X-ray powder 
diagram. There are indications that deoxyribo- 


study of colloid~chemical phenomena. The trest- 
ment of entropy production as the sum of the pro- 
ducts of generalized forces and conjugated flows was 
outlined. Sufficiently slow flows are linearly de- 
pendent on all the forces operative im the system, 
through a seb of menological equations, the 
coefficients of which obey Onsager’s law* and oon- 
stitute a symmetrical matrix. The phenomenological 
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where the varistion would be  appareńt, and oould 
be measured. - > 

The fall FoF ths castle togair sii 
jepara of the dieni ioa whieh falliwed cach pepe 
will be published by Blackwell Scientifis Publications, 
Ltd., later this year. 
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“ “COLLOID AND POLYMER SCIENCE 


equations provide & convenient formal framework 
for the desaription of electrokinetic phenomena’, and 
permit the establishment of the classical Saren 
relations on a thermodynamic’ basis. <A similar 
treatment'* of polyelectrolyte solutions leads to new 


is useful in the analysis of 
membrane permeability : contradictions inherent 
in the conventional ions do nob occur and a 
consistent set of equations is obtained, suitable for 
the description of the transport of electrolytes and 
non-electrolytes membranes, The oo- 
efficients of these equations were transcribed in terms 
of frictional forces and distribution, coefficients, which 
characterize the interaction of the permeant solutes 
with the membrane. In the last lecture, Prof. Kat- 
chalsky discussed some fundamentals of mechan. 
chemistry”. 


H ee ma oia rns. D., and Johnston, B. Farois 
a J A , Trans. 
oe BS. E doo i 
aeo: E ant ENSA; J.A., Trans. Faraday 30c., 48, 161 
‘Zaks, W., Kahn, HL, and Budki, P., Nros. ersi. Velurw., 
t O.R dowd. Se, Peris, MA, 1875 (1050); MA, 450 C1 957). 
Behera 9 Robtnecn, O 
and Ward. T 0., eu M h is aber). Bobineon, 0., 
‘a ae L, des phénomènes 
„ 1947). do 8. B., ‘“Thermo- 
dynamis of ser Lge ibe de Pub. Oo., 
Amsterdam, 1951) 


* Onsager, L., Phys. Rov., 37, 408 (1030) ; ta, 1205 (1931). 
F., ia Ohin. Paye-Bas, 


119 (doad. 
` Ada, 37, 


sia tes B., 2 atasi, Ty ead Pe IL, “Bise and 


. Mew York) (in the press). 


IN INDUSTRY 


int bi 5 
PE etere E E Pied ab 

loying older people who may have no 
to learn all that is required to carry oub specifo 
operations, apprecisting not only what to do but 
also why it is done in è certain way. er eet 
has shown that there is no difficulty in Alling 


™ 
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of man who is sati 
job. : 
Mr. hough fa oe oon 
to look for ie solutions of industrial problema, 
expressed his strong belief that the effort expended 
would be more, efficiently used in gaining a fuller 
of the problem itself, that is to say, 

in finding the best, rather than the quickest, solution. 
Concluding with a few examples drawn from his own 
work to illustrate the points made, he mentioned the 


NATURE 


_the tensile 


379 


search for an answer to the urgent problem of over- 
coming the at elevated temperatures 
of a low carbon steel containing $ per cent molyb- 
denum. The suggestion that the trouble was due to 
grain-boundary effects which might be eliminated by 
the addition of 0-002 per cent of boron proved suc- 
cesaful, but also; as & Most unexpected by-product, 
led to the yield-point of the steel being doubled and 
being raised by 50 per cent. 
to the duction of a weldable 
grec! with a tonai stangiti of 104088 per id: in. in 
the air-cooled condition. f 


HEALTH SERVICES IN THE U.S.S.R. 


N October 1958, twenty-three individuals from 

twenty-one countries and territories were invited 
by the World Health Organization to visit the 
U.8.8.R. to study its health services. Some of the 
members of the group were public health adminis- 
ee ee 
engaged in medical or work in their own 
countries. An extensive itmerary was planned by 
the Government of the U.8.8.R. m order to allow the 
group to see as much as possible of the country’s 
health services during their etay of a little over 
five weeks. On their return, the members of the 
group prepared a report which has recently been 
Published*. 

The health services in the U.S.S.R. are organised 
to meet the requirements of a specific social system 
aad philosophy, and are designed to provide com- 

e medical care for the whole population 
through the integration of curative and preventive 
services at all levels of administration. The basio 
health philosophy in the U.S.S.R. is one of ‘prophy- 
laxis’ by health protection, and it places the responsi- 
bility for the health af the people on the State, The 
Soviet Government has recognized the part played by 
health in the eoonomy and development of the 
country, and the fact that certain population groupe 
(children, workers, etc.) require specialized medical 
attention. 

The exi health services of the U.S.S.R. are 
the result of development EAE A period of forty- 
years research. The complica structure evolved 
in this way consists of a number of institutions 
and functional units so interlocked that the result 
is a unified system embracing all health disciplines 

reaching into every locality in the fifteen con- 
stituent republics, to the smallest and most remote 


permitting 
90 per cent of problems to be dealt with at local 
levels, without disturbing the general and basic 


the o 


3, planning and supervising group ; 
(2) the academic and scientific group; (8) the 
* World Health ton. Publio Health Papers, o. 3 : Health 
Services : Report by the Partactpants in a 
Mady Tour de esi Gotu 


Organization. 58, 
1900.) 2 Swiss francs; 3s. Gd. 


London: HM. Sta’ 
«5.00 dollar. 


advisory group; (4) the educational group; (5) the 
executive group; (6) the operational group. 

The health services of the U.8.8.R., both preventive 
and curative, are available to the whole population 
free of charge, regardleas of social and economic 
status. ‘The services of health workers, whether 
highly trained medical specialists or trained feldschers, 
reach every home even in the most remote and isolated 
localities. This is le because of the ‘Stato’ 
character of Soviet medicine, and although private 
practice is not forbidden, it is so restricted that it 
exercises no influence whatever on the general set-up 
of health services in the country. The State charac- 


health budget for 1958 makes provision for an - 
expenditure of more than 40 billion roubles. This 
means that tely 200 roubles will be spent 
for every member of tha population in ono Yor But 
this does not represent the total for health 
in the Union, for apart from the ial budgets, other 
bodies and institutions are also required to budget 


and bear most of the cost of maintenance 
of their own health unites and maternity homes; the 
health authorities are only responsible for the salaries 
of medical and pera-medical staff. The same applies 
to industrial concerns. Furthermore, only part of 
the capital oost of buildings comes from the official 
health budget. , certain medicines 
for ambulatory patients have to be paid or by the 
patients themselves. 

The Soviet concept of health has resulted in a 
realignment of services which appears to be unique. 
There are three main medical fields in the U.8.8.R. : 
(a) adult medicine, (6) child medicine, (c) hygiene and 
sanitation. 

Soviet scientists feel quite strongty that a child is 
not just a miniature adult: it is a different being 


with ita own physical and sens hag 
functions, and ore requires @ 
ap Pediatrics is Gentes as not a a 


of the third year of his course whether 
he wanta to me a doctor for adulta, ah seal 
for children, and, depending on the Shioics,, will 


follow. ~a different line of study. 


Tho third medial fald ia shat of hygiene whioh 
produces graduates known as ‘hygienists’. Preventive 
medisine ig divided into (a) personal preventive 


scat rpc ESE at yg 


together with the hierarchical structure of research 
units, ensures the proper utilization of funds and 
directa research towards the more pressing problems 
of the nétion. 
All heads of divisions and departments of the 
medical 


tors. There is no nursing council as such, and the post 
of sanitary engineer is non-existent. Engineers are 
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engineer. The lay saniterian or sanitary inspector 
known in other countries, is unknown in the U.8.8.R., 


and his teak is armed. by doctors, assisted. 
feldachers. Nor are the of social workers and 
social known in the U.S.S.R. 


The number of doctors in the U.S.S.R. is high, there 
being about one doctor to every 570 of the population, 
and in some regions, such as Georgia, as ae 
1 in 400. The ratio of male to female doctors is t 
50: 50, bub in some areas 70 per cent of isi 
doctors are women. The total number of medical. 
graduates in the U.S.S.R. in 1957 was 860,000, a 
striking increase over the for 1913, which was 
23,000. It is estimated on basis of existing facili- 
ties for medical education that, by the end of the new 
‘seven-year’ plan in 1865, there will be 490,000 doctors 
in the country, which will give a ratio of one doctor 
to every 460 inhabitants. 

There were also 90,921 mid-wives in the 
U.8.8.R. in 1957, as well as 71,151 pare eae 
wives and 14,714 feldschers. It is estimated that 
by 1065 there will be 1,470,000 qualified nurses in the 
country, or 3 qualified nurses to every doctor. 


BIOLOGICAL EFFECTS OF ATOMIC RADIATION 


N 1956, a report with this title was published by the 
UB. National Academy of Sciences. It contained 


the findings and ions of six committees 
dealing with genetics, pathology, meteorology, 
oceanography and fisheries, . . and food 


intervening 
mittees have continued to collect Information in their 
separate flelds, and they have now pubHahed their 
findings and conclusions in the same form as before*. 
The is shorter than the first one, in which much 
space to be devoted to explanations of funda- 
mental scientific facts and principles. The presenta- 
tion is again admirably clear and as free from techni- 
calities as possible ; _ the main points are condensed 
understood ‘ 


At present, delayed fall-out from the stratospheric 
reservoir is the major source of airbarne artificial 
radioactivity and will remai so unless large-scale 
testing is resumed. There is a non-uniform distri- 
bution of strontinm-90 in fall-out, with a maximum at 
lat. 40-50° N. Fall-out is greatest m. 


ere is about 2—4 weeks; in the stratosphere 

ends on the latitude at which the debris was 

iL For injections in equatorial regions, the 

half-residence time is 2-5 years; for injections in 

temperate a >d polar zones it is lees than 1 year. If 

Fe Ee f Ralmicst Mitlanal Hesearot, Domnall T The 
Atomie Radiation : 


to taoma) i ory of Baleno, Bp tliA ate 
the 1060 on eb clogea! of of Aion Hath adatod. F w RTS 


~ e 
there are no further additions to the atmospheric 
burden, most of the remaining radioactivity m the 
atmosphere will have settled down by 1962-68; the 
ground concentration will then be about twice that of 
November 1958. It is certain that all living things, 
man included, now have a radioactive body burden 
higher than in the pre-atamic era, and although the 
present levels in foodstuffa are low, the cumulative 
and retained isotope burden in man must be oon- 
sidered. 

The estimate of genetical radiation damage has 
gone up as a result of the recent increase in fall-out 
and the previously unoonsidered contribution to it- 
of carbon-14. On the other hand, the finding that m 


‘ve erred on the high side. In the absence of more 
information on the effects of doge-rate and dose- 
fractionation, the committee continue to recommend 
that for the general ion the average gonadal 
dose accumulated during the first 30 years of life 
should not exoeed 10 r. of man-made radiation, and 
should be kept as far below this as practicable. In 
human tissue cultures, e pend produce detect- 
able chromosome proportion 
of cella. A alight, bat statistai ignit, devia- 
tion from the normal sex-ratio was observed among 
children of survivors of the Japanese atam bomb 


explosion ; ly this might be due to the action 
of sex-li mutations affecti aa renatal viability. 
In animals, a shortening o span through 


radiation has been, observed not only for the irradiated, 
individuals themselves, but also for their progeny. 
In man, shortening of life has not been demonstrated 
after small doses, but is to occur after 
substantial doses of whole-body irradiation. Part of 
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this expected decrease in life-span will be due- to 
leukwemis, which is known to affect, over-exposed 


pregnancy increases the incidence of leukemia in the 
children cannot be decided on the available evidence. 
Neither can it be decided whether there is a lower 
threshold to the production of tumours and leukemia 
by irradiation, but the sub-committee oe with 
hematological effects thinks it-prudent to assume 
that for leukemia no threshold existe. Mammalian 
embryos are readily affected by low doses of ionizing 
radiation. One of the most sensitive known mdicators 
of chronic biological is the gradual reduction 
in number, motility and viability of sperm, resulting 
from small chronic radiation over-expoeure. In dogs, 
effects on sperm have been observed at chronic dose- 
rates of only ten times the maximum permissible 
value for human occupational exposure. 


MODERNIZATION OF THE 


N ‘two papers published during 1952, H. Atterling 
and G. Lindström described the initial performance 
of the fixed frequency 23-om. cyclotron at the Nobel 
Institute of Physica, Stockhohn (Arbo for Fysik, 4, 


558; 1052, and Nature, 169, 482; 1952). A more 
description of the machine, whioh has 
reliably and stably for several years produ- 

internal beams of alpha- 


is given recent 
abit aeib (18, 488 and 581; 1959). The oscila- 
tor-frequency used recently is 8-1 Mo./s. and with 
this frequency the machine accelerates ions to a 
nominal energy of about 11 MeV. per nucleon at a 
radius of 90 om. Internal beam ourrenite of 


approximately 300 pamp. of 32-MeV. deuterons are 
obtained. 


In March 1958, the cyclotron was shut down and 
taken to pieces for remodelling. Previously it had 
been. run exclusively with internal beams, but when 
the dees were designed provision was made for the 
t mounting of an internal d.o.-deflector in 
one of the dees and during the reassembly of the dees 
the deflector is being installed. 
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Considerable space is, devoted to recommendations 
for future research, especially in the fleld of genetica. 
The need for basic research is stressed, and the 
relevance of mutation research on, all forms of life, 
including bacteria and viruses, is pointed out. On 
the other hand, attention is directed to problems that 
arise in human populations and have no counterpart 
in animal societies. Thus: “human society depends 
upon & diversity of performance among ite members 
nt ee a ee eee 
them. A human civilization might collapse by 
becoming qualitatively inadequate, even though 
reproductive selection of certain kinds were acting at 
high intensity and the number of individuals in the 
population remained at a level that was previously 
optimal”. These sentences have an obvious relevance 
to the questions discussed in the leading article 
“Evolution of Mankind” in Nature of February 18. 
O. AUERBACH 


STOCKHOLM CYCLOTRON 


The machine is housed in an underground hall, 
resting directly on rock and surrounded on all sides 
by rock, clay and earth. On the top it is shielded by 
& water pond two metres deep. The control room is 
in a building above ground, and the 
connexion between the building and the cyclotron hall 
is via a stairway or-a lift to the bottom of a shaft 
from which a corridor leads to the hall. A removable 
150-cm. concrete thick wall partly closes the corridor, 
leaving an opening 140 om. broad which oan be 
closed by a conorete door weighing 35 tons. The 


techniques used in the work on heavy-ion acceleration. 
in the cyclotron together with some results of the 
investigation of the energy-distribution for 10+ 
ions are outlined. It is shown that the distribution 
Mees eer ei Gia Gin ae 

ee ee of the ions. Other PpD oaiae 
of the heavy-ions, in particular for the 
production of transuranium elements, are briefly 
mentioned. 


DAILY FOOD CONSUMPTION BY SOUTH AP RUSAN UNIVERSITY 
STUDENTS 


has been the practice of the Department of 
Physiology of the University of the Witwatersrand 
to request students, as part of their physiological 
training, to keep a daily recard of their food oon- 
sumption over a defined period of time. The records 
from one year’s class form the basis of a preliminary 
report by Sonia E. Walker ; but it is hoped that data 
acoumulating over several years will afterwards be 
analysed, and will give some indication of the diet- 
ary trends im this student section of the oom- 
munity (South African J. Med. Soi., 24, December, 
1959). 
This food consumption-levels of the students investi- 
gated are similar to those reported from other parts of 


the world. In a survey of dietary levels of households 
-in the United States, the a consumption per 
person per day was found to be 2.760-3,260 calories, 
87-115 gm. protein and 183-161 gm. fat. The share 
of total calories derived from carbohydrate was 48 
per cent, fram protein 13 per cent, and, from fat, 
44 per cent. A more recent report based on the esti- 
mation of apparent civilian consumption per capita 
per day in the United States gives mean daily intakes 
of 3,160 oal., 96 gm. protein, 878 gm. carbohydrate 
and 144 gm. fat. In the United Kingdom a similar 
estimation of food consumption per head of civilian 
population per day gave 2,890 cal., 880 gm. carbo- 
hydrate, 113 gm. fat, and 90 gm. protein. 
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The mean daily fat intake of the male group of 
South African studente was 110 gm. This is con- 
siderably less than the average American intake, but 
similar to the daily intake in Britain. The mean 
protein consumption of the male medical studente is 
102 gm. per day, which is higher than that found in the 
United States or Britain. 

For practical purposes, the majority of the medical 
studentes could probably be classed as sedentary 
workers, as a large part of their day is spent in arttmg 
in lectures and in dissecting rooms, or in doing labora- 
tory work. Recommended daily allowances for young 
males doing sedentary work range from 2,400 cal. 
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and 70 gm. protein according to American standards 
to 2,250 cal. and 66 gm. protein according to British 
standards. 

The present study showed a marked sex difference 
in food intakes between the male and female students. 
This is m agreement with observations made on 
college men and women in the United States, where 
the men were found to consume more meat, milk and 
cereals than the women students. 

The calorie intake of the Johannesburg women 
students was slightly lees than that found in a gréup 
of American students of comparable age, body-weight 
and height. 


DISTRIBUTION OF ATMOSPHERIC OZONE; A PRELIMINARY ANALYSIS 
OF SOME INTERNATIONAL GEOPHYSICAL YEAR OBSERVATIONS 


By J. MacDOWALL 
Royal Soctety internatlonal Geophysical Year Expedition, c/o The Royal Soclety, Burlington House, London, W.I 


HE three years of total atmospheric ozone 

obpervations at Bay (75° 31’ Š., 26° 37’ W.) 
do not fit into the world-wide picture of the ozone 
distribution first measured by Dobson! from 68° N. 
to 44° 8. Maximum amounts of ozone are not 
observed until the equivalent of 2-3 months after 
the seasonal maxmmum in high northern latitudes, 
highest values observed in the southern 

hemisphere are lower than in the north. 
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variation found at ‘Nghia utade northern 


Fig. 1 shows that the type of seasonal variation at ` 
Halley Bay is also present, but much lees definite, 
ten degrees to the north at entine Islands; the 
seasonal variation of ozone at both stations differs 
greatly from the variation found at high-latitude 
northern stations. International Geophysical Year 
observations of total ozone at Macquarie Island, 
Melbourne, and Brisbane show @ more ‘normal’ 
seasonal variation. 

The International Geophymcal Year observations 
from twelve northern and five southern stations 
are used in Fig. 2 to illustrate the marked difference 
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1088 
Fig. 8. Smoothed results of sixteen. 
change 


ozone sondo ascents 
in the form of the ozone layer over Halley 


between the hemispheres in the distribution of 
atmospheric ozone at latitudes higher than 55°. 
The small arrows on the right of the diagram indicate 
the latitude of the seventeen stations ; ozone values 
for low latitudes, shown by dotted lines, are chiefly 
due to the work of Normand’. There is a olose 

PEE Ao TOPEA n A Birna, 


Tuly-Soptamber (oom 
during January- in the north). In these early 
goer moala wie anni ok oxen Gac tke north 
increases very rapidly with latitude, but in the south 
least oxone is found at high latitudes. 

Upper air conditions are well known to be related 


bear little or no relation to the total amount of ozone, 
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whereas in south-east England 
these measurements are closely 


During 1058 æ series of sixteen 
chemical ozone were flown 
from Halley Bay; the sonde was 
designed by Dr. A. W. Brewer‘ at 
ths Clarendon Laboratory, Oxford, 
to ft on a Kew type 
redio sonde es used by the Meteoro- 
logical Office, London. The resulta 
of these flights are used in Fig. 8 
to draw a smoothed height/time 
cross-section of ozone concentre- 
tion over Halley Bay. Apart from 
the intrinsic interest of these 
soundings it is of importance to 
notice at the moment how they 
confirm the lateness (co 
with high northern latitudes) of 
the ozone maximum st Halley Bay. 
The great success in the operation 
of this somewhat Instrument was 
largely due to the of Mr. J. A. Smrth, who 
joined the Meteorological Group st Halley Bay 
for 1958. 

I take this to thank my colleagues at 
tho Royal Sooisty Bano for thot co-operation which 
made the oxone work successful, Mr. J. Farman of 


Deo. Jan 


eet 


values of total ozone at the Argenti Dr. 

G. M. B. Dobson for the great beneftt of his advice. 
This work formed a part of the programme of the 

British National Committee for the International . 

Geophysical Year; a full discussion of the resulta 

will be published in due course’,*. 

1 Dobson, G. AL B., Proc. Rey. Soc., A, 189, 411 (1980). 

* Normand, 0. W. B., Sol Proe. Int, Assoc, Mot,, Tenth Assembly, 


* MasDowall, J., ' in e Antarotio Hxpedition, 
T Fn” : os 


: THEORY OF AURORAL STRUCTURES 


By E. R. HARRISON* 
` Atomic Energy Research Establishment, Harwell 


HE varied structures of the visual surorp 


Bie A S er 
gain their energy, and what are the ‘excitation 
mechanisms. On the other hand, the present treat- 
ment collecte-togethear some of the properties, such as 
stability, peculiar to beams gui by the geo- 
magnetic field prior to their entry mto the denser 
regions of the atmosphere. It turns out that stable 
beams are possible provided they are thin in crogs- 
section. The break-up of arcs mto rayed structures 
oan, it appears, be explained by the conditions govern- 
ing the growth of electrostatic oscillations in the 
* Temporarily on leave at CHEN, Geneva. 


streams. It seems reasonable that aros and. 
rays are equilibrium structures, free at least from any 

forms of instability, whereas many of the 
transient effects of auroral phenomens are the result of 
unstable streams. 

Auroral displays! often begin with quiet, homo- 
geneous ares o distances of several thousand 
kilometres along parallels of geomagnetic latitude. 
A striking feature of many of the arcs is their thin- 
DOSS ; poled ates that on one occasion an aro 
had an estimated thickness of 0-25 km. Frequently 
peveral arog are clope together and as many as six 
have been observed in a distance of 25 km. along a 

io meridian. Later in the display the arcs 
tend to brighten and then disrupt into rayed struc- 
tures. Later still, the display may change to pulsating 
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surfaces and flaming aurore. Apert from the 
amorphous and relatively transient forms of aurorm, 
the two basic types of structure in any display are the 
aros and the rays*. They occur erther independently 
or together in various combinations. Both typea 
extend upwards along the geomagnetic lines of force. 
Aros extend vertically for approximately 50 km. 
and seliom more than 100 km. Rays, however, can 
have heights of several hundred kilometres, and also 
diameters of’ leas than 0:5 km. Doppler shifted 
hydrogen lines are observed in homogeneous aros* 
(but so far not in rays) and indioaze maximum incom- 
ing proton velocities of at least 8 x 10" cm.sec.-1, In 
the arcs xt seems that the excitation is produced 
partly by protons, whereas in rays the excitation 18 
primarily by electrons’. 


Commencing with the ides that the beams respons- 


ible for producing the aurors may consist of streammg 
Plasma, one finds that in the abgence of olectric 
flelds the electrons are rapidly eliminated and the 
plasma w converted mto an ion beam. Let H, be 
the geomagnetic fleld strength where the plasma is 
injected at an initial" temperature Tẹ With no 
collisions, the magnetic momenta are invariant, and 
the mean transverse kinetic energy increases as 
kT HJH, at the expense of the longitudinal kinetic 
energy, a6 the particles approach the Earth. In a 
streaming plasms the electrons have a relatively small 
kinetic energy and they are therefore brought to rest 
more quiokly than the iong. Thus, if'kT, is of the 
orddr of 10 eY., and protons have mitially an energy 
of 105 eV,, the electrons are arrested when H ~ 5H,, 
and the protons when H ~ 10‘ H,. Assuming that 
injection occurs at a distance of 10 Earth radii, the 
plasma is converted into a proton beam at 6 Earth 
radii, and at the Earth’s surface the protons (assum- 
ing no collisions) have logt 10‘ eV. When, however, 
the plasma is density-modulated into bunches, either 
by spatual or time growing cscillatzons (see below), 
the associated electric flelds do not have to be large 
to trap and drag along some of the electrons and 
increage their transverse kinetic energy at the expense 
of the energy of the protons. This mechanism may 
account for sorie of the energetic electrons found in 
the auroral sones*-and in the outer Van Allen belt’, 
particularly if the initial transverse energy is larger 
than that assumed above. 

The beams producing the quiescent arcs and rays 
are evidently guided in a rigid manner by the geo- 
magnetic lines of force. An analysis of the problem 
shows chat thare is lateral stabils when she Maxwell 
streaa tensors of the geomagnetic fleld exceed the 
stress tensors of the self-fields and of the beam iteelf*. 
Neglecting for the moment the self-flelds, this requires 
that: 


HP An > mmo (1) 


where n,* is the number density and m+ the mags of 
the ions in the beam, and v is the veloorty componant 
parallel, to: the geomagnetic field H. When the 
‘tenmon’ of the geomagnetic lines of force ig greater 
than the ‘negative tension’ of the momentum flux, 
ag even by (1), the beam is hydromagnetically 
stable. The upper atmospheric density is comparable 
with or greater than the beam density, and whan (1) 
is not satisfied the Alfvén phase velocity hag complex 
values and the beam is unstable against transverse 
‘bations*. 

From (1) it follows that the stresa tensors of the 

self-magnetic field components are small compared 
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with H*/4x provided the beams which produce the 
rays have a radius d, and the beams which produce the 
aros & semi-thickness d, given by : 


d<% (2) 


where 8») = (mstc'/4nnetct)!/t is the ocollision-froe 
penetration depth of an electro io field for the 
Poe ene In the case of protons 8) = 2 x Inyt 


Condrtson (2) 18 also necessary if the Larmor radms 
of the beam ions m the transverse self-magnetic field 
is to exceed the beam radius. This bas been shown 
elsewhere!’ for cylmdrical beams in terms of Budker’s 
parameter y = (d/23»)*, and it seams that for non- 
relativistic speeds (2) is necessary for a streaming type 
motion, whereas d > 3, apples for plasmas in which 
the relatrvely small drift motions are maintamed by 
electric fields. For congtant-speed ions the ratio 
d|d» varies at most by 4/2 in any beam following the 
geomagnetic flux lines; thus if (2) is true at one 
point, 1t is also approximately true for all pointe of a 
constant speed beam. In spite of both (1) and (2) 
ingtabilities may stall ocour, i ly im aros, 
due to transverse force Cuenca ci 
For example, it has been suggested that drift motions 
are responsible for the folding of aros into draperies™. 

Using the plasma parameter B, defined as the ratio 
oF thie thammal arid <sarsetih PENE (lie enum: 
lent to B < 2kT/mytv*. Beams with energy sufficient 
to penetrate only to a magnetic field strength H 
are mitially stable if 8 < H,/H, provided the mag? 
netic moments are invariant. One notices that the 
beam ions have a mean Larmor radms in the geo- 
magnetio fleld of 8,81", 

We first consider the posibility that the Incoming 
proton beams drectly from æ large-scale 
source or stream external to the geomagnetic field. 
If a stream of particles is incident on regions of the 
geomagnetio feld of strength H,, and we assume that 
the convergent flux lines are parallel to the stream 
velocity, then by Busch’s theorem} it is found that if 
(1) is Satisfied, then (2) is also satiafied. In one particu- 
lar model one imagines that tongues of plasma from 
the solar wind are injected into the unstable outer 
surface of the geo io fleld*. One might tente- 
tively extend such a model by suggesting that the 
outer Van Allan belt contains the particle injections 
which have failed, due to beam instabilities, to pro- 
dnce an immediate suroral effect; such instabilities 
could be responsible for the energetic electrons found 
in the belt. It has been suggested“ as an alternative 
possibility that auroral beams originate from regions 
within the Earth’s magnetico field, as, for example, 
the outer Van Allen belt mentioned above. 
difficulty with this suggestion is that there is no 
evidence’ of the trapped energetic protons at distances 
of several Earth radii which are at least necessary 
for the quiet arcs. 

So far what has been said applies more or less 
equally for the beams which produce both the ray 
and arc “type structures. However, the possibilities 
are strong that the situation is different when óne 
turns to the subject of electrostatic oscillations” m 
beams peasing through a plasms. Because of the 
long-range Coulomb forces, initial density flustua- 
tions under certain conditions can grow into bunches, 
and the coherent interactions lead to a rapid loss of 
momentum from the beam’. In the bt treat- 
ment it is sufficient to consider only coherent 
interactions in the beam which occur high above the 
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auroral display. These interactions will determine 
whether the beam survives to contribute to the 


which ‘makes it extremely unlikely that any nore 

relativistic beari of eee pinine SR T 

radus than a few metres is stable the 
of the incident streams is converted into 


for some time thet there are electron density 
tions having in some cases the form of bunches 
elongated along the magnetio fleld. These fluctua- 
tions have been attributed principally to atmospheric 
turbulence. In the present discussion it is suggested. 
that the coherent bunching observed in the iono- 
ee ero eae Seinen She er pE 
incoming particle streama 

From the clectromagnatic equations, the equations 
of motion and continuity, we have; 


VLE, + be, = 0 (8) 
i ot (oat) (oa)? 
~ (@ — kw at ane 


where HÆ, is the longitudinal component of the electric 
fleld, $ = (k, + &,*)'/1 is the wave number, and w» 
Ban tag rng the ies for the beam and 


munioated) one finds by an a 
that tho elcotwona aro draggod along st a pond of 
ony/ng, which is of the order of 10* omseo.?. But 
this method 


thermal motion of the electrons and the velocity 
spread of the beam. Tt bas been shown" that an 


7 exceeding j 
this oase when unin, > (2kT/m-)t!!. This 
requires an electron thermal energy of less than 
10 eV. The thermal energy is certainly ter 
and at high altitudes might be as large as 10 oY., and 
in this oase beam interactions with the electrons can 
be 


neglected. 

Consider first the osse of short transverse wave- 
lengths, given by kyd > 1. Using the dispersion 
equation obtained from (8) one finds that there are 
spatially growing waves (k, is complex) for ks < kz, 

and time growing waves (w is complex), when : 


ky < Horn + (Ot Ppa (4) 7 


and there is no velocity. spread in the beam. At 
distances of several Harth radii the atmospheric ion 
density is possibly of the order 10* cm.-*, and the beam 

is, say, of the order 1 om.-*, and therefore 
Wat. > ws. It follows from (4) and the assumption 
ee er eee 
no instabilities is 


d< z 3,* (5) 


where 3,+ = o/t. For v/o ~ 10 the beams muat 
have s semi-thiokndes or radius of d < 0-2 km. When 
this condition is not fulfilled the beam loses its 
momentum in a disbanse : 
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Le Dre = (se) hA (8) 


where 2 is the wave-length of the disturbance, and the 
logarithmic term has a value between 10 and 100 
partly on the mean square ftuctustion 
The effect.of a large velocity spread’? 


will be a relaxation in the stability oondition (5). 
Condition (5) is safflcient for stability whan kd > 1. 
If we regard the transverse standing waves sa dividing 
the beam into raylete of diameter kyd = 1, then (5) 
is tho necessary condition for stability in each raylet. 
At low altitudes the electron interaction cannot be 
neglected and the stability condition becomes : 


d<i8e (7) 
and for ne ~ 10, this gives d<5 om. Thus, 


longer confined to the beam and the appropriate 
boundary conditions must be used for solving (3). 


geomagneti 

for oylindrical beams whi 
kid <1. The conditions that there are no time and 
space growing waves, and therefore the beams are 
stable, are : 


(aro) 
(8a, b) 


d < 


v 
d <5 balked)" 
v 
(ray) F 


be Emz } 7 


For ray beams (8b) is sensibly the same as (6) with the 
ex of the logarithmic dependence on 1/kd. 
Aro however, are always unstable for suffici- 
ently long transverse wave-lengths. Thus, when an 
arc beam becomes unstable the transverse standing 
waves grow rapidly, and for short transverse wave- 
lengths for which hyd —> 1 the stability is eventually 
determined by the ray condition (85). 
There are, therefore, a number of 
conditions necessary for the stability of auroral 
beams which are broadly covered by (1), (2), (5) and 
(8a, b). Presumably, in the early stages of an auroral 
ee kn ee eae 
growth -of coherent interaction at high 
altitudes A diffuse source ejecting particles towards 


loss of beam energy. Transverse density variations 
in the arc beams, however, can lead to the formation 
of ray beams, which are more stable. According to 
this treatment the aro is the more fundamental of the 
two types of structure, and the presence of rays . 
must indicate that aro beams are arrested in 
regions possibly high above the auroral display. In 
these regions there are considerable fluctuations which 
modulate the down-coming rays, and at lower levels 
these fluctuations grow spatially, as in a travelling 
wave amplifier, due to an increage in the density and 
a reduction in the temperature of the atmospheric 
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olectrons. The oscillations in the ray beams may 
account for their luminous length, the logs of proton 
onergy due to the atmosphario electron drag is 
pogmbly a reason why no hydrogen lines are observed, 
and the increased energy of the electrons’* which 
are excited or dragged down by the beams may also 
oxplain the electron impact excitation which pre- 
dominates in rey structures. 

Acknowledgments are gratefully made to Tihiro 
Ohkawa for a number of informative discuasions on 
plaema and beam. oscillations, and to Lloyd Smith for 
discussions and comments on the treatment outlined 
in this paper. 
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INFRA-RED SPECTRA OF AMINO-ACIDS AND RELATED SUBSTANCES 
IN WATER 


By Pror. FRANK S. PARKER and Prot. DONALD M. KIRSCHENBAUM 
Department of Biochemistry, State University of New York, Downstate Medical Center, Brooklyn, New York 


DVANCES both in infra-red instrumentation 

and in the availability of barium fluonde 
windows for the manufacture of infra-red cells to 
contam aqueous solutions stimulated us to undertake 
a systematic investigation of infra-red spectra of 
various small molecules of biological importance, 
including amino-acids and related amines. Until 
recently, most infra-red spectrophotometric measure- 
ments on compounds of biological interest have been 
made in mulls, in films, m organic solvents, or in 
potassium bromide pellets'. “However, following 
Coblentz’s* early work with water, Gore 6 al., 
Blout‘, and others have used aqueous solutions for 
infra-red studies of certain materials. The 
article contains some of the resulte of our work on 
amino-acids and derrvatives. 

Infra-red spectra were recorded as described in a 
Previous publication’. Concentrations are recorded 
- in the legends to tho figures. 

Fig. 1 shows the spectrum of water between 950 
and 1,600 om.-, and typical examples of solubility 
effects in the aliphatic amino-acids. It is seen that 
saturated solutions of glycine and alanine have dis- 
tinctive . The solubility of glycine* is 25 gm. 
per 100 gm. of water at 25°; the solubility of 
L-salanie is 16-5 gm. per 100 gm. of water st 25°. 
These amino-acids still show distinctive spectra at 
5 per oent concentrations in water; thus glycine 
still shows distinctive absorption bands at 1,404, 
1,819 and -1,134 om.-!; and alanine at 5 per cent 
concentration still shows the distinctive bands at 
1,408, 1,351, 1,209, 1,212 and 1,105 om., among 
o ; 
Fig. 2 shows, however, that saturated solutions of 
valme, leucine and isoleucine have very few dig- 
tinctive absorption bands, as one would expect from 
their solubilities. The solubility of pi-valine is 
7-1 gm. per 100 gm. of water at 25° ; the solubility 
of t-leucmo is only 2-2 gm., and the solubility of 
L-taolenome is only 4-1 gm. 


ig. 3 shows the spectra of proline, serine, threonine® 
ydroxyprolme. The effects of changing the 
structure from a primary hydroxy compound, serine, 
to a secondary hydroxy compound, threonine, can 
be seen. Zeiss and Tsutsui’ have shown that in 
alcohols with a saturated chain, a band sppears 
between 1,075 and 1,010 om." for primary aloohols. 
On the other hand, m secondary alochols the band 
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Wig. 1. T-alanine, The amino-acids 
were in saturated solutions. Barium ftuoride cell, 6 05 mm. 
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1,000 1,500 1,400 1,300 1,200 1,100 1,000 %0 namely, from 1,105 to 1,119 om.-!; rather, there is 
a band at 1,205 om. 

It is of interest to note the distinctive differences 
between the spectra of the imino-acids proline and 
hydroxyproline, particularly the band in proline at 
3,163 om.-1. These differences can perhaps be used 
he pet ary ie sey eet pn gp pela 
of proline to hydroxyproline, an important process 
the biosynthesis of co. 8, Although Sairat 
solutions of proline and of hydroxyproline were used, 
5 per cent concentrations of these amino-acids oen 
still be differentiated. 

Aspartic acid ia known to undergo decarboxylation 
of either the a- or the w-carboxyl group to form 
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appears between 1,119 and 1,105 om.-!. It is of inter- 
eat; therefore, that serine has an abeorption band at 
1,020 om.-!, which is in the range for primary aloohols ; 
and threonine absorbs ab 1,100 om.-!, which is in the 
range for secondary alcohols. However, hydroxy- 
proline, which contains a secondary —OH on 
a he kasd imino-acid, does not show cbantolian steed 
would expect a secondary aloohol to- absorb, 
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either ĝ-aleanine or alanine. Examination of Fig. 4 
shows that it may be possible to fallow such 

uging infra-red techniques. There are distinct 
daona Batted ake Mpita Of axpaitay anid; 
L-alanine and f-alanine. Infra-red techniques would 
thus permit one to deduce which end of aspartic acid 
has lost ita carboxyl group. Similarly, m Fig. 5 are 
shown the spectra of utamio acid, DI-x-amine- 
butyric acid and y-amino ic acid. Exther of the 
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Seana acids en be obtained by decarboxyla- 
tion of glutamic acid. It is thus possible to distinguish 
between glutamic acid and either of these decarb- 
oxylation products by their infra-red spectra. 

Wrth the aromatic and heterocyclic amino- acids, 
the problem of low solubility of F tho dipolar ionic 
form again appears and this renders the demonstra- 
tion of distinctive spectra difficult. However, the 
decarboxylation products display distinctive spectra ; 
for example, tyramine (Fig. 6), which is the decarb- 
oxylation product of tyrosine, displays a distinctive 
spectrum aa the hydrochloride. Comperison of this 
spectrum wrth that of phenol shows that the main 
absorbing group in tyramine between 950 and 
1,600 om is the phenolic moiety. Tyrosine was too 
insoluble to study. 

The absorption characteristics of many other 
amino-acids, related homologues and decarboxylation 
products are being investigated in our laboratory and 
will be reported elsewhere’. 

A prelimmary report of this work was presented 
before the American Society of Biological Chemista 
in Atlantic City, New Jersey (Fed. Proo., 18, 299 ; 
1959). 
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A Ore OF CONTRACTION IN STRIATED MUSCLE 


‘ = By Da, M. SPENCER and Dr. C. R. WORTHINGTON 
pea, Research” Council Biophysics Research Unit, Wheatstone Laboratory, King’s College, London 


ETOR suggest. a mechanism by which the 
system. of-sliding filaments in striated muscle, 
proposed by H. E. Huxley and Hanson! and by 
A. F. Hurley and Niedergerke’, might be caused to 
exert a contractile force during excitation. The 
mechanism is probably also applicable to thoge amooth 
muscles which have a double array of filaments’. It 
relies on eloctrostatic forces between sites on the actin 
and myosin filaments, and does not require 
mechanical li between them. It does not involve 
contraction or folding of the filaments, and thus 
differs from previous models using electrostatic 
forces*. 

The mechaniam was suggested by the results of 
recent work by one of us* on X-ray diffraction from 
striated muscle fibres. The resulta showed that, 
in addrtion to orders of the previously observed axial 
spacing of 410 A. attributed to actin, ardera of an 
axial spacing of 435 A. could be sean which were 
attmbutable to myosin. The arguments on which 
this assignment is based have been presented else- 
where’. ‘The spacings are significantly different, 
and can be observed together in the same X-ray 
diffraction pattern, and in both the wet and the dry 


state. Work on living muscle is in progress in this 
Laboratory. 


Basic Assumptions 


Let us assume that excitation of a striated muscle 
is ultimately transferred to the actin filamenta where 
they meet the Z-lines. (There 1s evidence that excita- 
tion is transferred from the surface membrane to 
structures called triads in the sarcoplasmic reticulum’. 
In frog muscle the tmads he opposite each Z-lne; 
in certam other muscles there are two per sarcomere, 

from the Z- Ime by a quarter of the sarcomere 
length.) The termmology is illustrated in Fig. 1. 
Suppose also (in common with Szent-Györgyi’) that 
the actin and myosin filaments are, prior to stimuls- 


tion, mutually repelling each other. The repulsion -. 


is assumed to be between sites on the filaments which 
carry like electrostatic charges. The sites are assumed 
to be spaced at 410 and 485 A. along the actin and 
myosin filamenta respectively. It seems likely that 
the sites on either the actin or the mryosm filaments, 
or on both, are really projections from them. Electron 
moicrographs of striated muscle show ‘cross-bridgee’ 
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2. Diagram of two filaments in a seroomere, showing posed 
epeetan oto a a The difference vc spacing has bomn 
ted. actin filaments are regularly 
length at 410 A. apart ; myoun sites are spaced at 


* spaced at about 400 A. which appear to originate from 
projections on the myosin filaments’. 

Let us now that the excitation transmitted 
across a Z-line sete off a pulse of charge reversal which 
travels down the actin filaments so that successive 
sites on each filament are momentarily given an 
opposite electrostatic charge. (The idea that some 
change m properties 1s propagated down the filaments 
is not new.) The mechanism by which this could 
happen is, of course, quite hypothetical at present. 
We believe that it might be a charge transfer of the 
type envisaged by Szent-Gyorgyi*. A rough parallel 
may be drawn, with the passage of a pulse down an 
electrical transmission line. Each ste carrying & 
reversed charge would be attracted to whichever sites 
on the adjacant filaments were nearest to it. 


Consequences of the Hypothesis 


(a) Fres contraction. Consider the effects on only 
two filaments, one of actin and one of myosin, of a 
pulse of charge-reversal travellmg down the actin 
filament (Fig. 2), when the myosin is free to move 
relative to the actin. Assume, for the sake of argu- 
ment, that the first charged site a’ of the myoem lies 
inttially in register with a site a on the actin. When 
the charge on a is reversed, there will be no axial 
force on the myosm filament. However, when the 
charge-reversal is transferred to 6 there will be an 
axial force, upwards in the diagram, on siteb’. This 
would also be true for reversal at sites o and d. If 
_ the myosin filament was prevented from responding 
` to the upward force, the charge-reversal at sites 
farther down the actin would give an opposite force. 
Since, however, the myosin is free to move, reversal 
of charge on b will cause movement of the myosin 
until b and b’ are in register. The distance between 
c and o’ is then the same as that originally separating 
b from b. If the movement is repeated at each 
tranafer of charge, there will be a continuous upward 
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movement of the myosin. Ifa anda’ are not mitially 
in register, the first movement may be downwards, 
but all subsequent movements will be upwards. This 
movement in one direction only may be compared 
with that occurring in & unidirectional synchronous 
electric motor. 

(b) Contraction under load. We do not suggest 
that, except possibly under conditions of zero load, 
the contraction of muscle involves the synchronous 
motion just described. The speed of contraction of 
& muscle varies with ita load, and to explain this 
with a synchronous mechaniam one would need to 
postulate that the speed of propagation of the 
charge-reversal was controlled by the rate of contrac- 
tion. However, a study of the actual arrangement 
of filaments in striated muscle shows that there is no 
need to mvoke such a process, and we shall proceed 
on the assumption that the speed of propagation is 
constant 


We know from structural studies.’ that esch 
myosin filament in a striated fibre is overlapped by 
actin filamenta at both ends. Conmder what happens 
when pulses travel simultaneously from two succes- 
sive Z-lmoes in a myofibril. We assume that the speed. 
of propagation of the impulse to the beginning of each 
actin filament is much greater than that of the pulse 
of charge-reversal down each flament (we shall 
examine this assumption later). An exact prediction 
of the sequence of evente is impossible without a 
knowledge of the electrostatio fleld at all pointe 
between the filaments. The analysis which follows 
describes one possible sequence. It is based on the 
assumption. that, if the pulse arrives simultaneously 
at a and z (Fig. 3a), the myosin flament will adjust 
168 position so that the distance a-a’ is the same as 
zs’. There will, in the example shown, be a net 
force pullmg the two actm filaments together. 
Assume, however, that there is ‘slip’ so that the posi- 
tion is reached later on where the attracting site on 
the actin filaments are midway between pairs of sites 
on the myosin. Sites c and z in Fig. 3a illustrate this 
condition. If the myosin filament remamed stationary 
while the pulses moved on to sites d and w, there would 
afterwards be a force pushing the actin filaments 
apart again. However, when the pulses are at o and 
s, the ium of the myosin filament’ will be an 
unstable one; the filament will tend to jump into 
one of two positions so that c and w on the actin are in 
register either with b’ and x’ (Fig. 36) or wrth o’ and 
y’ (Fig. 3c). Subsequent transfer of the pulses to 
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Fig. 3. Three stages in the contraction of a possible eL F 
explanation see text mad Py 


390 
O o 
o o O 
o r 
a faba ees rere 
myosin filaments by larger circkes 


d and w will then give rise to forces which still favour 
drawing together of the actin filaments. We thus 
see that, provided the myosin is free to make the 
‘jump’ referred to, almost every step in the propaga- 
tion of the pulses down the actin filaments favours 
drawing together of the actin filamente. Furthermore, 
the process is independent of the rate of slip, so that 
the muscle would exert a tension at all speeds of 
contraction. 

As well as in the special case described above, it 
can in general be shown that the ‘jump’ of the myosin 
flament is eapential to the theory ; if there was only 
a steady relative motion of actin and myosin, there 
would be no net force. However, there is reason to 
believe that each myosin filament is, in fact, free to 
move i dently. Cross-sections of striated muscle 
in the A-band’ show that each myosin filament is 
surrounded by mx actin filaments, and is isolated 
from adjacent myosin filaments (Fig. 4). On the 
other hand, the fact that every actin filament 1s 
adjacent to three others could ensure that the mx 
actin sites which might act on every myosin site were 
always in register. 

(0) Effect of multiple filaments. It is clear from the 
above description that an individual set of filaments 
will exert a tension which varies with time. It will 
At certain instanta be zero and, under certain condi- 
tions, it may even be negative for part of the cycle. 
However, a large number of filaments im paralel 
will, if their jumpe are spread out in time, exert an 
even tension. There is insufficient evidence to decide 
whether or not all the filaments in a given sarcomere 
will act in unison. It is not necessary to assume 
that all the myosin filaments in a sarcomere are 
identical. A variation among the myosin periods 
in a typical muscle of only + 0-5 per cent would 
spread out in time the jumps of different myosin 
filamente. The variation of + 0-5 per cent is less 
than the experimental error of 1 per cent in measuring 
the average myosin spacing from a diffractaon pattern. 


General Properties of the System 


A detailed consideration of the expected length- 
tension and force-velocity curves’! will not be 
given now. We may, however, note the following 
properties of the system ; some of them are 
by other possible schemes as well, and have been 
discussed by previous authors. 

(a) The maximum tension which the muscle can 
develop depends on the number of molecular filaments 
in any one sarcomere, that is, it depends only on the 
total cross-section of the muscle. 

(b) The maximum velocity of contraction of the 
muscle varies as the number of sarcomeres along ite 
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length. There is evidence*.* that muscles intended 
for rapid movement often have closely spaced 
sarcomeres. 

(c) The isometric tengion developed will fall as the 
muscle 1s stretched beyond ita normal length, because 
the number of myosin sites overlapped by actin 
sites will decrease. This means that the-number of 
site interactions per second will also fall (for a given 
rate of stimulation), and the avérage force will 
decrease. A reduction in length will also lead to a 
fall m tension, for two reasons: first, displacement 
of fluid by the sliding filaments may increase ther 
separation, and therefore reduce the attraction 
between ates; secondly, reduction in length will 
ultimately produce sarcomeres in which the actin 
filaments have run into each other’; this will agnin 
result in a drop in the number of interacting sites, 
and a fall in the tension. 

(d) The application of an increasing load to the 
ee A E ‘alip’ 
from the synchronous moti escribed, until it 
just balances the contractile force. Is follows that 
the force-velocity curve must show ao decrease in 
velocity with i ing load. 

Thus, qualitatively at least, the expected behaviour 
of the model is in accord with observation. We have 
constructed an electromagnetic model which, though 
crude in that it has only two myosin filaments, illus- 
trates the type of behaviour we have described. It 
uses coaxial coils to represent the ring of actin 
filaments around each myosin filament; the 
is represented by a tube containing spaced soft-iron 
cores. The ocoila are energized in turn to simulate 
the passage of the pulse of charge-reversal down the 
actin filaments. 


Discussion 


A number of calculations may be made to test 
whether the sesumptions made in the theory are 
consistent with observations in vioo. Examine first 
the assumption that the passage of the pulse of 
charge-reversal down each filament takes place at a 

much leas than that of the exciting impulse. 
way +o test this is to compare observed and 
caloulated values for the maximum rate of contraction 
of a muscle. One would expect that, if our scheme 
were correct, the maximum rate of contraction of a 
muscle would correspond with the synchronous 
motion mentioned earlier. If the velocity of thd 
charge-reversal is v om./sec., the Maximum rate of 
contraction per sarcomere can be shown to be about 
0-12 v om./sec. In a typical muscle of length 1 om., 
having sarcomeres of length 2-5u, the maximum rate 
of contraction of the whole muscle will then be 
500 v om./seo. Taking an obesrved maximum velocity 
of 2 cm./seo. per cm. length of frog sartorius muscle 
at 0° O. (ref. 12), the value of v must be about 0-004 
om./sec.—much leas than the observed velocity of 
propagation of the action i a fibre, 
which in many cases exceeds 100 om.jseo. (ref. 18). 
The assumption that there was this large difference 
in velocities has not therefore led to a prediction which 
conflicta with experience. We may note here that 
the average interval between charge transfers from 
one site to another will be about 10-* seo. 

Woe may also test whether the calculated value of 
velocity down the filaments is consistent with the 
observed frequencies of excitation of muscles tn vivo. 
One would expect that, for maximum output from 
a muscle, the frequency of excitation would be such 
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that one impulse arrived just as the previdus pulse 
of charge-reversal reached the end of the actin 
filaments. If the frequency was higher than this, 
the superposition of two pulses on the same set of 
filamenta might lead as often to cancellation of their 
effects as to reinforcement. (It is of interest to note 


here that the rate of repetition is in some cases” 


observed to fall when maximum is not 
. required!) If.the actin filaments had lengths of 
ly, the time taken for a pulse to travel down them 
at 0-004 om.j/sec. (the velocity caloulated above) 
would be 0-025 seo. The maximum frequency at 0° C 
would then be 40 impulses/sec. This value is of the 
right order of magnitude. Calculations based on 
resulta obtained at higher temperatures give a higher 


Wo do not suggest that the nerve impulse transmit- 
ted into each s-line supplies the energy needed to 
bring about contraction. We believe that the 


E SA Erh energy. 

offers no direct evidence on the reactions inv 
and therefore provides no estimate of the heat 
liberated during contraction. 


for the observed tensions developed by living muscle. 
A typical maximum tension for frog sartorius musele’? 
ig 2 kgm./om.* cross-section. This means that the 
average force exerted by each myosin flament must 
“be aboud 8 x 10-* dyne. If this force is shared 
between six sites, each of which is opposite an actin 
site, the a force at each site must be about 
5 x 10+ dyne. The effective force between & myosin 
gite and an actin gite is the axial component of the 
attractive force between them. The component 
will be zero when the sites are in ‘register. ee 
axial separation the component will a 
value of the total foroé but, due to De sere 
screening, it will be small Between these two 
Saag glad ral fey apes ak caged Mena 


cannot without knowing the exact 
poeta? and the ionic conditions in the 
a oai addition to this, there may be 


soespiansuh of aviant ise TECE BEUTE Por abide 


at a given separation. 
The most favourable calculation possible is made 


not be as high as that of water. Two sites carrying 
unit electronic charge would then exert a force of 
6 x 10+ dyne (the svarage force required) at a 
separation of about 20 A. If there were (say) ten 
electronic cbarges site, the separation would be 
200 AL ‘The leest. favonrable caleulation is mada by 
agecming the dielectric constant to be that-of water, 
and ‘assuming the Debye-Hickel theory’ to apply 
at all separations. The ionio strength, which detecm- 
ines the magnitude of the Debye-Hfickel screening, 
has to be given an arbitrary value; we assume it to 
be 0:15, a value ologe to that of human blood serum. 
The ‘thickneas’ of the ionic double layer" will then 
be about 8 A. The calculated separation at which 
unit ‘electronic charges exert the required force on 
each other is then about A. This value is, however, 
Bo small that the assumptions on which it is calculated 
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cannot be valid, and it is clear that the scheme could 
not work under these conditions. If, however, there 
were ten charges per site, the required separation of 
duces Weald te IE A. This is more of the right 
order of magnitude, though still somewhat low. 
For the scheme to be correct we would expect the 
forces to have apprecięble magnitude at distances 
greater than 25 A. . 

It is clear from thoge caloulations that the scheme 
cannot at be ruled ont on theoretical grounds 
alone. e may also note that an exact calculation 
would have to consider the dynamio nature of the 
process ; the attractive force at the inning of each 
charge transfer might be greater than that calculated 
for static conditions, due to the finite time required 
Be coculiberare: tobe eae pienes T ie aereeae 
nid. 

There is one umportant consequence of the theory 
which we have not so far discussed. It is that, at 
aay instant during contraction, only a very small 
Proen a ce ecg o a roe a 
myosin sites are attracting each other. ‘This implies 
that the proportion of the bidchemist’s ‘actomyosin’ 
Present in contracting muscle will be similarly small, 
since it seems likely that actomyosin is 
actin combined with myosin by electrostatic forces. 
So te Sie hond, miut oi a aeaa 
of all sites on either actin or myosin would probably 
cause the filaments to draw together so that they were 
locked in position by interpenstration of their pro- 
jections. It seems very likely that such an overall 
charge-reversal is brought about by removal of 


Tho plastioixing role ' 
of added adenosine triphosphate and pyrophosphate 
follows from this idea. 
Cne cores aped ee the hy Dofamin t 
extend to the problem the theoretical wor 
walsh ok i 


that this type of process may be” vital to many 
biological systems. 


We are indebted to Dr. E. M. Deeley for advice 
during construction of the electromagnetic model. 
We would also like to thank Dr. J. Lowy, Dr. J. 


Randall and Dr. M: H. F. WES SS ene 
and helpful criticiam. 
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MELANIN GRANULES AND MITOCHONDRIA 


By Dr. RUTH V. -BAKER 
Department of Pharmacology, University of Oxford 


M. S. C. BIRBECK 


Chester Research Institute ; Instituta of Cancer 
R : Royal Cancer Hospttal, London 


Dr. H. BLASCHKO 
Department of Pharmacology, University of Oxford 


LTHOUGH the chemical structure of the 
melanin pigment naturally occurring in mam- 
mals is not known!, much information is available 
on the mechanism of its formation. Our present 
knowledge is derived from a study of homogenates 
or particulate fractions from mammalian 
Pigment cells* aa well as from histochemical observa- 
tions on intact cells, with both radioactive and 
non-radioactive pigment precursors’. These studies 
have established that m mammals melanogenesis is 
the activity of a specialized type of cell, the melano- 
cyte, which is characterized by the presence of a 
copper-containing oxidase, tyrosinase, a catalyst 
responsible for the aerobic oxidation of L-tyrosine, 
the precursor of melanin, to 5,6-dibydroxyindole. 
The monomeric 5,6-dihydroxyindole then polymer- 
izes to form a compound of large molecular weight’. 
The melanin polymer is believed to be attached, 
through ita quinone linkages, to amino or sulphydryl 
groups of the protein matrix of the pigment granule. 
Localization of tyrosinase in ions of cell 
particles was first by Herrman and Bose in 
preparations of the ciliary body of the bovine eye. 
In addition to a “specific catalyst for dopa oxidation”, 
these suspensions also contained two enzymes ohar- 
acteristic of mitochondria, succinic dehydrogenase 
and cytochrome oxidase. In a study of the Harding- 
Passey mouse melanoma by differential centrifuga- 
tion, tyrosmase activity waa also reported in the 
particulate fraction, but the structural elements were 
thought to be “microsomes or particles the size of 
microsomes which were formerly parc of larger 
aggregates that were dispersed during the experi- 
mente’? 

In 1949, DuBuy, Woods, Burk and Lackey*.* 
reported that preparations of granules isolated from 
the Harding-Passey mouse melanoma contained, in 
addition to ean cytochrome oxidase, succinic 
a cheatin cytochrome O, and that they 

activity. These workers arrived 
ab ag ee conclusion that the melanized oytoplasmio 
particles in the mouse melanomas, which in addition 
to tyrosmase activity also posseased cytochrome 
oxidase and succinic oxidase and dehydrogenase 
activities in considerably varymg degree, represent 
one of several modified forms of mitochondria, but 
generically mitochondria m any event. 

In recent years, several authors have studied the 
morphology of the melanin granules from various 
sources in electron micrographs’. The melanin 
granules in human hair bulb appear as dense ovoid 
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or rod-shaped bodies, varying in length from 0:4 to 
1:0u, and in breadth from 0:1 to 0-5u. In the 
melanocyte there occurs, distal to the nucleus, an 
area which contains numerous filamentous mito- 
chondria together with many small vesicles. The 
centre of this area is believed to be the region where 
the melanin granules are formed. It is free from 
melanin granules; but in ita periphery there occur 
structures the aize of melanin granules made up of 
concentric shells upon which variable amounts of 
dense material are formed; these are considered to 
be early stages of formation of melanin granules. 
Both Dalton’, using Cloudman S91 melanoma cells, 
and Birbeck and Barnioot’, using humaan hair bulbe, 
have concluded that melanin granules and mito-® 
chondria differ in size and internal structure. Woods’ 
maintains that the melanin granules are molanized 
mitochondria because of “their high specific activity 
for enzymes characteristic for mitochondria, their 
oxygen-dependent staining with janus green B, and 
the inverse relationship between them and the 
number of amelanotio mitochondria in the same 
cells’. The need for clarification of this problem is 
emphasized by Dalton’, who makes a plee for oor- 
relating electron micrographs and chemical data on 
both melanin granules and mitochondria after 
centrifugation. 

Such an mvestigation has now been. carried out and 
& separation of mitochondria from melanim granules 
has been accomplished by the density-gradient - 
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method of EE ; the particle fractions thus 
obtamed have been studied by electron microscopy 
and by biochemical methods. The centrifugation 
separated two morphologically distinct structures, 
one of which, the mitochondria, contained succinic 
oxidase, whereas the other contained the melanin as 
well as the enzyme tyrosinase. 

The ‘large-granule’ fraction from a Harding-Paasey 
mouse melanoma was isolated by a low-speed centri- 
fagation at 700 g for 10 min., followed by a high-speed 
centrifugation at 11,000 g for 10 min. of the low-speed 
supernatant fluid ; the sediment obtained was washed 
once and in isotonic sucrose solution 
(0-8 M). It waa then placed above a density gradient, 
similar to that used for the separation of mitochondria 
from amine-carrying grenules'4. The gradient used 


Table 1. DISTRIBUTION oy TYROSINASE, Suocono OXIDASE ND 
LARGI-GRAKULE Suarmrar 
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in the present work is ahown m Fig. la. The gradient 
tubes were centrifuged for 1 hr. at 103,000 g in the 
swinging bucket rotor SW 80L of the Spinco ultra- 
centrifuge. 

The appearance of the tubes at the end of the 

ion is shown in Fig. 1b. Two narrow 
bands could be seen, ane at the top of the gradient 
(fraction 3) and a second grey turbid band (fraction 8) 
between this layer and a relatively clear zone below 
(fraction 4); near the bottom of the tube a black 
suspension of particles (fraction 5) and a black pellet 
could be distinguished. The tubes were out, using 
the centrifuge tube cutter kindly presented to the 

t of Pharmacology, Oxford, by Dr. 
E. H. J. Schuster some time ago; a cutter, based on 
this instrument, has recently been described in a 
review article by de Duve, Berthet and Beaufay??. 
The positions at which the tubes were cut are 
indicated in Fig. 1b by horixontal lines. 

Electron micrographs showed that fraction 2 oon- 
sisted mainly of cell debris; fraction 8 was an 
almost pure preparation of mitochondria (Fig. 2a). 
Fractions 5 and 6 contained predaminantly melanin 
granules (Fig. 2b). It is apparent that in the density- 
gradient tube the melanin granules had been separ- 
ated from the mitochondria; the melanin granules 
had accumulated in & region of much higher density. 

We have determined tyrosinase, succinic oxidase 
and protein nitrogen content of the various fractions 
as well as af the laerge-granule fraction from which 
they were derived. Tyrosinase was estimated using 
a 10: 1 mixture of L-tyrosine and r-dopa as sub- 
strates (1-77 ymoles)!3, succinic oxidase by a mano- 
metrio method“. Of the total tyrosinase activity, 
94 per cent was recovered in fractions 5 and. No 
tyrosinase activity was found in the mitochondrial 
layer (fraction 8). Of the succinic oxidase activity, 
68 per cent was recovered in fraction 3, 7 per cent 
in fraction 5, and 4 per cent in fraction 6. Total 
reaovery of succinic oxidase was 88 per cent. 

The resulta of this experiment are given in Table 1. 
They show that fraction 6 (melanin granules) con- 

i of 


protein nitrogen 

fraction 8 (mitochondria) contains,.seven times as 
much succinic oxidase per milligram of protein 
nitrogen aa the large-granale fraction (Fig, 3). 

These experiments show that in the Harding—Passey 
melanoma there exist granules that have the typical 
appearance of mitochondria in the electron micro- 

hs and contain & high concentration of succinic 
Gxillans, a typical mitochondrial enzyme; these 
granules are found in the gradient tube im a density 
layer characteristic of all mitochondria studied what- 
ever their source. In addition, the tumours contained 
denser granules; these had the typical appearance 
of melanin granules and they oontamed the bulk of 
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the tyrosinase activity ; they had neghgible succinic 
oxidase activity. 

We conclude from our te that melanin 
granules and mitochondria of the Harding—Passey 
mouse melanoma are distmcot cytoplasmic oon- 
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stituents of the melanin-forming cell; each of these 
constituents is equipped with its own typioal enzymes. 
The method employed does not, by itaelf, exclude 
the possibility that melanm granulea are derived 
from mitochondria, but in view of the cytological 
evidence quoted we see no-reason for assuming that 
such a relationship exista between the two types of 
structure here described. 

We wish to acknowledge support given by a 
Research Grant from the National Cancer Tnsti¢ate, 
U.8. Public Health Service, to Drs. Seiji and Fitz- 
patrick, and by a grant-in-aid from the Royal 
Society to Dr. Blaschko. In addition, we express our 
gratitude to J. R. P. O’Brien, head of the Depart- 
ment of Biochemistry (Radoliffe Infirmary), for use 
of the facilities in his Department. 
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CRITICAL ENERGY BARRIERS IN THE EXCRETION OF SODIUM 


By Pror. E. J. CONWAY, F.R.S. 
Department of Blochemistry, University College, Dublin 


HE secretion of sodium is congidered here chiefly 

with respect to such large-scale secretion of sodium 
ions & occurs when frogs’ sartorii are immersed m 
Rmger-Conway fluid contaming 120 mM sodium 
and then re-immersed for 2 br. at room temperature 
in similar fwd containmg 104 mM sodium and 
10 mM potassium)". It was found under such 
conditions that the re-immersed muscles lost in the 
average about 20 m.equiv. sodium per kgm. of the 
muscle before re-immersion, the average concentra- 
tion, after the first soaking being approximately 
59 m.equiv./kgm. (ref. 4). 

This type of nt will for convenience be 
referred to here as the 120/104/10 procedure, and 
there will be occasion to refer to others such as the 
120/120/10, 104/104/10 and the 120/120/30 procedures. 

It was found that there was no significant secretion 
of sodium using the 104/104/10 procedure’.4, which 
was m marked contrast to the resulta of the 120/104/10 
procedure. As a tentative hypothesis it was oon- 
sidered. that the over-night immersion in fluid with 
sodium-level of 120 mM in some way stimulated the 
activity of the sodium pump in the subsequent 


2-br. re-immersion period. But ıt was found also 
that the 120/120/10 procedure resulted m no signifi- 
cant excretion of sodium, and this was interpreted in 
the sense that though the pump was here likewise 
stimulated, there was an entrance of sodium in the 
re-immersion period which about balanced the exore- 
tion. With such procedure the hypothesis was tested 
by inhibiting the excretion of sodrum either by 2 mM 
iodoacetate or by ouabain (10% M) (Conway, Kernan 
and Zadunaisky, unpublished work), which had been 
shown‘ to imbhibrt fully, or practically so, the net 
secretion of sodium when using the 120/104/10 
procedure. With sodium secretion so mhibited it 
could be expected that sodium would increase within 
the muscle, in about corresponding amount. But 
no appreciable increase of sodium was observed at 
the end of the 2-hr. period. 

It was alzo shown that the explanation did not he 
with osmotic pressure differences in the fluids used 

It was then decided to test another hypothesis, 
namely, that the cause of the marked difference in 
secretion resulting from the use of the 120/104/10 
and the 104/104/10 procedures could arise from the 
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Bodium exerstion (m.equiv. /igm.) 





1,000 1,400 1,800 


Mnergy barrier (GG/ds as calories per mole) 


A 
Se SR ia 0: 


for anserobis 

or 120/120/80, 
existence of a critical energy barrier under the 
conditions. The energy barrier to the secretion of 
sodium may be written : 


2,200 





where n is the number of moles of sodium excreted 
and [Na]; and [Na], are the concentration of sodium 
in the fibre water and in the external fluid, 2, 
being the membrane potential (but the numerical 
value of — HF is positive). If one includes associ- 
ated movementa of potassium or chloride ions, the 
game equation will result from principles already 
eatablished*. One can lower the energy batrier, 


increasing 
of external potassium, which in turn lessens the 
membrane potential. 
In order to caloulate the energy barriers, the 


purpose because changing ; 
the less, it is to be expected that they will not be 
much in error and they are useful data in the present 
context. 

In Fig. 1 the secretion resulta are plotted against 

calculated energy berriers. The occurrence of a 
critical energy barrier is clearly evident from the 
graph. This critical energy berrier for the conditions 
paar teil gare sD Neier la Sah 
lent of sodium. But the 


things, the ph shows that when ma 104/104/10 
and 120/120/10 procedures (giving no significant 
excretion of sodium) are changed to 104/104/30 and 
120/120/30 procedures, a large excretion of sodium 
occurs. 

Here it may be noted that when excretion occurs 
on reducing the external sodium concentration some 
fall in membrane potential oocurs. 


Oxygen Uptake as affected by the Critical Barrier 
and Sodium Excretion 
A number of experiments were conducted in which 
the oxygen uptake was determined by the War 
technique for the second immersions in the 104/104/10, 
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120/120/10 and the 120/104/10 pora The 
results are summarized in Table 1. As there was no 
apparent difference in oxygen uptake or sodium 
secretion between the 120/120/10 and the 104/104/10 
procedures with respect to the secretion of sodiam 
ions or the uptake of oxygen, these experiments were 
grouped together. r E A S E 
Fuller detaila will be 


with the 120/104/10 procedure. 
It will be seen then from Table 1 that with this 
series of experiments the 120/104/10 procedure shows 


‘a marked excretion of sodium ions, m contrast to the 


other procedures. the mean. value of the excre- 
tion is somewhat than in the groups previously 
described.) _ At the same time, oxygen uptake is 
conab this secretion, 


ratio of the milli-equivalenta of 

to ‘millimoles oxygen gas taken up 
rea T It is to be noted that the 
increased oxygen uptake here occurs with the same 
Anea GF ar taria PARR: 

Further, in a series of 35 expermments carried out 
with the 120/104/10 procedure, there is, as usual, 
a rather wide distribution in the amount of sodium 
secreted in each single experiment. At the same time 
there is & very significant correlation (0-68 + 0-1) 
between the sodium excreted and the oxygen uptake. 

Here it may be mentioned that Keynes and 
i the relation between oxygen 


immersion for 30 min. in potassium-free Ringer’s 
fluid. The excretion was measured by isotopic 
exchange. These measurements at the time appeared 
quite satisfactory, but it is now known that due to 

diffusion they can differ widely from the 
real extrusion’.‘. 


Table 1. SODIUM MXORWTION, ÀNROBIO AMD AXAEROBIO, FLOM SODIUM- 
RICH BARTOKIT 


The numbers eee refer to thie aumber of, experinenitt (eai 
three sertori!). ria mambar Om for the first two results listed 
refer to experiments from Oarey, Conway and Kernan (ref. 4) 
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Anaerobic Secretion of Sodium lons from Skeletal 
Muscle 


It was shown", that the excretion of sodium in the 
re-immersion period of the 120/104/10 procedure 
could be inhibited m the average by 60 per cent. 
It was then obvious that, on the average, 40 per cant 
of the aerobic excretion of sodium could occur ansro- 
bically. Similar resulta were peso with anoxia. 
These conclusions were based on 7 as 
published‘, eee es OAA 

Buch distribution shows & wide scatter, and in an 

appreciable fraction of the there waa very 
little imbibition, whereas in another it was almost 
complete. 
_ At an early stage of such work", when about 18 
experiments had been carried out, in which a high 
proportion showed very marked inhibition by cyanide, 
tt was thought that the cyanide sffecth was fully 
inhibitory, but the accumulation of a large number of 
farther experiments showed that the true average 
inhibition under our conditions was 60 per cent’. 
Recently, Frazier and Keynes’ have stated that they 
were’ unable to find any cyanide inhibition under 
their conditions (which were essentially similar to 
ours, but differing in some points of detail). 

It would seem that the concept of the critical 
energy barrier, and certain recent experiments based 
thereon, throw light on this differance. ekeke 
Table 1 that decreasing the energy barrier by 
30 maf ions externally instead of Yo mM 
completely removed al inhibition oyanide. 
Thus the difference in the effect of cyanide found by 
the two laboratories may be referable to different 
metabolic states in the frog muscle used. 


Explanation by the Redox Pump Theory 


In this theory (refs. 2, 8, 10, 11) i is 
that the reductant of a redox system 
adsorbs sodium ions, and when it loses electrons to a 
second system these are released into solution. The 
energy change may be written: 
GE = PE, — B,) +[2Tin(Nar) (2) 


F(E, — B) within the cell or fibre is the driving force 
for the axerétion. The manner in which it can be 
considered to be utilized 1s as follows. If, instead of 
existing only in the free fibre water, the system with 
the adsorbed sodium 10n existed in the membrane, 
transferring ite electrons at the outermost edge to 
another system, with simultaneous release of sodium 
ions mto the external fluid, the energy equation could 
then be written : 


daj = F(E, — By) + BTIn{Naty 
= F(E, — E',) + BYin{Net],—ExF (8) 


where E', represents a raised potential. From 
equation (8): 


F(R, — B) — F(A, -E 1,) = Bn Tt EnF (4) 


a nell pang A E Fi 
system can either go abate, be feally Tene ae to 
oxygen or, in the ansero io state 
by pyruvio or enolpyruvio acid after Baa 
hydrogen ions to form lactic acid. Now there is a 
maximum level of RTIn{Na],/[Nak — Ba? which 
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is reached when F(E, — E',) becomes zero following 
increases of [Na], or By. If at the outset the value 
of BTin{Na],/[Na], — HF 18 greater than P(B, — B,), 
no electrons can peas through the system and the 
critical energy-level is exceeded. The magnitude of 
this critical energy- level can vary with the conditions, 
and this is provided for m the 

Thus, the driving force ‘PW, — B.) can be 
expanded : 


F(E, — B.) = P(B — Ba) ~ 


` 


[Red], [Ox], 
onl, * (Rea | © 


where H., and #,, are the characteristic potentials 
of the systems. The expression under the log sign 
could be expected to vary in different metabolic 
states of the muscle. We may in this way mterpret 
the fact that in the normal frog in vivo, or in very 
freshly excised muscle, the critical energy barrier 
must be much higher than 2,000 calories and probably 
at the level of 4,000 calories. The nearer the muscle 
to the normal condition, the greater there would soem 
to be the driving force. This may also explam 
recoveries (that is, in secrotion of sodium and uptake 
of potassium) under certam experimental conditions 
Wack See oe TR 3-5 mM 








Fh f 


te communication). 

Vata ite tae here mentioned of the critical energy 
e of the extra oxygen with sodium excretion, 
and the extra lactic acid with anaerobic excretion, 
with approximate average ratios near 4:0 and 2-0 
respectively sa referred to above, are very well 


pa by the redox pump theory. 
the cage of the anaerobic secretion, it may be 
noted that while there is a very significant relation 
between the extra lactio acid found and the sodium 
excreted, there is rather much variability m the ratio 
mentioned above. One may say that the underlymg 
trend of the ratio is near 2-0. The variability may be 
explamed by somewhat different states of the enzyme 
systems involved, even using companion muscles. 
That the raised concentration of external potassium 
1s not responsible for the extra lactic acid, apart 
from ite effect on the energy barrier and the conse- 
quent excretion of sodium, would appear from the 
absence of this effect when comparatively little muscle 
sodium was present for excretion, as when 10 mM 
potassium chloride was incorporated in the soakmg 
fluid. Also, it may be added, there appeared no 
contractures at any stage, under the conditions. 
Space does not permit of further considerations of 
important pointa of detail in this presentation, but 
it is hoped to deal with these matters in coming 
communications with Drs. Kernan and Zadunaisky 
and with Mies Mullaney. 


1 Desmedt, J. H, J. Phyriol., 181, 191 (1053), 

*Oonway, N. J , Physiol. Revs., 37, 1 (1057). 

* Conway, B. J., and Oarey, AL, J. Phystol., 138, -2, 233 (1055). 

s Oaer, M, Conway, B. J., and Kernan, B., J. Physiol., 148, 1, 51 
(1959), 


* Graham, J., and Gerard, B. W., J. Oall. Comp. Physiol., 88, 99 (1046). 
t Keynes, R. D., and Maisel, G. W., Proo. Roy. Soc., B, 148, 883 (1054). 
* Keynes, E. D., and Swan, R. O, J. Pkynol., 147, 3, 591 (1050), 

way, E. J., ın “Tho Method of Isotopic Tracers a eee 


Brady, of Active Ton_Tranaport’', ler. Colloque de 
(Pergamon Press, London, 1958). 


* Frasier, H. B., and Keynes, B. D., J. Physiol., 148, 2, 302 (1960). 
10 Conway, H. J., Imt. Rew. Optology, 8, 410 (1953). 
u Oonway, H. J., Int. Rev. Optology, 4, 877 (1955). 
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ASTROPHYSICS 
” Local Increase of Intensity of Cosmic 
Radiation 


Dusma the International Geophysical Year, no 
important proton event of solar origin was detected 
on the Earth by the different stations; but on the 
other hand, high-altitude balloon flights show that 
arrivals of low-energy protons to the polar regions 
were rather frequent events. These arrivals of 
protons are generally preceded by æ solar flare 
associated with a radio outburst of type IV, and are 
acoompanied by ionospheric absorption, total or 
partial, in the polar regions. 

As these events are of considerable importance in 
far voerigaben of Karth—Sun relations, we thought 

it mteresting to communicate some local increases 
of the cosmic-radiation intensity (impact region), 
detected by stations on the Earth, which seemed 


tion given by other stations or observatories will 
perhaps make it possible to find the exact cause of 
these events. 

Thus, on December 4, 1957, ee 
~ Paris Cosmic Ray Survey Station 
co-ordinates ; 51 2° N, 84-7°, altitude : $0 mstion), 
by means of an unshielded telescope detecting the 
total oomponent, an increase in intensity of coemic 
radiation. 


Particulars of the equipment are as follows: 
Thickness of the materials constituting the roof of the 


2-5 gm./om.*. 


reduced to gm./om.*: 9 gm./am.’. 
ago counting-rate: 227 counte/min. at 
& pressure of 760 mm. of mercury. 


: 8 trays +3 
of 5 counters aasembled in threefold _? 
comcidence. Aperture angle: 55° x —4 


110°. Shielding : 10 ee of ai ion 

of steel. p-meson detection thræhold: 44 
165 MeV. Average counting rate: 87 ‘a 
Se BA © proeparo 0f T00 mmm o0 2 
“The recording of received i is -+4 
done by a pri clock, which marks ° 


the times for 10,000 impulses. On —4 
average we thus obtain a record covering 
44 min. (or 227 counts per min.) for 
a berometric pressure of 760 mm. 


mercury. 

An increase, of 18 + 2 per oent total 
amplitude, the maximum of which 
occurred at 22 hr. 45 + 20 min. U.T, - 
began ab 21 br. + 20 mim. V.T. and 
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finished at 0 hr. 15 + 20 min. u.r. on December 5, 
1957 ig p 1). It was not detected on the hard com- 
ponent. The effect was therefore preponderant on the 
soft component 

Weare shoh tila event hua bean ordi 
by other stations. Only the station at Thule (geo- 
magnetic co-ordinates: 88-0° N., 1-1°) showed an 
increase of 5 per cent between 18 hr. and 20 hr. v.t. 
on the nucleonio component! (Fig. 1). As the records 
of this station were only recorded bt-hourly, it is 
poesible that the increase would be more prominent 
on @ shorter recording period. 

The maximum time between the onset of these two 
increases of cosmic-ray intensity should be 8 hr. -+ 
20 min. 

This event took place during a period of relatively 
quiet solar activity. For the whole day of December 
4, 1957, only one important radio outburst was 
detected at Ottawa? on, 2,800 Mo./sec., ab 16 hr. 
57-5 min. V.T., coinci with a flare of importance 
1 observed at Hunoayo (16 hr. 56 min.—17 hr. 04 min. ; 
max. 16 hr. 58 min. V.T. ;—20-5-18° W.)*. 

The delay between this solar event and the increase 
recorded at the station at Thule should be 3 + 1 hr. : 
a delay analogous in rough approximation to those 


to the arrival of of solar origin’. 

Te eines be eed that the heli io longitude 
of the flare (18° W.) corresponda to part of the 
Sun where protons emitted during a flare have a great 


Pre oe ee ee 
Earth’. On the other hand, the imorease at Thule 
ES lat So AF i an nla ee Nd 
(Kp = l- during 18-21 hr. v.v.), whereas the Paris 
event took place during a perio ‘when the magnetic 


aa ee ee 
u.r. and 4° during 0-3 hr. v.t.)* (see Fig. 1). 
ae ae the Gale aie eee ts ane 
observed on the Thule and Paris records. 
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Indeed, cosmio-ray particles with an energy lees 
than that for geomagnetic cut-off m the latitude of 
Paris, which are generally forbidden, could in conse- 
quence of the increased magnetic activity penetrate 
by impact at this latitude. An analogous event was 
recorded at the Paris atation on January 21, 1957 
(ref. 7). 

All these differant events and the way in which they 
occurred suggest an, arrival of protons of solar origin ; 
but their small magnitude makes it necessary to 
have further experimental observations for a definite 
conclusion. 

J.-P. Laapanp 
A. Hanary 


Commissariat à l'Energie Atomique, 
Limeil-Brevanneg, S.-eb.-0. 


1 Cosmio Ra eee during the Intonatonal Geophyalogl: Toat 
Maroh 1 $ 


No. 1 


* Bolar Teal Da, Bi den Jan. 1058 Type: 3 Simple 2; Start 
16 hr. 67 min, 5 mm, max. 16 hr. mi ; 
peak fi OT loi W resem, AE 4 Post inarvase ; 36 
min, ; fux, 8 x 1 


* Solar Geophysical Data, Part B, oe 
eos Es U.B. Natonal Bursan: óf Riiadards, Gyles of contusions 
the Hxosphere (1059). 


sA and Piok-Gutkmann, M., O.R. Aosd, Soi., Paris, M9, 
aie lit 


“Planetary Three-hour-Range Indices Kp”. 


' Chanson, P., and Bon: ML, C.R. Acad, Sa., Paris, 
Teagan 2 (1957). Le 


RADIOPHYSICS 


A Highly Directive Rotating Array for 
16 Mc./s. 


Tus typical rotating back-scatter sounder)® uses 
a horixontal 8 or 4 element Yagi for both transmission 
and reception. The main-lobe width for such aerials 
is commonly about 60° between half power pointe, and 
when the aerial is used in conjunction with a ‘trans- 
mit—receive’ switch the effective lobe width reduces 
to about 40°. This means that echoes will tend to 
become ‘smeared out’ in azimuth to a greater or leaser 
degree di ing on the received signal strength. 

One of the investigationg being undertaken at 
Brisbane is concerned with the detection and analysis 
of echoes from field aligned ionization m the F 
region of the ianosphere*, and for this purpose it 18 
desirable +o achieve some finer de- 
gree of discrimination of the azim- 
uthal extent of echoing regions than 
is possible wrth the simple Yagi 
system. Considerable thought has 
been given to the design of & large 
low-cost rotatable array of aerials, 
and some degree of compromise 
proved to be necessary. 

The system chosen consiste of 4 
three-element Yagis separated “by 
1-1 wave-lengths, mounted on & 
truss 228 ft. ee ce at ite 
centre, and supp by four bogies 
with normal truck wheels and 
balloon tyres running on concrete 
tracks (Fig. 1). 

Each Yagi is constructed entirely 
of alummium and mounted at the 
top of a guyed aluminium mast 30 fb. 
above ground-level. (This height 
gives maximum signal at an eleva- 


{115° BL) 


Todor he U anapod ir 
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Elevation and plan views of rotating array 
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Brg. 1. 


wy 


—100° 120° —80* —40° 0° 40* 80° 120° 100° 


Wig. 2. Ballito power renna Afriy gag tahon (in toe lorizonkal 
plans). ———, Computed power; ...., measured power 


tion angle of about 25°, a value suitable for the 
experiments in hand.) All the Yagis are fed in the 
game phase, and the relative currents are chosen to 
reduce the intensity of side lobes noar the mam 
beam. The computed aerial gain is 150. 

A comparison of the computed and measured 
azimuthal radiation pettern of the aerial array is 
given in Fig. 2. The two major lobes at -+ 55° are 
reduced from an amplitude equal to that of the central 
beam only by virtue of the reduced radiation from 
each individual Yagi in this diroction. The high 
front-to-back ratio of the system is likewise entirely 
produced by the Yagis. The small degree of asym- 
metry shown in the measured pattern is not of any 





Maplodenhon Satyr iat t Braban 0030, Ma 
trace centred on 180* ML is typical of wp cepa AG 
reflexions obtamed 
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"major importahoe when the array is used both for 
franmmission and ion. Under sach conditions 
the effective beam-wi is 8° (to half-power pointe), 
and the lobe at — 55° is 19 decibels down with respect 
to the main beam, thus giving a considerable increase 

in aximuthal resolution over the use of a single Yagi. 
The baok dobe is 24 decibels down with respect to the 

- forward beam. 

The system is rotated by two 1 horse-power electric 
motors hydraulically coupled and geared down to 
drive one of the wheels on each outer bogie. Normal 
speed of rotation is one revolution m 3 min. 

Fig. 3 shows an example of a range-asimuth display 
obtained using the array, which illustrates the 
particular advantage of the narrow beam for the 

itive reflexions. 


é dge 
“Research Centre, Air Research and Development 
Command, under contract No. AF 64(500)-9. 


J. A. THOMAS 
R. W. E. MoNroor 


Physics Department, 
Univerity of Queensland, 


1 Villard, O. G., and Peterson, A. XL, Treas. Inst, Red. Eng., PGAP-3, 
: 186 (Ang. 1958). 
1 Shearman, M. D. E., Proc. Inst. Elso. Eng., 108, B, 203 (March 1056). 
ag A. W, “Annals of LG.Y.”, 8, Part 4 (Pergamon Press, 
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Radar Determination of the Scattering 
Properties of the Moon 


INFORMATION about the scattering popie a 
the Moon’s surface has been deduced by Evang! fro 
a ee ee Hs results 
ware 0 by picturing the surface as an assembly 
of randomly spaced scatterers. Such a concept, how- 
ever, does not take into consideration the distribution 
in depth of the scattermg elements. An approach 
which does so is that adopted by Feinstein’, who used 
BS ea asp dn gran ae Fy 

m a plane surface ha random 
ronila (ist “and & Rodan both-of the space 
*. co-ordinates and of time. With minor modifications 

to take into account the curvature of the 
surface, Feingtoin’s resulta may be applied to lunar 
radio echoes. 

- Consider first the lunar surface to be corru- 
gated in one dimension only, so that ite 
height A above a mean level can be 
by the random variable 


centres of the Earth and the Moon. If the resultant 
surface velocity due to the lunar librations is v, and 
if the co-ordinate plane is determined by this vector 
and the line of centres, the function A will have the 
form A(z — vt). 

Now assume that A is normally distributed and thet 
the joint distribution of the h’s at any two points is 
bivariate normal. The space correlation function of 
the signal envelope observed by spaced receivers on 
the Earth's surface when the Moon is directly over- 
head oan then be shown to be: 


Ols) = exp{ — af — p(@B/2D)}} (1) 
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where 8 is separation between receivers, a is 4k'h', 
k is 2n/A, where 2 is the radar wave-length, At is 
naea ALE disbabation Of k pw nra ii pan 
correlation function of the lunar surface, R is redius 
Oe apenas distance. 
experimental data to (1), it is possible to 
aieiaa the lunar space correlation function 
p and the constant a, since C(s) approaches exp( — a) 


of the incident wave-front at the curved lunar surface. 
Space diversity testa carried out by the U.8. Army 
Signal Research and Development Laboratory over 
its circuit from Belmar, N.J., to the University of 
Dmois, at Urbana, IIL, have verified this expansion 


_ in scale. 


The autocorrelation function of the received signal 
envelope at one location on the Earth’s surface is 
given by: 

P(x)}= exp{ — oll — $(+)]} (2) 
where 4(+) is the autocorrelation function that would 
be observed at any point on the mean lunar surface 
that is fixed relative to the co-ordinate system postu- 
lated. Because of the relation between æ and f, it is 
immaterial whether we determine P(t) or O(s) 
experimentally, since both contain the same informe- 
EA Only O(s), however, is expanded by the factor 
|B 


The one-dimensional results for the correlation 

functions are directly applicable to the two-dimen- 
sional case, if the variance of A is i of 
direction. For the determination of the obion 
of angular power, however, the lunar surface must be 
treated as two-dimensional, and, m addition, the 
form of the function p must be specified. Feinstein! 
has derived the angular distribution for the case 
where : 
p = exp( — d/l) (3) 
where d is distance measured in any direction along 
iis Incas areo and t (0 more anody 1/9) te 
called the structure size. Because surface irregulari- 
ties much smaller than à will not appear m the 
reflected wave-front, the smallest value of ł determin- 
able from radar observations will be of the order of 
magnitude of A. If Feinstein’s resulta are again modi- 
fled to fit the lunar problem, the angular power 
distribution is found to be: 


a 


p(r) = (exp — a)[ooa(kr*/R) + Doa exp( — rk mR")] (4) 
a= 1 Nn! 


In order to determine p(r) completely, we must first 
assume that p(d) has the form given in (8) and obtain 
numerical values of a and } by fitting observational 
data to (1) or (2). These values of a and l are then 
substituted into (4). 


Faep B. Danes 


U.8. Army Bignal Research and 
Development Laboratory, 
Fort Monmouth, 
New Jersey. 
1 Hyans, J. V., Proc. Phys. Sos., B, 70, 1105 (1987). 
1 Feinstein, J., Inet. Red. Eng. Trens., AP, 8, 23 (1054). 
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GEOPHYSICS 


Anomalous Leads from a Selected 
Geological Environment In West-Central 
New Mexico 


A Demma study of lead isotopes has been 
undertaken in order to evaluate variations in the 
wwotopic composition of lead with respect to the 
geological environment of the sample area. Support 
for the project is being provided by the New Mexico 
Bureau of Mines and Mmeral Resources division of 
the New Mexico Institute of Mmmg and Technology 
and by the Geophysics Laboratory of the University 
of Toronto. 

A fleld area was desired in which the number of 
geological variables would be at a minimum. An 
area of approximately 5,000 square miles in west- 
central New Mexico was found to satisfy this require- 
ment. Barite-fluorite-galena ray are scattered 
throughout the field areat,*. ese deposits have 
identical mineralogy, very similar geological settings 
with respect to host rook type, and a common 
depth-temperature type of mineral deposition. Within. 
the field area, the Hansonburg mining district was 
selected for detailed studies of single galena crystals 
and for determmation of local isotopic detail across 
parallel north-south mineralized fractures. The other 
samples have been taken from localities scattered 
across the field area m order to 
investigate the possibility of wide- 

wotopio variations. The 
location of sample number 1054 is 
unique m that it is located near 
deep-seated acid intrusives, but 
here too the mineralization is very 
similar to that of the other sample 
locations’. 

Galena (PbS) was the mineral 
collected from each site chosen for 
this preliminary study. Freeh, 


unweathered were util- 
ined, and wherever le the 
entire sample was from a 


amgle galena crystal. When the 
samples contained only fine-gramed, 
diassmmated galena, the sample was 
crushed and pulverized to minus 
20 mesh, screened, and a heavy 
mineral concentrate prepared by 


Fresh galena was then 
ee picked from the heavy mineral 
concentrate under a microscope. 

Following the sample preperation 
at the New Mexico Bureau of Mmes, 
the samples were sent to Toronto 
for analysis. The hand-picked 
samples of galena were dissolved m 
hydrochloric acid, and the lead ions 

cipitated as lead iodide. A 

d reaction, of lead iodide and 
motbylmagnesiam bromide at room 
ture was used to produce 
tetramethyl. The lead tetra- 
methyl was mass analysed in the 
Nier-typg 180-deg. maga spectro- 
meter operated by the Geophysics 
Laboratory of the University of Tor- 
onto. The ision of the various 


analyses is wn in, Table 1. 
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Table 1. PRECIMION or ANALYSES ` ` j 
Average sem: 

Lead isotope | Sample varaton range | Yara pis 
204 S m +0 001 to +0011 3 = 40 005 
206 Seid @ wo +008 Smid 04 
207 g- +002 t +006 g= +0 03 
208 S -~ +008 to +0 00 S =-+ 0 05 








s= [zea 1 This ie the precumon of an individual mass 


a-—l1 
soen and is not ihe error of the average values reported in Table &. 


A large orystal of galana from the wall of an open 
fracture zone in the Hansonburg district was selected 
for detailed study. The galena crystal, illustrated in 
Fig. 2, had the form of a cube out in half along a 
diagonal plane. The diagonal surface of the crystal 
was attached to a large breccia fragment of ailicified 
limestone. The crystal was sampled by cutting it 
mto small cubes with a diamond saw.. A oorner 
(ample 111) and two samples along a di 
(samples 222 and 333) were analysed. The positions 
of these samples are indicated in Fig. 2. The corner 
sample was found to be distinctly different from the 
internal samples. The compositions of the crystal 
samples are listed in Table 3 under sample number 
1049. 

Samples of galena were collected along east—weat 
lines across the north-south mineralized fractures in 
the Hansonburg mining district. Small, consistent 
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Fig. 1. Map of feld area showing location of samples 
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lin, 

Wig. 2. Single crystal with sample postions shown 
variations in isotopic composition were found from 
weet to east. Radiogenio lead was found to morease 
to the east. Samples 1,040, 1,046 and 1,047, taken 
from weet to east, illustrate this. The sample spacing 
is 200 ft. between samples 1,040 and 1,046, and 100 ft. 
between samples 1,046 and 1,047. No north-south 
trends were noted in, the Hansanburg mining district. 
e Regionally, the geological map of New Mexico‘ 
mere basement structure 


than the other samples taken in the field area. Such 
isotopio variations soggost that basement structure 
may be reflected by ee oe oamposition of the 
lead present in the overlying mineral deposits. 
When all of the samples are plotted as lead- 
207/lead-204 versus lead-206/lead-204, they fall 
in a straight line. The slope of this line, as determined 
by the least squares method, is 0-0938. Applying the 
method of Farquhar and Russell’, the maximum age 
for the source of the radiogenic lead additions is 


Table 2. Preuswration oF Data 
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caloulated as 1,530 million years. This figure agrees 
fairly well with the age of 1,800-1,450 million years 
given by Tilton and Davis’ for the basement rocks 
of the south-western United States. 

The preliminary work reported herein indicates 
that continued research is warranted within the 
limited feld area selected. The lines of isotopic 
research being continued by us are: (l) De- 
lineation of basement structure. .(2) Single-crystal 
detail to obtain relative ages for isotopic variations 
within local areas. (3) Delineation of local isotopic 
trends, such as the east-west trend found in the 


Cant F. Austi 
New Mexico Bureau of 
Mines and Mineral Resources, 
a division of the New Mexico 


ae Si a d- 2. U.S. Geol. Sarvey Prof. 
bs Map of New Mexico", 1 : 500 (U.B. 

EET eee 4 ™ oe 
me, 66h Gosh , and Russell, B. D., Trens. Amer, Geophys. Union, 


G. and De G. ‘Researehes 
G Band D “Tr deba Wiley end Bows, N Mew York, 


PHYSICS 


A Method for the Routine Measurement 
of Particle Shape Factors In the Sieve 
Range 
Sas distribution cannot alone describe a particle 
population, and for some purposes it becomes neces- 
sary to measure the particle shape within closely 
sized ranges. Some instances of the use of shapo 
factors are in estimating approximate surface areas, 
calculating the number of particles in a sizo rango 
and mvestigating the variation of particle shape with 
sixe. Since these applications are not confined to one 
field or industry, interest in shape factor is wide- 


If k and f are the volume and the surface shape 
factors respectively, then by definition : 
V = kit l 


S = fd? 


where V is particle volume, S is surface area and d 
is some measure of the particle diameter. It is usual 
to use the statistical diameter’, but for the present, 
a an EN eh ae 
sareen apertures on the British Standard 
+2 jae is convenient. Heywood! has given 
relationships between Se E 
diameters for various particle shapes. Clearly, these 
definitions must be i statistically; V and 
§ represent the meen of a large number of measure- 
mente. Consequently, although particle shape factors 
as defined here are simple in conception, their experi- 
mental determination, is laborious since it may be 
necessary to sample, count and weigh several thousand 


and 
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closely sized particles. However, particularly careful 
work of this nature has been reported for coal 
particles* but generally there ıs not much published 
work on ee Tady 
factor measurements for particles 
cians HP out 36 British Standard mesh (500u) 
will be undertaken reluctantly wrth such alow and 
tedious counting methods. The alternative automatic 
scanning procedures, though speeding the proccss, 
require expensive equipment. With this in mmd 
“a simple method for countmg and weighmg 
large numbers of closely smzed particles was 
developed. 

The origi 7.8 used a sieve, which was 
the limrting screen for the closely sized particles wader 
investigation, carrying on ite underside a weighed 
strip of ‘Cellotape’ of known area. Oonsequently, the 
number of covered apertures could be calculated. 
This will be referred to m the followmg ae the ‘working 
surface’. 

The particles of known density were dusted over the 
working surface and generally one ole per aper- 
ture was retained by the adhesive on the ‘Cello- 
tape’. However, a few exceptions were noted. If 
a wide range of shapes-oocurred within a size fraction 
tt was found that the number of particles per aperture 
varied from none to two or three. While theese 


frequently averaged one per aperture, as a refinement - 


a few sample rows were counted by scanning with a 
travelling Since ths particles were 
arranged m a matrix this ed a 
simple operation. With the larger perticle sizes a 
simple precaution was necessary; because the 
‘Oollotape’ must cover an integral number of apertures 
it was therefore preferable to measure the affective area 
of the working surface after dusting with particles. 
Carefully removing the ‘Cellotape’ with its adhering 
particles and re-weighing enabled the average weight 
and volume of a single particle to be calculated. 
Thus, k may then be determined directly, and f 
may be calculated from specific surface area data. 

While the application of a mesh in this manner for 
particle counting was found to be a most useful 
innovation (it has since been discovered that the 
idea of counting by using © specially moulded plate 
holding one particle per recess is sometimes employed 
when bottling ical products such as 
aspirin), the two main steps: (a) measuring the area 
of the ‘Cellotape’ for each determination ; (6) peeling 
the ‘Cellotape’ away from the sieve for re-weighing, 
were inconvenient and the original method has been 
improved. 

Disadvantage (b) is Ba ts using rimmed British 
Standard mesh disks of about 7-om. diameter. 
‘Thess weigh abou 20 afl. and canséeaseitky the entire 
disk and ‘Cellotape’ with the eee eta 
in situ can be weighed on an analytical balance 

Disadvantage (a) 18 not as easy to overcome as ; (b) 
but fortunately it is not as serious. However, if a 
mesh were available containing æ known standard 
number of a then the entire surface could be 
covered with ‘Cellotape’ and area determination would 
be unnecessary. Utilizing this idea it was found 


at the edges. Sealing the edges to a depth of several 
aperture diameters with a plastic material, while 
oy See eee ee eee ee - 
pletely obviated these disadvantages. 
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Fig. 1. Standard count mesh: 100 Briah Standard (162-m 
pertures 


aperture) containing 87,248 a: 


The technique of making these meshes 19 to use 
‘Cellotape’ to avoid sealmg the working surface 
when the plastio is applied to the edge and is given in 
the Append. Fig. 1 illustrates a standard aperture 
count megh made from a 7 -5-cm. square of 100 Britial 
Standard megh (152-2 aperture, 102-2 wire diameter). 
Ite edges were sealed to a depth of about 40 apertures 
(~ 1 cm.) and the working surface contains 37,248 
apertures. Fig. 2 shows a magnified section near a 
corner of this mesh after ing with coal particles 
sized between 100 and 120 British Standard mesh 
(152-1242). This incidentally illustrates how sieves 
tend to select some coal particles along a diagonal 
and indicates that the ratio between the statistical 
diameter and the mean sieve aperture should be 
~4/2. Vales reported by Needham and Hill* 
support this. 
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is useful here. 

~ For counting the finer particles, electrolytically 

“deposited grids have been used. These have excellent 

mechanical strength and can be cut easily to produce 
surface. Sealing the 


is a decided advantage. However, prelimmary 
“results indicate that they are slightly inferior to woven, 
mesh, for often two particles occupied one a; 


The grid is thinner than the correspo aized 


mesh, and ita wires are rough snd rectangular im 
section, as against smooth and circular; observation 
indicates that these factors may have some infiuence on 
the adverse effects noted. Nevertheless, a technique 
for using these grids could probably be developed. 
British standard mesh number 
2 3223A BB8RFRSSEPER AAS 
0 - 





count meshes could be woven 
i as ora lc Po e E 
being (say) 5-om. squares of working surface separated 
by 1-om. wide stripes of close weave. These could be 
cut and suitably mounted. It should be noted that 
for 100 British Standard mesh material a 65-om. 
square of working surface would contain about 40,000 


results were reported earlier’* where 
dt gee selene caves Eh OE 
was obtained. Interesting confirmation of this value 
based on Heywood’s work has since been communi- 
cated (Bramley, J., private communication, repro- 
duced in ref. 8). 

Some recent measurements on coal samples are 
illustrated in Fig. 3, which demonstrates a variation in 
k with particle sixe. The method of plotting is clearly 
more revealing to changes in k than the usual logarith- 
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mic plot of V against d. Also, if a differently defined 
measure of particle size ia introduced as a ratio with 
d then a plot by dimensionless groupe follows ; 
this could be useful in correlating shape factor data. 

This work is part of a project concerned with the 


colleagues in this 
especially Mr. D. Howitt, who carried out the experi- 
mental work. 


Department of Mming, 
University of Leeds. March 28. 
1 Herdan, G., “Small Partiols Stativiios’’ (Mlecvier, Amsterdam, 1953). 
ellayalls, J. ML., “Miromeritioa”, second. od. (Pitmans, New York, 
* On, C., J. say” “Fme Partioks Measurement” (Mao 


and Dalle 
aflame New York, 
1 British Standards Institution, "Test Sseves”, 410 (1043). 


eee eee poetai on Partsle Size Analysis”, 14 (Inst. 


*Moeedham, L. W. ae a Te Fwa, 14, SRR (1938). 


1 Harris, O. O., and Smithy H. “*Becond B on Coal Pre- 
paration”, i or TET 7). 
* Harri, O. O., Ph.D. thesis, Untversity of Leeds (1950). 


Appendix. A Method for making Standard Aperture 

Count Meshss 

(1) Commence with a suitably sized mesh rectangle 
which has been cleaned in a grease solvent. A 
7-5-om. square was used here. 

(2) Btick a strip of ‘Cellotape’ on to the mesh 
80 that the outer of the tape lies along and 
covers @ wire situated about 1 om. from the 
edge of the meah. Repeat on the reverse side 
of the mesh for the same wire. 

(3) aa care for the opposite edge of the 


(4) pees a layer of plastic material to both sides of 
one uncovered edge and quickly spread evenly 
opposite 


Corr C. HARRIS 


oa both hides wih a epatals. Treet the 

edge in the same way. An epoxy resin and a 
proprietary brand of plastic solder have both 
been used succesafully 


(5) When the plastic is dry, but still soft, pool the 
‘Cellotape’ away and a straight clean edge should 
result. To assist this it is sometimes advantageous 
to score the plastic gently with a sharp knife. 

(6) When the plastic has hardened treat the remaining 
edges in the same way. 

D. Howrrr 


Gallium Arsenide as a Semi-insulator 


Some semiconductors have T Mier low 
resistivity, and this is due to their containing electri 

cally active impurities with energy-levels near a band 
edge. Others have very high resistivity and this is 
due to their containing a predominance of impurities 
with: levels far front the band edosa, that im, fhr 
compared with the thermal energy kT. These latter 
materials are often referred to as insulators, but 
since they can carry electronic currents we fer to 
introduce the term ‘semi-insulator’ to d: them. 
A material such as cadmium sulphide, which by suit- 
able choice of impurity content can be made a gemi- 
conductor or & semi-insulator, is of particular interest 
and much work has been done on cadmium sulphide 
in the past few . Gallium arsenide if another 
substance with the same property, but has the 
advantage that both n- and p-type material may be 
readily prepared. 
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LLL LLL LLL, 
-== E, 
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As normally prepared in this laboratory undoped 
gallium arsenide is n-type with about 10'* electrons/ 
om.*, which come from a residual impurity acting as 
a shallow donor. Under conditions in which oxygen 
ig present during the preparation high-resistrvity 
material is obtained. The most reasonable hypothesis 
is that oxygen gives rise to a deep scceptor-level 
which compensates the donors. It is therefore of 
interest to consider the behaviour of a system with a 
given concentration of donors Np and a variable 
number of deep acceptors with concentration Nu. 
My experiments suggest that the soo He level ab 
E1 lies below the intringio Fermi-level &;, aa shown 
in Fig. 1. The Fermi-level varies with N4 m the 
manner shown schematically in Fig. 2. It will be of 
advantage to introduce a quantity : 


Fig. 2. Fermi-level as a funetion of tor concentration for 
fixed. donor concen 1 (echemsatio) 


X= Np 
which I aball call the ‘degree of compensation’. 
Four regions of interest may be distinguished : 

(1) Na Np, y 1. The concentration of eleo- 
trong in the conduction band n is, to a good approxi- 
mation, equal to Np and the material is low resistivity 
n- . 

(2) Na=& ND, x1. The Fermi-level drops from 
a position near the conduction band to one near the 
aoceptor-levels, this ing over a very 
small change of Nu. For example, ff Nu is 0-9 Np 
then n is 0-1 Np and the material is still of fairly low 
resistivity, the Fermi-level having from its 
position in region 1 by only kT m10 (about 0-06 eV. 
at room ture), while if Nu is 1-1 Np then the 
Fermi-level to a postion only kT Inl0 
above the acceptor-level, and n will decrease by 
many orders of magnitude. In the present model 
which has B below Æ; the material will change from 
high resistivity n-type to high resistivity p-type in 
this region. When N1 is greater than but not much 
greater than N p the electron concentration is given by: 

. i Ba Soi Ba 
No. ap -pr (1) 


that is, it is determined by the degree of compensation 
and the acceptor energy-level only. From the abeolute 
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magnitude of n and ite variation with temperature 
both x and Bo — E1 may be determined. 

(3) Na > Np, y> 1. As soon as N4 becomes 
appreciably greater than Np the Fermi-level becomes 
locked near the acceptor-level and the material is 
high resistivity p-type. In this region the hole 
concentration is given by: 


p(y — 1).Ne.exp Gar (2) . 


plac ner ha PAOL Erat Tie eee ene and 

equation 2 is the same sa that of equation 1, for 

hold when the poartion of the Fermi-level is determ- 

ined by Nua and Np alone, p and n both being 
igible. 

(4) Na> Nv, x> 1. The position of the Fermi- 
level is now determined by the distribution of 
electrons between the valence band and the impurity- 
level. As Nu increases the hole concentration m- 
creases, but since B.is far from Es then p cannot be 
large and the material is still high resistivity p-type. 
In this region : 

p= (N,N a)i oxp t (3) 

By considering Fig. 2 it is easy to see what modifica- 
tions to this behaviour are introduced if F4 lies above 
H;. The general shape of the curve of Br against 
Na is but now the point of intersection of 
Ep with F; is moved to the right, that is, the change 
from high resistivity n-type to high resistivity p-type 
ocours at a much higher acceptor concentration, an® 
in practice this may not be attaimable. 


E- 


ACCEPTOR LATTICE SITE | ` RESERVOIR 


3. Tts energy schome for the formation of an acosptor during 
Fig. auto-compense fon 


Experimentally it is found that in semi-insulating 
gallram arsenide Hu does he below B;. The existence 
of n-type high resistivity material requires that 
x ~1 and we find from the expemments, using 
equation l, that y — 1 is as little as 10-*. Clearly 
it 1s umlikely to happen in a large number of specimens 
that N 14 should approach N p so closely just by chance, 
and some mechaniam of automatic compensation 
must be operative. A rather general model for this 
is illustrated in Fig. 8. Again we regard Np as a 
fixed given quantity. There is & reservoir of lattice 
defecta (in which term I shall mclude impurities) 
which are in an electrically inactive state at energy 
H,. These can go over to lattice stes at which they 
behave as acceptors, with energy #,. If in this site 


they an electron the energy of the crystal 
decreases by an amount Fe — Hu, and this state has 
energy E, One then has a problem in statistical 


thermodynamics in which defecta are distributed 
over levels H, E., B, and electrons over levels 
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E. Hu, BR, the two systems being coupled by the 
fact that the level E, has an electron associated with 
it. To investigate this model in detail requires a more 
+ exact specifloation of the states ; but it is immediately 
obvious that if the differences H, — B, 


too great then almost exact compensation will occur 
as long as the reservoir contams sufficient defects. 
In other words, it is energetically advantageous for 
Ciia So econ ocopiani Po long oe shore inan 
electron for them to 


~ contrary to observation. Also the calculated degree 
of pairing is insufficient to account for the exactness 
of compensation found. 

In the case of semi-insulating gallium arsenide 
it seems probable that oxygen is dissolved in the lattice 
in two different sites, being electrically active In one 
site (as an acceptor) and inactive in the other (as the 
reservoir). In the case of cadmium ide and 
similar compounds, the work of Kröger and Vink’ 
shows clearly that the deep levels are associated with 
crystal defects arising from non-stoichiometry, and 
the reservoir of such defects is obviously the ambient 


atmospheres, similarly in gallinm arsenide 

ene should be able to vary x by suitable heat trest- 
ment. 

My model suggests that semi-msulators of the type 

I have described, that ia, those in which a shallow 

pensated by a deep acceptor, 

should exhibit A atn hole trapping effecta but 

little electron trapping. This has a number of practi- 

cal implications. For example, the high photo- 


space-change currents in 
certain crystals of cadmium sulphide? but not in 
others may be explained by variations in y between 
the crystals. One might predict that semi-msulating 
galium arsenide suitably heat-treated might also 
show such currents. 


attempting to account for the experimental 
Dr. G. T. Wright on cadmium sulphide and of Dr. C. 
Hilsum and his colleagues on gallium arsenide. I 
wish to thank them both for extensive discussion of 
the problems involved. 

Acknowledgment is made to the Admiralty for 
permission to publish this communication. 


1 Prener, J. 8., J. Chem. Phys., 28, 1204 (1056). 
"Kroger, F. A., and Vink, H. J., Physics, 90, 950 (1054). 
* Wright, G. T., Mature, 183, 1206 (1058). 


Gallium Arsenide for y-Ray Spectroscopy 


CaysraL conduction counters offer an improvement 
in energy resolution over ionization chambers or 
scintillation counters for steal s of nuclear 
particles. _ Semiconductor counters which employ 4 
charged 


i ranges exceeding 
silicon a orystal with efficient charge collection 
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throughout its bulk is required. Most crystals of 
sufficiently high resistivity contain so many electron 
traps that collection of the ionization current is 
inefficient, and only diamond has previously been 
found to count single y-ray events. The usefulness 
of diamond as a crystal counter is restricted. 
We have found that the semiconductor gallium 
arsenide with resistivity at room temperature exceed- 
10° ohm-om. is an efficient icle counter. 
a bar of this material is bombarded with 
y-radiation from cobalt-60, pulses of charge are readily 
observed. The time for the pulse-rise is about 5 paeo., 
and pulses of 0-5 mV. across a megohm load are seen 
with an applied field of 200 V.jom. This effeot 
occurs in both n-type and p-type gallium arsenide of 
high resistivity. The samples used in these experi- 
ments were of dimensions 1am. x 0 2am. x 0:lom., 
ee to be no reason why larger crystals 
made. We are examining the spectrum 
Se: the Jibs Leet and resolution of energy, and our 
results will be reported elsewhere. 
Acknowledgment is made to the Admiralty for 
permission to publish this communication. 
W. R. Haroma 


ENGINEERING 


Pump Fluids for Higher Vacuums 


Ix the decade after Burch introduced petroleum 
oils as working fluids for the condensation 
pump, the silicones, octyl aloohol esters and petroleum 
pump fluids converged to a low-pressure optimum at 
about 10! mm. mercury, which the succeeding 20 
oe TO P ee a 

three-stage glass pump when measured at 
iant temperature of 25° O. 

poo particle accelerators and the conquest 
of space have made demands for pressures ten or 6 
hundred times lower, to be induced in relatively 
enormous containers, and it has been necessary to 
augment the pumps with traps filled with liqud 
nitrogen or helium, together with means for periodic 
baking out. The proliferation of apparatus occasioned 
by these and other alternatives is becoming far too 
cumbersome and expensive. 

In April 1959, learning of their use as high-tempera- 
jars Wabelocatas 1 Boban ocariination: of A ales of 
phenoxy benzenes and polyphenyl ethers’ of the 
general formule 


COS a 
D) O 


which may restore simplicity to the vapour pump. 
Not only oan some of the compounds giv 
in the 10*-10*° range untrapped, but nib diao their 


(2) 
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attached to a three-stage glaas air-cooled pump 
(type 25W, Consolidated Vacuum Corp.) by a tube 
2 cm. in diameter with two right-angle bends 
ahowed no clouding of the glass beyond the first 
bend in two weeks at an ambient temperature of 
30° C. The filament, energized after 54 hr. i 
indicated an mmediate presure of 8 x 10-*—the 
inrtial gas burst—and 1 x 10-* 13 min. later, without 
resort to degassing or baking. The lowest indicated 
pressure with the filling : 


m_-bis(m-phenoxyphenoxy)-benzene (3) 


was 45 x 10 mm. mercury, again untrapped. 
This is equivalent to an altitude above the Earth of 
400-800 km. 4, to latitude, and a mean free 
path of 10-100 km., depending on the composition 
of the residual gas. 











Tempera- | Vapour 
ture in papere Lowest 
25° 0 yot 
Nams of pump ftmdj| (approx- | mm. mer- | in untrapped pumps 
imately) | cary) (ex 25° O., am 
trapol- 
| aaa ne 
1-Stage” 
2-Hthyl hexyl 
Bis tenis 190° 0 2x10 1x10“ 
S a 
) other 198" 0 10 
eet benzene | 250° 0 10-4 5x10“ 
M- - 
‘phenoxy)-phenyl 
éther. > T 280° 0 107 6x10 
Wiid meta- and 
para-t-ring others | 250° 0 <10 6x10 











* This experiment, tested tn vertical glass pump, with Vg. le gauge 


tube, 
This experimen in 3-stage fractonating pump, with 
< Bayar Ai Ord. tO i 110 tube. paa 


The resulta of some early comparative testa are 
shown in Table 1, while the gas bursts at ultimate 
vacuum sre recorded at an ambient temperature of 
30° C. in Fig. 1. The single-stage pump was fitted 
with a Vg. la ionization gauge tube through two 
right-angle turns; and the three-stage pump with a 
Bayard—Alpert gauge GI.C. 110. In each case, the 

gauge had been de-energized for 16 hr. after reaching a 
low-pressure plateau, and it is the response immedi- 
ately after re-energizing the flament that is shown in 
Fig. 1. Other co: ands, tested only in the single- 
stage glass pump, for lack of material, showed con- 
siderable promise, for example: 


bis(m-(phenoxyphenoxy)-phenyl) ether (4) 


which on one ooceaion reached an unreadable yalue 
with the Vg. la-ionization tube. A 5-ring mete- 
pare-isomer gave a very high vacuum in the three- 
stage pump, 1 x 10-* or better. Simcoe the vapour 

at room temperature of the 5-ring ethers 
are of the order 10-4 mm., it is probable that further 
purification, coupled with modrfication of pumps, 
should lead to the direct production of still lower 
preasures. The ultimate vacuums of the present 
experiments were not immediately obtainable, but 
required treatment of the samples aod generous 
insulation, of the pumps to conserve heat and 
charring of the bench with the higher boiling fillings. 
The behaviour in metal and other vacuum 
properties of these fluids will be presented through 
the vacuum journals. 
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2x10‘ 
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DE. O ARST 

T am indebted to the Monsanto Chemical Co., St. 
Louis, Missouri, for gifts of the compounds, and to 
the Trans Penn Wax Corporation, Titusville, Pennsyl- 
vania, for contributory financial support. Corre- 
spondence concerning vacuum applications of the 
fluids may be addressed to me. 


Kansara HIOKMAN 


u; x, l thal- 
o eet pi 


136 Pelham Roed, 
Rochester, 10, 
New York. 


1 Burch, 0. RB., Naturs, 188, TBO (1928). 
Maa TOT ear: Daai e econ der ger eg of ths Butare, 
» presented at the Boston meot- 
pan Ghemioal Sodio (April 1059). 

T., and Alpert, D., Rev. Soi. Instr., £1, 571 (1050). 
. H. Sotence, 131, 385 (1060). 


METALLURGY 


The Sulphide Phase in Some Iron 
Meteorites 


Maratio meteorites are composed m varying 
proportions of two iron—nickel metallic solid solutions, 
kamacite, which has a low nickel content, and teenite, 
which has a higher nickel content. The structure 
and distribution of these phases have been extensively 
examined on & macro- and on & micro-scale. Many 
iron meteorites also contain non-metallic melusions 
of an iron-nickel phosphide (schreibersite) or an 
iron—nickel sulphide (troilite). Troilite has not been. 
subject to very detailed microscopic examination for 
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Fig. 1. 





Fig. 2. Same area after sulphur printing. (x 215) 
two reasons. a ge Aaah 
during 


for museum exhibition the troilite is usually protected 
from the etching agent by a suitable stopping-off 


compound. 

Perry’ has published a photograph of an anomalous 
lamellar structure which he found at a single location 
within a vein of terrestrial weathering material in 
the Walker County hexahedrite and which he identi- 
fled as a kamacite-taanite aggregate. However, the 
gonerel appearance and location seam to suggest that 
the structure might have arisen from a partly 
weathered non-metallic compound, hence a search for 
similar structures has been made in unweathered 
portions of Walker County and other hexahedrites. 
Beveral læ have been found in a small piece 
of Walker County loaned for study by the British 
Museum (B.M. 35418). Fig. 1 shows an area in the 
unetohed condition. The groundmass is kamacite, 
in which is embedded a roughly circular brown patch 
of striated material. The black areas are holes due 
to the chipping out of material during preparation, 
and there are occasional patches of white schreibersite 
situated between the striated phase and the ground- 
maæ of kamacite. The striated phase proved to be 
as as shown by ite response to sulphur 
printing". same area examined immediately 
after Ge printing shows the striations much 
more distinctly (Fig. 2) and reveals that the dark 
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component of the striated pattern, which is un- 
doubtedly troilite, is more heavily cracked than the 
light component. It is not possible at this stage to 
give a firm identification of the light striations. 

Simia ottocls Dave algo bec obtemed Aom amall 
troilite areas in the hexahedrites Coahuila (B.M 
58295) and Tocopilla (B.M. 1981, 18). Tn each oase tho 
sulphide body was associated with a partial or 
complete rim of schreibersite. 

H. J. AXON 


favit of Manchete 
University of ; 
Bat ant 8. H., “The Motallography af Heteoritio Iron”, pl. 6 (&mith- 


doce B, and H V. O., “Prinetples of Motallo- 
graphy”, 234° (MeGraw-Hill, 1048). 


A New Phase in a Silicon hearing 
I7 per cent Chromium, 8 per cent Nickel 
and | per cent Niobium Steel 


Durme the study of a 17 per cent chromium~—8 per 
cent nickel4 per oent silioon-1 per cent niobium 
steel, the composition, of which is shown in Table 1, 
a phase not previously reported was extracted and 
subjected to X-ray examination. 

An X-ray diffraction pattern was obtained from 
the extracted residue in a 19-cm. camera 
using cobalt radiation filtered with iron foil. - The 
mterplanar of the phase contained in the. 
residue are shown in Table 2. The pattern oan bè 
indexed on a structure having parameters 
a = 4-806 A, o = 6-065 A. and a cja ratio of 1-288. 
The presence of gelatinous silicic acid in the reaidue 
prevented an accurate chemical analysis being 
performed, although it appeared that a high concen- 
tration of niobium together with some chromiun, 


Table 1 











Table 2. d SPactncs 
Tetragonal a = 4:808 A.; o = 5 9S5 Å. ; c/s = 1-288 
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Fig. 1. Unidentified phase in 17/8/1 niobium + 4 per oent silicon 


alloy etobed in s reagent. (1,000) 

silicon and carbon was present. The difficulty of 
extracting the phase under examination free from 
contamination by silicic acid prevented a density 
measurement being performed and 80 no space group 
could be aasigned to the phase. 

The appearance of the phase in the microstructure 
is shown m Fig. 1. 

We wish to acknowledge that Dr. H. Hughes 
(United Steel Companies’ Research Laboratory) 
pomted out the tetragonal nature of the X-ray 
pattern before it had been finally indexed. 

M. J. O'Hara 

D. Woxmeson 

E. T. ALLSOP 
G.K.N. Group Research Laboratory, 


CHEMISTRY 


Mass Spectrometric Investigation of 
the Vaporization of Sulphides and the 
issociation Energy of S2 
THs between second- and third-law 
values of the dissociation energy of 8,(D*,(S,)) 
obtamed from equilibrium measurements was em- 


phasized many years agoi. A relati was also 
pointed out the heat of ion of 
80, D*,(O,), D*,(80) and D°®,(8,), which should 


permit one to choose one of the values allowed by 
observed predissociations for D*,(8,) and D°*,(80). 
Recent measurements’ do not seem to settle the 
question’. 

In the vapour phase above calormm sulphide we 
have observed by mass spectrometry the dissociation 
S, œ 29, and CaS = Ca + 8, and have calculated 
D*,(8,) = 4-4 4+ 0-2 6V., D®,(SO) = 5-4 + 0-2 6V. 
D*,(Ca8) = 3-0 + 0-2 eV. and AH*,,,(vap., CaS) = 
6-4 + 0-2 eV. 

The mags spectrometric method has been described 
previously**. The sample: was heated in a molyb- 
danum Knudsen cell; provisions were made for 
disti between residual gas molecules and 
those of the beam, which passes through a cooled 
collimation system; ion intensities were measured 
with an electron multiplier. Absolute values of 
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pe va pressures were obtained from P, = 
w/S,; I; is the measured current 

to @ species 4, T' the absolute temperature of the 
Knudsen cell and S; the iti for + (ref. 6): 
Sy m (Mi nR) As G)ET At; M; is ita molecular 
mass, R the gas constant, s the area of the effusion 
orifice and # the time necessary to evaporate the 
weight G, of species +. Brightness tures of 
a small threaded hole at the bottom of the Knudsen 
cell have been measured with an optical pyro- 
meter; emissivity and window corrections were 
made’. 


Dissociation energies were caloulated from: D*, = 
— RTK +T A((F* — H*,)/T) (third law) and 
D°p = — RdlnK/d(1/T) (second law) using free-energy 
functions taken from Stull and Simke’, or for caloim 
sulphide, calculated by comparison of oxides 
sulphides, i wo, = 300 0om.!, T, = 2:3 
and that only the +£ ground-state is important. 

Tonization cross-sections were taken from Otvos 
and Stevenson’, and it was assumed that those of 
molecules are equal to the sum of those of the con- 
stituent stoms. The mass effect and the molecular 
effect of the multiplier’® were considered to compen- 
sete each other. A posable error of 20° in the tem- 
perature measurement would lead to an uncertainty 
of 12 per cant m the second-law and of 1 per cent in 
the third-law values; instead of the assumptions 
made above, it is reasonable to suggest that the 
product of ionization cross-section and multiplier 
gain is the same for the atom and for the molecule" : 
im that case the third law D*, values of Table 1 are? 
increased by about + 3-5 koal. and AH®,,,(vap , 
CaS) diminished by the same amount. 


Table 1 
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* Decimal logarithms of pressures in atmospheres. 
th Gas) Ge 
‘CaS 


scanty data 
on Us ( 
mgton (1949) ). 


r for the process is based on very 
. K. K , U.B. Burean of Mines Bulletin 476, Wash- 


The results in Table 1 and AW®,,,(vap., Ca) 
(rof. 8) = 42-2 koal, A H*%,,,(48,) = 15:4 koal, the 
standard heat of formation A H's (C88) = 110-0 + 
2 koal. (ref. 12) permit one to calculate AH*,,,(vap., 
CaS) = 147 koal. The value obtained from this 
cycle is considered to be more reliable than that given 
in Table 1 (see note to Table 1). 

D°,(S,) obtained here, combined with A H*,(8O) 
(ref. 2b) for the reaction + 4O, = 80, definitely 
rules out a value D*,(SO) smaller than 5-2 eV. 
There are good opio arguments for D*,(8O) =. 
5-858 eV. (ref. 13) rather than 5 037 eV. (ref. 3). Our 
measurements are not accurate enough to permit 


~ 
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ane to agttle the question whether the istion 
at 4-41 eV. gives the exact dissociation pa (ref. 14) 
a value D(8 a) = 4-2 eV. ue 


agree accuracy qu 

in Table 1, all available data on D(B,) ant DEO) 

(ref. 3) except appearance measurement 
equilibrium measurements (cf. refs. 1, 2, 8, 


Experimental details and further data on, strontium 
ee and berium sulphide will be published 
Thanks aro due to the Comité Belge de Spectro- 
métrie de Masse Ge ee eae 
part of the i The investigation was 
sponsored. in part by the wae Air Development 
Center of the Air Research and opment Com- 
mand, United States Air Force, through ite European 

Office, under contract No. AF 61(052)-225. 
R. Coun* 
P. GOLDFNGAR 
M. JauNEHO.os 
Laboratoire de Chimie Physique I, 
Université Libre de Bruxelles, 
Brussels. 


* Boursler de 'LE.S.LA. 
$ , P.. Jeunehomme, W., and Rosen, B., Netwre, 188, 205 
1 (a) St. Pierre, 


(robe S J. “hainin 8, 107 a8). Y Deming k W. and Bidar- 


SORLO Garm: eee: (@) Narsden, D. G. H. 


' Goldfioger, P., A and Jemebomme, M., Final Tech- 
nical Raport, RE Goria No. g£ KC -19 doso). 


Jounshomme, M. 

Pons’ i. Bon Nadonal Meoting AUi Gt Sept. 
(1060) (to bo pabilahed). y, 

ML, Stafford, F., and Drowart, J. (unpublished work). 


* ful, D. R., and Sinks, “Thermodynamia Properties of the 
‘Blements”, Amerikan Ghemnleal Boser, Novernber 1566 

oTo, T- pag eco J. Amer. Chem. Soe., 78, 546 
B. J., Nuclear Science 


Sot. Instr., 


"aaran, R G Ws and Oldershaw, G. A O., ` Proc. Roy. Soe., A, 
M40, 408 alafin 


"Dimociation Energies’, second od. Chapman and 
aa Ta, Landon, 1068) ( 
and Mundie, L. G J. Chem. Phys., 8, 263 (1040). 


(Pergamon Press, New York, 105 ) 


of, P., Oened. J. wees. gad Seen 


lonization and Attachment Coefficients 
in m-Alkyl Chloride Gases 


Wa have measured ionization coefficients in the 
five n-alkyl chloride gases, methyl, ethyl, propyl, 
butyl, and amyl chloride, using an 


a halogen atom, they exhibit no detectable electron 
attachment to form negative ions. The present work 
constitutes part of an for 
measuring ionization a a aa A 
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large variety of electronegative gases. We hope 
that mash deta will servo aa & guide for tho correlation 
of these coefficients, important to an 

of the electrical breakdown. of gases, with molecular 
structure. 

The gases used in this work are commercially 
available products which, when necessary, were 
purified by vapour phase chromatography. We 
estimate the final purity of each gas to be greater than 
99 per cent. 

The easential part of the apparatus 
consiste of a pair of plane, teri electrodes of 10 
om. diam., the spacing between which is variable from 
Oto 38cm. The cathode is irradiated with ultra-violet 
light through perforations in a l-in. diam. area in 
the centre of the anode, to produce a constant 
primary electron photocurrent, t,. The current to 
the anodo, +, is measured as a function of the electrode 
spacing, 3, at constant field strength, B, and gas 
pressure, P. Pressures used varied from 1 to 40 mm. 


mercury. 

In each of the alkyl chloride gases the current was 
found to vary as + = 1,expa3. From the abeence of 
curvature in plota of log + versus 3 over a range 
0-1<38< 3 om, we-can estimate that if negative 
ion formation. occurs at all, the coefficient of attach- 
ment, 7, must be smaller than 10-15 per cent of the 
observed ionization coefficient, a, at each B/P m 
every gas. Furthermore, in methyl chloride, for 
example, at H/P = 40, a/P = 0-0807 and n/P < 0-006. 


Hants to all for-capture procera ii may! chloride 
bably be set af approximately 0-005 for all 
|P range studied. 

The absence of measurable attachment is consistent 
with the mses spectrographic studies of methyl 
chloride by Dibeler and Reees*. They found that 
negative ions are not produced by capture processes, 
but only by a double-ion process, CH,Cl +6 = 
CH + OF +6, which has a small probability 
(about 1 per cent for 75-V. electrons) relative to that 
for the production of OH,OF ions. 


10 









A— ALKYL CHLORIDES 
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0 10 
PIS x 10° mm. Hg — aoi 
Obeerved jonization coefficients as functions of P/E 


Fig. 1. 
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The variation of « with E and P in the alkyl 
chlorides 18 accurately by the functional 
form «/P = Aexp(— BP/2), a is illustrated in 
Fig. 1. It is especially to be noted that the functional 
form a/H = Aexp(— BP/B) will not ftt the data. 
- Values of the constants A and B, as derived from the 
curves in Fig. 1, are listed m Table 1. 


Table 1 
a Bia? 

Gas om. mm? s om! mm? èV. an mm yt 
SHO 13-4 244 11 -23* 64 
OH, 161 325 10-07* 380 
#0, 1,01 207 388 10-8 100 
»-O.H,01 284 471 10- 18°4 
a-O,H,j,@ 40 4 He 10 6 15 8 


* Watanabe, K., J. Chem. Phys., 26, 542 (1057). 
+ Sievers P P., and Hippel, J. A., J. Amer. Chem. Soo., 64, 
t Hetimated. 


At present there existe no exact theory for the 
correlation, of these quantities with molecular 
structure. The approximate theory of Crowe, Bragg 
and Devins? predicts that the constant B will vary 
with molecular ters in a homologous series 
aa B = Oc;*'96, where e is the molecular ionization 
energy and 0 the total cross-section for electron 
scattering. Devins and Crowe‘ and Heylen and Lewis* 
derived values of B for a number of saturated hydro- 
carbon gases from sparking potential measure- 
ments. They found that B/e/* is directly propor- 
tional to the number of carbon-hydrogen bonds m 
the n-alkane gases, indicatmg that electrons in the 
carbon-hydrogen bonding orbitals (that is, the 
electrons in the outermost molecular orbitals) are 
most effective in electron 

The values of B/?/2 of Devins and Orowe for the 
alkanes are plotted in Fig. 2 along with our values 
for the alkyl chlorides. From the theory, the slope 
of the alkyl chloride curve is proportional to the 
C-H bond cross-section, while the intercept is 
proportional to the cross-section of chlorine bonded 
to a carbon stom. Analysis of the data yields a 
least-equares line of slope 1-16 + 0-08 and intercept 
2-97 + 0-07. The slope for the alkyi chloride data is 
approximately twice that for the alkanes. The 
largest part of this differance is possibly due to an 
incorrect choice for the functional form for « by 
Devins and Crowe. The sparking potential data cover 
a rather limited range of H/P, so that their 
data can be fitted equally well using either a/P = 
Aexp(— BP/B) or ajE = Aexp(—BP/B). The B values 
they quote were obtamed using the latter form. 
If the former expression were used msteed, all of the 
B values for the alkanes would be larger by a multi- 


Bjs” an m—! wilt 





No. of O—H bonds 
Fig. 2. Dependence of Bie ae the nambet of 


Seite i 
bonds per molsouls. Upper curve, this ; lower curve, 4 
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plicative constant of approxmmately 1-5. Even so, 
the two slopes in Fig. 2 would still be different by 
25 per cent, indicating either a larger O-H bond 
cross-section in the alkyl chlorides or different pro- 
portionality constants for the two homologous series 
in the equation B = (e,;?'*6. 

The constant A in the alkyl chlorides appears to 
vary as a+ b(no—x)*. The significance of this 
observation is not clear. 

We are indebted to E. M. Hadsell for performing 
analyses and purifications by vapour phase chromato- 
graphy. 

J. ©. Devins 
O. H. LaBrano, JON. 


General Electric Research Laboratory, 
Schenectady, 
New York. 
1 Geballe, R., and Harnson, H. A., Phys. Rss., 81, 1 (1088). 
* Dibeler, V, HL, , and Roote, B. M., J. Res. Wet, Bwr, Standards, 04, 127 
t Crowe, R. W., Bragg, J. K., and Devins, J. 0,, J. App. PAys., 28, 
TLE (1088). 
‘ Devins, J. O., and Crowe, R. W., J. Oken. Phys., 8, 1053 (1086). 
ton, A. B D., and Lewis, T. J., Bru. J. App. Phys., 1, 411 


Homogeneous Synthesis of Isotactic 
Polystyrene using n-Butyllithium 
Initiator 


OraaNoLrrHrom compounds are known to causo the, 
stereospecific polymerization of dimet and meth- 
acrylates’. Via n-butyllithrum, styrene polymerizes 
easily to atactic polymer at ordmary temperatures’. 
We have now found that styrene may be polymerized 
at low temperatures, employing butyllithium ag a 
soluble initiator, to crystallizable isotactic polystyrene. 

Polystyrene prepared in a hydrocarbon mediam at 
temperatures in the range of — 80° O. and below 
exhibits infra-red, X-ray diffraction and nuclear spin 
resonance spectra identical to those shown by isotactio 
crystalline polystyrene prepared via triethy]-alumin- 
ium—titanium trichloride catalysis. In the presence 
of ethers, however, only atactic polymer forms, even 
at — 78° O. Isotactic polymerization is much slower 
at — 40° (~ 6 per cant conversion in 48 hr.) ina 7:1 
volume ratio styrene-toluene mixture than at 
— 78° m tetrahydrofuran (> 90 per cent conv. in 
lhr.). Butyllithram concentrations of 65-10 mmol. /l. 
were used. 

A block copolymer of atactic and isotactio types of 
polystyrene may be prepared by adding an ether to a 
styrene polymerization proceeding at — 40° in 
toluene. The same result may be achieved by raising 
the temperature to 0° after polymerizing for a period 
of tome at about — 40°. Blocks of a second monomer 
species (such as isoprene, alkyl mothacrylates and 
acrylonitrile) on isotactic polystyrene can be 
even though styrene conversion is far from complete’. 


R. J. Kaen 
Monsanto Chemical Co., 
Dayton 7, Ohio. 
June 20. 


1 Stearns, R. 8., eS a a Ca 
1 Fox, T. G., Garrett, B. 8., Goode, W. H, Gratch, 8., Kinoaid, J 
Á., and Stroupe, J. D., J. Amer. Chem. Soc., 80, Troe (i088), 
* Welch, F. J., J. Amer. Chem. Soe,, 81, 1845 (1959). 
* O'Drissoll, E. F.,.and Tobolky, A. V., J. Polymer Soi, 38, 259 
* Graham, R. K., , D. L., and Goods, W. H, J. Amer. 
Chem. Soo , 83, 400 (1960). 
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Presence of Neutral Carbohydrates in 
Human Aortic Tissue 


Ix 1938, Hisamura! demonstrated that demineral- 
ized bone tissue contained two carbohydrate-protem 
fractions, a uronic acid-containing and a uronic acid- 
free fractian. 

Consden* and Glegg ef al.? later showed that oon- 
nective tissue from different organs contains both 
acid mucopolysaccharides and considerable amounts 


neutral monosaccharides, as well as glycoproteins 
which have bound hexosamine and/or various 
neutral monosaccharides in a firmly covalent band 
-to the protem. The term neutral refers only to the 
absence of hexuronic acids as constituents of the 
moleoule. 

Bertelsen and Jensen‘ showed in an earlier publica- 
tion that the content of acid mucopolysaccharides in 
aortic tissue increases with age. They also found 
with moreasing age a deposit of ground substance 
which—after oxidation with periodic acid—was 
strongly stained with Schiff’s reagent. 

This communication reports preliminary results 
obtained from experiments made in an attempt to 


extraction was made with 0-5 N sodium 
hydroxide for 4 days in an ice-box. The aortic tissue 
had already been rid of adventitia, disintegrated and 
defatted. After neutralization of the filtrate a pre- 
cipitate was i in two volumes of absolute 
alcohol (fraction I). According to Meyer and Chaffee* 
this fraction contains the acid mucopolysaccharides. 
By increasing the alcoholic percentage to 84 a further 
precipitate (fraction IL), which according to Glegg 
e al.* contains uronic acid-free carbohydrates, was 
deposited. 

Table 1 shows that the ratio fraction I/O increases 
considerably with age. Both fractions increase, but 
the percentage increase of fraction I is much larger 
than that of fraction I. 


Table 1. FRACTIONS re PaRCOrTAGES OF Dry, DEFATTED 
Meet 


Age Fraction I Fraction IT 
ayer 53 1s 
45 yoars 114 43 
58 yoars 141 5-4 
60 years 146 62 


The qualitative determination of uronic acid was 
made by carboxylic reaction. The monosaccharides 
were determined by their colour reactions to cysteine, 
oarbasol and sulphuric acid, as described by Dische* 








(Table 2). The content of hexosamine in the fractions 
Table 2 
Age Uronte acid Hexosamine Ketohexoss Aldohexose PAS 
Fraction I 
7 months E + be + + 
2 yours + + = = + 
45 yours + + + = + 
Oya + + * - G 
years + 
Fraction IT A 
7 months + + + af at 
2 years r + + + + 
45 yoars T + + + + 
589 years + + $ + a 
60 yours vr + + + + 
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was determined quantitatively by Blix’s’ modifloation 
of Elson and Morgan’s method after hydrolysis. 
The ive content of hexosamine determ- 


: “quantitative 
ined m fractions I and II respectively, and converted 


into 100-gm. dried, defatted tissue, is given in Table 
3. An unmistakable increase of the hexosamine 
contents with age will be observed in both fractions. 
The morease in percentage is by far the greatest 
in the fraction containing the acid muocopolysac- 
charides. 


Table 3. Huxossnors Cowrarr (MGX. FAR 100-am. DRIED, DaFaTrED 
TrssUm) 


Age Acd mucopolysacobarides Neutral mucopolysacchariies 
7 months 202 128 
2 years 358 187 
45 years 650 156 
00 years 626 176 


Hoch- eee 


the ways in which the fractions were soluble in water. 
Fraction I proved slowly soluble, forming fairly 
viscous solutions; whereas fraction II was quickly 
soluble, with a viscosity similar to that of water. 

The pre. result shows that with moreasing 
age a considerable deposit of mucoid substance 
occurs in aorta; acid mucopolysaccharides, ery 
the muooproteins, and neutral mucopolysacoharides 
forming glycoproteins similar in nature to perum 
proteins. 

The increase of acid mucopolysaccharides is greater 
than the inorease of g it bd lac ge ie oa 
plete agreement with the logical picture 

Histochemical experiments made on aortic tissue, 
concurrently with the biochemical enta, 
were found to be in agreement with the above- 
mentioned results. A big increase in the content 
of acid mucopo ides, starting even in child- 
hood, was found. The deposit of periodic acid- 
Schiff-positive substance was not distinot in the adult 
aorta until after the second decade, and then it in- 
creased gradually with the years. 


Sv. BARBTELSAN 


Department of Pharmacology, 
20 Juliane Maries Vej, 


University of ae 


1 eemura, H., J. Biochem., 88, 478 (1088). 

r poredan, B in “Nature and Structure of Collagen”, Bandall, 
> 188 (Butterworths Boleitific Publics Sea Lenton 1003), 

* cigs, $ B, Hidinger, D., and Leblond, 0. H., a Se 

* Bertelsen, By and Jensen, 0. H., Ada Peth, Mwrohol, Soend., 

s Meyer, K., and Chaffee, H., J. Biel. Chem., 188, 401 (1941). 

t Discho, Z., “Methods of Bloohem. Analysis”, $, 313 (1088). 

1 Blix, G, Ads Chem, Seend., 2, 407 (1048). 

*MoManns, J. F., and Hoch-Ligeti, O., Leb. Invasi., 1, 19 (1982). 


Organic Matrix of Tooth Enamel 


Lrrrin is known about the chemical nature of the 
organic matrix of enamel, although it presumably 
plays an essential part in the initiation and organiza- 
tion of the growth of hydroxyapatite crystals. The 
mature enamel finally resulting fram these processes 
aie Dardoe anil mek Miabi tonefald of verte- 
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brate tiasues. Other mineralized tissues, béne™ and 
dentine’, contain 15-26 per cent of persisteht organic 
matrix, at least 90 per oent of which is opllagen.= 
Mature human enamel contains only some 0°6 per 
cent of organic matter and 0-36 per cent of protéma, 
approximately half of which are soluble in acid 
decaloifying fluids’. Investigations of the composition 
of enamel proteins have been largely confined to 
insoluble residues from the demineralization of the 
mature tissue**. A recent finding, in this laboratory, 
that partly mineralized enamel from developing teeth 
in the human fostus contains approximately 20 per 
cent of material of protein character was followed 


by a preliminary investigation of its amino-acid 
composition. 


The upper central incisors were carefully removed 
. from a 38-week. old fœtus and the calcified caps, which 
consist of both enamel and dentine, were freed from 
soft tissues. The tooth caps were gently wiped with 
cotton wool, slightly moistened with saline solution, 
to remove traces of blood. The enamel was readily 
removed from the underlying dentine by gently 
chipping with a dental excavator, the procedure being 
carried out under an ophthalmic operation micro- 
scope. The enamel was thereby reduced to a white 
crystalline powder, which had a somewhat 
texture and showed evidence of prism structure 

the optical microscope, The enamel was dissolved in 


6N orio acid and the solution heated at 
100° C. for 48 hr. tó hydrolyse any ins. After 
amino-acids 


removal of the hydrochloric amd, 
were determined by a semi-micro, resin chromato- 
graphic method‘, loads to 0:8 mgm. of 
protein being transferred to 0-4om. diameter 
‘Dowex 50’ columns. 

The results, expressed as numbers of amino-acid 
residues per thoùsand total residues, are summarized 
in Table 1. No peaks were observed oorrespondmg 
to hydroxyprolme and hydroxylysme, which are 
characteristic constituente of collagen. It was 
concluded that no collagen was present and that the 
- enamel had been adequately separated from dentine. 
The composition differed markedly from ae. 

idermal ‘keratin’, elastin’, blood proteina!* and 

e insoluble proteins of mature enamel**, The 
overall composition was very characteristic and no 
similar results for encther protein have so far been 
found in the literature. Oharacteristic features are : 


Table i. Amawo-acip Oompoarriom OF DEVELOPING Huan AXD 
IWSOLUBLE PROTMIN FRON MATURE FRAME 
(Values are gren as numbers wa 
total residues) 


residues per thousand 


























Developing enamel Acid-Insotnble residue 
` | from buman fœtus from mature human enamel 
- ‘Present work ' Hess af al. (rof. 4) 
Alanine 1 20 8 111 
G 65 0 304 
Vi 30 6 33-8 
Leucine 013 419 
too Leacine 32-7 16-3 
Prolins 251 470 
Serine a5. | 75 6 
Half-cystme ' a ie 
< “ss 

Bostidine 045 90 
Ghrtamle acid - 142 - ~. TBO 

~ S 473 


I 
PET 
<i 
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(1) proline accounts for one-quarter of the total 
residues ; (2) the high ratio of glutamio to 

acid ; (8) histidine is the predominant basic amino- 

acid; (4) tyrosine greatly exceeds phenylalanine ; 

and (5) the high methionine content. 

The most complete data for the insoluble protein 
from mature enamel due to Hess ef al.‘ (Table 1) are 
in reasonable with the resulta of Battistone 
and Burnett’ but show differences from those of 
Stack*. All three analyses, however, revealed 
significant amounts of h; line which, to- 
gether with the glycine and alanme values, suggest 
that collagen is present. The cystine, serine and 
basic amino-acid values are compatible with the 
presence of an epithelial keratin, similar to that found 
in epidermis‘, in additian to collagen. The increased 
quantity of cystine found in the outiole of enamel 
may indicate that the “epithelial | of epidermal type is 

elial layer. 


proportion of amino-com- 


amino-acid composition of developing enamel differs 
remarkably from that -of the insoluble protein 
fraction from, mature enamel (Table 1). It is con- 
sidered that this difference resulta from the developi 
nak OUA one CTA DOTEE ROCE 
with the true enamel matrix, in which hydroxyapatite 
crystals are formed. The large diffarenoes in composi- 
tion suggest that the matrix accounts for @ - 
substantial proportion of the total protein of develop- 
ing enamel. Ib is not that the matrix 
protein should be unlike the keratins in composition 
since it is secreted by highly active ameloblasts,. 
whereas the epithelial keratins result from cell degen- 
eration. The decrease in protein content from 20 
per cant in fostal enamel to 0-86 per cent in the mature 
tissue, together with the change in composition, 
suggest that the matrix protein is removed either 
during maturation of enamel, after eruption of the 
teeth or during subsequent eous extraction of the 
ground enamel. Removal of organic matrix in the 
later stages of enamel development would seem to be 
consistent with, and may be essential for, the attain- 
-ment of a high degree of mineralization. This view is 
supported experimentally by the widespread finding 
that in sections of teeth decalcified with strong acids, 
structure attributable to the enamel matrix is visible 
in the earlier stages of tooth development, whereas 
mature enamel is completely dissolved. A transition 
from one stage to the other has been observed in 
continuously growing teeth!*. 
J. E. Hasrox * 
Department of Dental Science, 
Royal Oollege of Surgeons of England, 
London, W.C.2. April 5. 
* Senior Leverhulme Fellow in Biochemistry. 
by ied E (Amiomia Pree: New Tom, a out 

* Long, O., “The Blochamtst’s Handbook” (Spon, London, in the press). 
* Stack, ML V., J. Amer. Dent. Assoc., 48, 207 (1054). 

4 W. O., Lee, O. Y., and Neidig, B. A., J. Dem. Res., 38, 585 


(1958), 
G. W., J. Dent. Ras., 88, 200 (1056). 
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Starch-like Polysaccharide of 
Streptococcus pyogenes 


Many strains of Lanoefield group A streptococci 


cellular amylase’. It has been shown that amylase- 
negative starch-accumulatng strains are associated 
with acute glomerulonephritia and acute rheumatic 
fever. There is as yet no direct proof that the starch 
iteelf is more than a metaboli 

variante, but because of the possibility of its produc- 
tion + vivo its isolation and characterizati 


pH 7-4 durmg 48 hr. Thrice-washed cell i 

(about 40 gm. dry weight) were extracted for 1 hr. 
at 0° with 400 ml. perchloric acid. The final perchloric 
acid concentration used differed in different experi- 
ere, bs Sond Be mian or pone eae Tas 
Greater with 5 N acid than with 2 i ee 
ties of the products were very similar. rn Same Aah 

carefully neutral 


extract 
gr buianol and allowing to stand for two days at 0°, a 
small amount of a white precipitate appeared at the 
interface, but this did not stam with iodine and was 
therefore discarded. 
The polysaccharide was then precipitated as a 


The polysaccharide was then preqipitated from this 
solution by 
the bulk of the iodme-staining material being 
precipitated between 85 per cent and 45 per cent 
v/v acetone. The product was washed with n-butanol 
and then with acetone and ether. The 
white powder thus obtained was poorly so 
water, and solutions were best obtamed by dissolving 
in 0-3 N sodium hydroxide and only neutralizing 

It was shown by paper chromatography that the 
aaa laa eae peia hb! dapat aan 


aed an the poleeseatiarlds cochan D wae towaa sas 
hydrolysis with salivary a-amylase resulted in a 100 
per cent yield of maltose (as estimated by the method 
of Somogyi‘) and 100 per cent hydrolysis based on 
iodine stain. With a commercial sample of purified 
B-amylase, 98 per cant maltose was liberated and the 
optical density of the iodine stain’ fell to 3 per oent 
of its original value. Since the residual iodine stain 
was always of the same quality as that of the original 
- material, it seems likely that this discrepancy was due 
to partial retrogradation. The ‘blue value’? of the 
none varied from preparation to preparation a8 
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did the? yield. For example, one on of 
80 mgm. polysaccharide from 38 gm. dry weight oalls 
~had a ‘blue value’ of 0-65, and one of 200 mgm. from 
49 gm, cells bad a ‘blue value’ of 0-8. Controlled 
ion of the latter product gave fractions 
with “blue values’ of 0-87 and 0-75 respectively and 
a trace of a red-staining fraction. 
None of these fractions, however, showed any 
ee a o B-amylolygis. It therefore’ seems 
ide extractable from this culture 
2a en bok acid is of the purely straight-chain 
amylose with a range of chain-lengths from about 
40 to 60 unite. (Based on ‘blue values’ for 
linear dextrins (Whelan, W. J., to communica- 
tion).) This is confirmed by the that the product 
is completely hydrolysed when inoubated im the 
presence of excess glucose with a preparation of 
amylomaltase obtained from the same strain of 
group A streptococcus according to the method of 
Monod and Torriani’ for the amylomaltase of J. coli 
muaiile (ML). 
Although the polysaccharide isolated does not have 


to retrograde form is 
very insoluble and might be to persist for 
long periods if it was in fact ever formed in tissues. 
H. Baum 
Department of Biochemistry and Chemistry, 
Royal Free Hospital School of Medicine, 
8 Hunter Street, 
London, W.C.1. 
N. Crowrwy 
Department of Bacteriology, 
Royal Free Hogpital, 
Gray’s Inn Road, 
London, W.0.1 


1 Crowley, N., and Jevona, AL P., J. Gen, Miercbiol., 13, 226 (1965), 
s Crowkey, N., J. Gon, Miorobiol., 10, 411 (1954). 
* Crowley, XY., ut ee SE 000) 
4 ‘Bbheumstio Fover : a1 ni 
Coe kta Pr ia T $ SaVoon", a17 (Cate 
s Piri, B, J., and Whelan, W. J., J. Sei. Food Agrie., 9, 224 (1081), 
* Bomogyl, ML, J. Piol. Chem., 160, 61 (1954). 
* Baflay, J. M., and Whelan, W. J., Biookem. J., 07, 540 (1957). 
7 W. N. Af ‘ and B., J. 
Bo ac eae soey, Àn Peat, J. Chem. 
* Monod, J., and Torriani, A. IL, Ann. Ins. Pansnr, '78, 65 (1080). 


Ha reta (50) and Ubichromenol In 
pergillus fumigatus, Fresenius 


e aads of ie a a 
Cultures of the fungus were nat 80° m Roux 
bottles, each containing 200 mL Thom medium 


experiments, ponified 
in methanolic _Potassium hydroxide in the 
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Table i. THe STIMULATORY Heyeor OF LEUCINE ON THE Sywrimers oF UBIQUINONE (50) AND UBICHROMENOL OI Aspergillus Sumigetus FEER - 
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Thallus | 
Ubiquinone a ire 
mgm. 
(mgm.) mol jgm. 
werght) 
— 
117 06 0-02 
174 10 <0 02 
2-07 13 0 17 
2 00 17 0-33 
118 07 — 
12 2:3 0-20 














Thare ware three Roux bottles in each experimental group but the yields after 7 days growth are expressed per botila containmg 200 ml. 


Raulin~Thom medtam with mitlal pH = 3 8. 


* The ether extract consists mainly of substituted quinones of whioh a variable fraction is fumigatin. There were approximately 80 mgm. 


fumigatin in each bottle of control 


presense of pyrogallol, and the unsaponifiable matter 
extracted with ether. In the later work, the lpids 
were extracted directly from the thal using sostone, 
alcohol and ether in turn. The unsaponiflable 
material or the lipid extract was then chromato- 
graphed on a column of partially deactivated, acid- 
washed alumina (Brockmann Grade II) by a standard 
procedure’ for ubiquinone. i 

A pale yellow zone with the same chromatographic 
behaviour and absorption band as ubiquinone 
(Amex.272 mu in oyolohexane) was elgted from the 
column. A second chromatography on a column of 
silicio acid/‘Celite’ (2: 1 w/w) enabled ubiquinone to 
be obtained from pooled samples in crystalline form. 
It had the ueia Oe ies which sre character- 
istic of ubiquinone (50)*: 
E(1%, 1 om.) 272 mp = 168, infra-red 
identical with that of ubiquinone (50). 
analysis gave es carbon, hydrogen and 
oxygen of 81-62, 10-90 and 7-47 ively oom- 
pared with theoretical values of 82-04, 10-42 and 7-54. 
The methoxyl contents of two different samples were 
7-38 and 7-21 per cent ely, which also agree 
with the theoretical 7:19 per cent for ubiquinone 
(50) withm i error. The dry weight of 
the thallus and ubiquinone content (0-6 umol. /gm. 
dry wt.) were maximal after 7-10 days growth and 
declined thereafter 


This level of ubiquinone is comparable with that in 
animal tissues and some yeasts’. Ubiquinones from 
the latter, however, generally possess shorter iso- 
prenoid side-chains with 30-45 carbons. 

From the aqueous medium, famigatin* and another 
quinone, believed to be spinulosin (8,6-dihydroxy-4- 
methoxy 2,5-toluqumone), have been isolated. The 
formation of these, however, can A reduced or 
suppressed by adding L-leucine to the culture medium. 
At the same time, the organism is stimulated to make 
a larger amount of ubiquinone and also ite cyclic 
isomer, ubichromenol]’.' (Table 1). Ubiohromenol wae 
first isolated from animal tissues, but it can also be 
produced artificially by the adsorption of ubiquinone 
on very strong alumina’. The materal found in 
Aspergillus fumigatus is not an artefact, because 1t was 
obtained from the tissue by direct extraction with 
organic solventa.and resolved from ubiquinons by a 
chromatographic procedure known to be incapable of 
converting ubiqumone into ubichromengl.- ; +- 

The amounts of ubichromenol avaiable fronr-the 
analysis, but ite ultra-violet on, in 


spectrum in, 
ethanol and the isosbestic-pointe for the bathochromis_ 
shift with alkali are identical with those of the pure 


material isolated from human-kidney tissue. Further- 


more, both show the same Ry value on reversed- 
phase chromatography. It 1s therefore reasonable to 
assume that the ubichromenol isolated is omerico 
with ubiquinone (50). 

The table of resulta shows clearly that the reduction 
in output of free quinone from the thallus in the 
leucine-supplemented medium more than accounts . 
for the absolute morease in ubiquinone (50) and 
ubichromenol Bo the leucine ig altering the pattern 
of metaboliam of the mould in a more fundamental 
way than merely providing a readily available pool 
of isoprenoid units for the synthesis of the side-chain 
molecules which become coupled to the nucleus.- 

_ Fumigatin and ubichromenol may be related to, 


` intermediates in the biosynthesis of ubiquinone. 


Full details of this work and experments with 

40-labelled substrates will be published elsewhere. 

One of us (N. M. P.) is in receipt of a 
Industrial Regearch. 


of Scientific and etudentahip. 
N. M. Packran 
J. GLOVER 
Biochemistry ment, 
University of Liverpool. 
1 Morton, R. A. 


, B. I., Orano, F. L., and Hated, Y., J. Amer. Chom. Soe., 80, 
4751 (1088), 


* Morton, R. A., Gloor, U., Sahindler 
Joan, 


0., Wileon, G. 
A IA E 


B. 
74, 541 (1000) 


Paterson, J. Y. F., and Pennock, 
(1859). 


Bradykinin-releasing Factor from Bothrops 
jararaca venom | 

Ir was first shown by Rocha e Silva, Beraldo and 
Rosenfeld! that the venom of the snake Bothrops 
7 contains a bradykinin-releasing substance. 
Hole and Raudonat* verified that the bradykinin- 
releasing substance is precipitated with ammonium 
sulphate at the level of 60 per cent, is independent of 
the proteolytic activity on hæmoglobin and acoom- 
panies the coagulating activity. Hamberg and 
Rocha e Silva’ observed that the bradykinin-releasing 
factor is heat-resistant and that the decrease of its 


` Rotivity in presence of prolonged heating is parallel 


to that of the coagulating activity and to the fall of 
esterase activity on L-benzoylarginine methyl ester. 
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Table 1 














Kinin (8 unita/mgm.). 
OET Git: 6): 


Recently, Contzen, Holtz and Raudonat‘ found that 
the bradykinin-releasing substance is dialysable and 
ultre-filtrable, being independent of the coagulating 
factor but being accompanied by the hydrolysing 
activity on 1-benzoyl-argmine methyl ester. 

In the experiments reported here we have attempted 


} Ar doecribod by ‘Henriques 


purify the bradykinin-releasmg substance. In a first 
experiment a purified enzyme obtained from the 
venom of Bothrops jararaca, the Bothrops protease A 
(ref. 5), which is highly active on L-benxoyl-arginine 


coagulating factor, obtamed by precipitation with 


ammonium sulphates, were studied. Table 1 shows 
Da tho py KRAT I ET fastor 18 of 

A, ite activity being higher m the 
pert at has the strongest activity. 


In fact fraction 1, Suh abet 18 times as active 
as fraction 3 in ita hydrolyaing activity on 1-benzoyi- 

amide, liberated less bradykinin than frao- 
tion 2. On the other hand fraction 2, which is about 
four times as active as fraction 1 in ite coagulating 
activity, is about twice as active as fraction 1 in its 
ment a more active preparation of coagulating factor 
obtained by ammonium sulphate precipitation fol- 
lowed by electrophoresis on a starch column was 
found to be less active as a releaser of bradykinin 
than the crude venom used for the same preparation. 
It can be seen (Table 3) that the specific 
activities found were 357 and 1,000 respectively for 
the crude venom and the purified preparation, while 
the crude venom liberated 100 pgm. of bradykinin 
and the preparation 50 ugm. of bradykinin per 
100 ugm. ot protem. It was therefore concluded that 


poesibility that the bradykinin-releasing substance 




















has some amidage or esterase activity, but if so it must 
be certainly weaker than that of Bothrops protease A, 
Table 2 
G 5 mem. bradykinin released 
Fraction ete ses | per 100 agm. protem 
Grudo venom 357 100 
1,000 | 50 
Table 3 
oe 
Percentage of Amidase | sgm. bradyxmin 
Frachon saturation with specifo - released 
sulphate | activity 100 agm. protein 
1 Grade venom 27 30 
2 045 & — 
3 0-55 9 -= 
4 0 60 % — 
5 0 70 72 90 
6 0 80 208 240 
7 10 35 18 
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Table 3 shows the experiment in which attempts 
were made to purify the bradykinin-releaamg factor. 
eee eee venom and 

itating the supernatant with am- 
sash SA as previously described for Bothrops 

pease et 5). All the fractions were dialysed 
saline for 48 hr. and then tested for ita brady- 
kmin-releasing activity. The fraction precipitated at 
the level of 0-70-0-80 saturation with ammonium 


sul contamed the of the activity, bemg 
times as active as crude venom used for the 


preparation, that is, 100 ugm. of protein of crude 
venom liberated 30 pgm. of bradykinin while the 
same amount of protein from the fraction liberated 
240 pgm. _of bradykinin. The peak of activity of the 
-liberating subetance coincides with the 
peak of activity of Bothrops protease A, but as was 
shown above, the two activities are independent. 
Also in our conditions the bradykinin-releasing factor 
was not dialysable as observed by Contzen, Holtz 
and Raudonat‘. 
Oraa B. HENRIQUES 
Mova FIOHMAN 
Laboratory of Biochemistry, 
Instituto Butantan, 
C.P. 65, 880 Paulo. 


W. T. BERALDO* 
ent of Physiology, 
Faculdade de Medicina da U.S.P., 
S&io Paulo. Feb. 5. 


* Present address: Faculdade de Modicina da U.B.G., Belo 
Horlronte, Minas Gerais, 


1 Rocha e ML, Boraléo, W. T., and Rosenfeld, G., Amer. “. 
Phystol., 161 (1049). 
* Holts, P. and Raudonat, H. W., Arch, Bep. Pathol. Pharmatol., 
Tis (1986). 


* Hamberg, U., and Rocha o Silva, IL, Faperuniss, 13, 480 (1057). 
“Con 0. H., Holts, P., and Raudonat, H. W., Naiurwise., 48, 


402 (1959). 
* Henriques, 0. B patas, A. A. O., Fishman, M, Mandelbeum, 
FP. vind Hemriques. B, B., Biochem. J., 68, 697 (1958). 


ema 008 oian M and Henriques, 8. B., Biochem. J. 
(m the prem). 


AntlPneumococcus T 
of Precipitins from 
Seeds 


A cHmEMTOAL structure closely similar to type XIV 
preumococcus polysaccharide is probably the basio 
substrate used in the formation of the human A, B, 
H and Les blood group specific substances!. Studies 
of the precipitation of the varous blood 
specific substances and related materials by Riotnus 
communts seed extract suggest that the activity of 
the Ricinus precipitin is directed towards the basic 
chemical framework of the human blood group 
le that the Ricinus 


XIV Activity 
cinus communis 


were’ carried: out 40 ee 
Punified: pneumoccecal polysaccharides of type II, 
VII, Ey XU, XIV and XVII were made up as 
1/1,000. (w/v) - aqueous: solutions and tested by th 
conventional precipitation technique 
corhmunis seed extract prepared by 
Boyd: and Reguera’, clarified by filtration through 


- "Whatman No. 42 filter end sterilized by Beitz 
- Bitration. ae a a 


Pon an was pre- 
cipitated (Table 1). 





ar 











oroooo 








3, 1, demote degrees of precipitation ; tr, trace; 0, no precipitate ; 
controls, extract + saline, polysacebaride + saline. 


_ The type XIV polysaccharide was allowed to diffuse 
in .an Ouchterlony agsr-gel plate’ against Ricinus 
extract and horse anti-XIV serum. The precipitins 
present im the extract and in the serum gave s 
‘reaction of identity’* ; this means that the 
precipitin and the specifo presipitin for type XIV 
pneumococous precipitate the same substance. 
ee oe 
communis procipitin is directed towards the structural 
configuration of the type XIV pneumooocous poly- 
saccharide. Because tt was not possible to test a oom- 
Die e a Mee pa gi Rae AL ae ai 


ee eee ae 
tees ae Bou cn comena ell Sas Seared haar 
is exclusively specific for type ted, 


however, dias Gilg will proves i be 60; that 
Ricinus communis seed extract will specifically 
aggiutinate suspensions of type XIV pneumococci. 
pA OP et ey eee AN ee 
serological types of pneumococous ee 
mona OE anna ap polysaccharides. 
in obtaining all thw fri in oc tha 


Cocos. 

I am imdebted to the State of New York Depart- 
ment of Health (Division of Laboratories and Re- 
esearch), Albany, New York, for the pneumococcal 
polysaccharides and horse anti-XIV serum. 


GQ. W. G. BED 
Armed Forces Medical College, 
Poona. 


m T W., Peo ae T. J., Vos Seng..'4, N.B., 07 (1950). 
niversity of London (1958). 
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Enzymatic Synthesis of Formyiglutamic 
Acid by a Plant Protein 


Biuvammaw et al.1, working with refmed enzyme 
systems from hog liver, found indications that folinic 
acid fonctions directly only in the formylation of 
glutamate, with N-formylglutamio acid and tetra- 
hydrofolio acid as the products. This communication 
reports the oocurrence of a similar transformation in 
cell-free systema prepared from plant -tiseues. 


Ce ee ag e 


with 500 ml. of 0-03 M phosphate buffer pH 7-3. 
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The precipitate which formed durmg the reduotion ~ 
of the volume to 260 mL by pervaporation was 
removed by centrifugation and discarded. 7 gm. of 
ammonium sulphate were added per 100 ml. of the 
cell-free on (10 per oent of saturation at 
0° 0.). The precipitate was discarded. The super- 
natant received 14 gm. ammonium sulphate per 100 
mil. (20, per cent of saturation). This pisope was 
also discarded. The precipitate resulting from the 
treatment with 21 gm. ammonium sulphate per 100 
ml. solution (30 per cent of saturation) was retained 
as the orude enzyme preparation. This crude 
prodast was ended in water and di for 
ph against vol. 0-02 M phosphate buffer at 
pH 7:3. 


Each biosynthesis medium contained 8-4 mgm. of 
the refed protein fraction ; 0-2 umole each of syn- 
thetio folic acid, adenosine hosphate, magnesium. 
chloride, a cenienia and a poten- 
tial formyl group acceptor in buffer to a total volume 
of 8 ml. In addition to glutamio acid, glycine was 
used. for oo i purposes. After incubation at 
30° O. for 4 hr., 1 mL was withdrawn and added to 
1 ml. of 4 per oent perchloric acid. The resulting 
precipitate was removed and the supematant was 
allowed to stand at room temperature for 80 min. 
to allow conversion of unused folinic acid to anhydro- 
folio. The latter was determined spectrophoto- 
metrically at 360 mp. The amount of folinio acid 
by 


contaming denatured protein. This difference was 
referred to a standard curve prepared with synthetio 
folmio acid, since the optical density of anhydro- 
folic at 360 my was found to be a linear funstion of 
folmio acid concentration. The results are presented 
in Table 1. 


Table 1. 














* For composition ses text. 


Separation of the biosynthesis product from the 
mixture containing glutamate by existing methods 
resulted in the isolation of a compound which was 
bound by chromotropio acid, under conditions 
similar to those described by Frisell et al.*, and which 
reacted negatively with ninhydrin. After mild acid 
hydrolysis, the product was positive and 
formed a benzoyl derivative which melted at 135- 
187° O. (lit. for glutamic acid, 188° C.). Comparison 
indicated that the bi ot was ident- 


produ 
E of formylglutamio aeia: 
i not become ninhy 


formylation activity. ‘These reactions were reversible 
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in the absasnoe of potential formyl group acceptors 
and in the presence of formaldehyde and tetrahydro- 
folio acid. Results obtained by separate experiments 
show that glycine is converted into serine by this 
protein fraction in the presence of synthetic folmic 
acid. This is in substantial agreement with Wilkinson 
and Davies’, who reported that eer arcane Saw acid 
appears to be a requirement for serine-glycine inter 
conversion in plant tissues. Thus, , at lost bwo typos 
of formylation activity are demonstrated. by 
resulta ; one in which the amino-group of ghitamio 
acid is sooeptor and the other in which the C of 
glycine is acceptor. 

Further purification of the protein fraction ahould 
make it ible to obtain more information about 
the ities of the transformylases oocurrmg in 
Het eines ol Gan Socata ohare Goring oy 
of the possible role of formylglutamic in O-1 meta- 
bolism. ` 

This work was su in pari by a National 
Institutes of Health Grant No. 0-1552. 


z Milton, Keressteay, T Oy goal G. J. and Gardiner, 
R. Os J. Biol, Chem. 83 (108 
a 


W, Hard, Ac, and MaaKiade, G. O., J. Bia. Chem, 
’ oe are: D. D., Nature, 181, 1070 (1988). 


Crystallization of a Photosynthetic 
Reductase from a Green Plant © 


_ Wa would like to describe a method for crystal- 


parsley oving ended 
matter the clear fluid, pH 8 in 0:005 M tris buffer, 
hed on a column of Whatman anion 


tum by 0-2 M, 0-5 M and 0-8 M acetate buffers, all 

H 5:5. The brown protein then occupied nearly 
all Elution was carried out as before 
with M acetate buffer pH 5-5, 18 ml. of dark 
red-brown solution. "thin, wae hen 
half-saturated ammonium 
with 100 ml. 0-38 M ph te buffer at pH 6-7 
(2 litres total volume) overnight at 0° O. The more 
ee ae ner ee b was clarified m 
& centrifuge. The clear fluid was then treated with 
0-15 ml. 5 per cent v/v acetic acid, when a faint 
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standing at 0° O. for 


was formed, — of 

ree crystal aggregates which 

d be down, in the centrifuge to a volume 

of about 0-5 rel, ‘Ths erystel pellet was dark pinkish- 


brown, and the liquid nearly cola: Examination 


were therefore allowed to form 
che lila siahevm sove a a due poet 
otherwise identical in & ices stu be 
E Ahe rule oF Se aolatinn The 
late-like as in Fig. la andano or eee ONAA 
es ba Tis 1b. The crystallization was repested by 
dissolving the first pellet in 0-8 ml. disodium phos- 
phate (0-05 M). 1ml. saturated ammonium sulphate 
solution was then added and the solution spun. A 
et oe ee 5 per cent acetic 


acid was as before to the clear fluid. Now the 
rosettes were mainly replaced. fies formas ; 
minute elongated (102), thin plates and fine 
needles up to 150u were 0 


This investigation forms part of a programme of 
work supported by the Agricultural Research Coun- 
cil. We are very grateful to Prof. J. D. Boyd and to 
Mr. J. A. F. Fozzard for the microphotographs. 


Department of Biochemistry, 
University of Cambridge. 
1 Ban Pietro, A, and Lang, H. M., J. Biol. Chem., 831, 211 (1058). 
"Davart H- H. HIN B, and EE Proe. Ron, Soe B, 
068). De Ha J., 73, 45 P : 
Darat Wand Litt E, ide, 34408 (1006). (1930) 
* Hill, R., Symp. Soc. Hrp. Biol, 5, 223 (1951), 
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Differential Reactivity of Saliva from 
‘Tasters’ and ‘Non-Tasters’ of 
6-n-Propylthiouracil 
In a previous lication’ a difference in reac- 
tivity between and ‘non- 


A 20-min. apt sie ne ee 
wa, Sit lof mie marning w +4° O. for 
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Table 1 
‘A optical denalty A optical density Taste quali 
No. Compound eon ” effect at at moleoular oon: Taste blind | at1 5x107 Antithyroid 
2m of om- differentiator | comosntration 
roe aa 

1 | 6-Propylthtouracil + 3-75 x 10 + briter + 
a {Metta merepi + 8-75 x 10-4 + bitter + 
8 | 1-Me fi aie bei psr eres eR +- 375 x 10~ + bitter + 
$ a oarbons + 378 x 104 = paa = 
or x - - 

ô Prae K oapios- E et SA 
+ 3-75 x 10+ > bitter - 
7 - 16 x10-' _ + 
8 erred ~ 60 x10-¢ - bitter ? 
9 | Qumme _ 16 x 107+ ed bitter = 























* Bitler taste quality only from 16-82-fold or higher concentration. 


30 min. at 8,000 r.p.m. The supernatant was re-cen- 
trifuged and 1-ml. portions of % were diluted 1 : 5 with 
tris buffer to pH 7-36 at 23° O. and supplemented with ` 
6-n-propylthiouraci ; final concentration of tris and. 
6-n-propylthiouracil are 0-05 M and 3-75 x 107 M. 
Later, the rate of reaction in a sample was followed 
in a Perkin-Elmer ‘8 41000-4’ spectro- 
photomster at 17°, 27° and 37° C. in the ultra-violet 
range. The decrease in optical density was read at 
the à (maximum) between 276 and 284 mp in 8 min. 
This decrease, which is not photosensitive, indicates a 
significantly faster rate of reaction for extreme 
‘non-tasters’ than for ‘tasters’ (Fig. 1). 

The ‘A optical density 8-minute’ effect oan be 
simulated in the absence of saliva by the action of 
hydrogen peroxide on 6-n-propyithiouracil The 
decrease in optical density thus produced, however, 
increages with in ing temperature, which effect is 
the converse of that obtamed with saliva. 

The pH dependence of the reactivity (“A optical 
. density 8-minute’ effect) of saliva with 6-n-propyi- 
thiouracil is depicted in Fig. 2. 

0 08 


3 


2 


& 


è 
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A optikel density in 8 min. on a log scale, 1 = 283 ms 





10 20 30 40 (a 
Temperature (° 0.) 
1. Temperature dependence of the differential reactivity 
CK opiteal enaity 8 mtn effect) af the saliva of a ‘taster’ 
‘extrems non-taster’ toward 6-4- of from 
a of 8% sub: O and 


t resulte obtained 
of 4-7 x 107M 
respectively 





ME mf apa ee EE at nest ne a pa" 


below pH 7-2 


: The sites 2 and § on the of the curve 
Sues ee ee 
diiodo-derivatives of L-tyrosine. These thyroxine pre- 
cursors, m fact, do lower at least 4—8- or even 32-fold 
aS ete TOA ee O 
thiouracil if administered Specific- 
ally, 8 x 10> M %monoiodotyrosine and 7-5 x 10+ 
M tyrosine or 3,5-diiodotyrosine have been used as 
solvents as well as placebos in the Harris and Kalmus* 

. The actual defined 6-n-propyl- 
thiouracil threshold of the subject was a determining 
fastor of the ability of monoiodotyrosine and/or 
diiodovyroaine to increase taste acuity towards 
6-n- ouracil, (The original 6-n-propyl- 
thiouracil threshold can also be altered by simply 
raising the ture of the solution of the sub- 
stance to 40° O.) Taste acuity of tasters with a 
3-75 x 10+ M 6- | si anode threshold was 
increasod with any of the three thyroxme precursors. 

A similar increase in taste acuity towards quinine 
was produced under identical conditions. Only 
dii waa capable of lowering thresholds of 
1-5 x 10° M concentration of 6-n-propylthiouracil. 
None of the was effective at threshold 
6-0 x 10> M of 6-n-propylthiouracil, that of ‘extreme 
non-tasters’. 

Among the bitter-tasting anti-thyroid compounds 
which contain the thiocarbamide grouping, taste- 
blind differentiators other than 6-n-propylthiouracil 
also exhibit the ‘A optical density 8-mmute’ effect. 
This effect alone, however, does not convey the 
quality of a taste-blind differentiator to a 
of the thiocarbamide type. Oompounds No. 5 and 6 
in Table 1 exemplify our contention. Another more 
tentative conclusion can be drawn from Fig. 1 in the 
light of additional (unpublished) resulte: anti- 
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thyroid compounds of the thiocarbamide type with 
no taste-blind differentiating , such ag creati- 
nine (synthesized via create (Org. Synthesis, 4,15; 
1925) ; such a creatinine is free of picric acid, which 
is present in commercially availa le preparations. 
No Lis acacia cop asi gubstituted 


E aes Ne 1, fais 
Biochemical, genetic, pathophysiological and psy- 
DEE D ee ee T 
and its precursors m the meohaniam of 
‘taste-blindness’ are under study and nll Se 
published elsewhere. 
assistance of Edwin L. Mead. The active interest 
suggestions of Drs. B. Pasamanick and 


thankfully acknowledged. 

special thanks are due to Dr. 8. Dinitx, Ree a ae 

first subject whose saliva elicited the ‘A optical 

deny 8-mmute' effect, and to Drs. E. C. Kornfeld, 

R. G. Jones and W. R. Kirtley, from the Eli Lilly and 

Co., PES Sa aen Papbues ee 
the imidazole derivatives 

The work was by the State of Ohio 

of Hygiene and the U.S. Public 

Health Service, National Institutes of Health, 


lumbus 10, Ohio. March 1 


ak 950). 


Griffin, F., Bspertentia, 
* Pataki, L, Fie d E "and Bors, J., a PRAIM. Acad, Soi. 


* Harris, H., and Kabnus, H., Aen. Nupen. (London), 18, 24 (1049). 


` Flight by Man-Power 

Bama interested in the pomibility of flight by 
man-power, we have read Dr. D. R. Wilkie’s com- 
munication! on the ‘Work Output of Animals: 
Flight by Birds and by Man-power”’. 

Woe agree? that for mechanical similarity 

requirement is a function of (weight)'-4*". Moreover, 
i for fiving asots and birda’ we obiamed Dorm Pittter’s 
date a different exponent for this statistical relation- 
ship, namely (weight)*“"’. It is interesting to note 

that according to the theory Lae hasan seincaer it 
the limits for these exponenta of body-weight are 1-167 
for mechanical similarity, and 0-667 for the electro- 
dynamical similarity, whereas for biological similari- 
ties, power is @ statistioal function of (weight)™7?. 


power requirement 
is proportional to (weight)'-1*" ; 
ship was obtained by Nonweiler ei ba De. 
Wilkie’s paper) based on, aerodynamic oon- 


energy. 
etc.), is a fonction of (weight)"". The slope of this 
theoretical relationship (ine Æ of Fig. 1 in Dr. 
Wilkie’s paper) intersects line O of the same graph, 
which represents the steady-state maximal effart that 
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man is able to perform in oxygen balanoe for at least 
5-30 mm. 

The theory of biological stmularities* states that all 
power functions of living bei are related to 
poe and since it was found" that flymg 

birds have mean power requirements 
which kas a statistical function of (weight)***, we 


presume that this represents the optimal conditions 
of natural flight which man should try to achieve 


during artificial flight. 
Furthermore, from the experimental date of 
Bjerknes and of Müllenhoff, we have caloulated’, by 


extrapolation from the ion equation based on 
data for a weight range from the fly to the stork, 
that a man-powered flying machine (70 kgm. man 
and 80 kgm. flight-acceasories) should have approxi- 
mately the folowing characteristios for slow flapping 
flight: (a) flight surface, 6 m."; (b) pressure, 16:8 
eee (0) speed, 18-2 m./sec.; (d) power, 

6 kgm.-m./sec.; (e) force of the wing-beat, 19-8 
kgm.-weight ; (f) speed of the wing tip, 5-8 m./se0. ; 
(g) length of the wimg, 3:15 m.; (A) wing-beats per 
second, 0-592/se0. 

_Another aspect of the same problem is related to the 
of birds and men. In order to have 


ying approximately 
game density of those of insects and birds, so that 
the aerodynamics of the whole machinery should be 
similar to the natural models. The transfer of 
muscular power to the wings and the sensory informa- 
tion of the actual flight conditions must be based on 
the flight-physiology of insects and birds, sinoe the 
reflex regulation of flight is of paramount i 68. 
We agree with Dr. Wilkie in the sense man- 
is possible and should be tested experi- 
new hypotheses and materials 
(both malala aid pikari] ase avadlable: which ean 
Po eee Se ee eae Seen POES 
involved. 


E. GUERRA 
B. GÜNTHER 
de Cienciaa, 
Universidad de Chile, 
Casilla 180-V, 
Valparaíso, Chile. 


1 Nature, 188, 1515 (1950). 
1 Guerra, H, and Gtinther, B., Ada Physiologica Letincamancens, 5, 


- 160°(10b5). 
Ginther, Bu, and Guerra, N., Acta Physiologica Latinoamertoana, 7, 


Effect of Nitrate lon on the Distribution of 
Sucrose In the Rat’s Ventricle 


Cunsmnt work in this laboratory shows that the 
exposure of driven rat ventricle to Looke’s 
solutions, in which all the chloride has been substi- 


tion of sucrose. The resulta presented below show 
that this cannot be done in the case of nitrate, and 
reveal an interesting feature of the action of this 
anion, which may be thet of increasing the permes- 
bility of cardiac. tissue to a molecular species not 
ordinarily considered aa being able to traverse the cell 
membrane. 
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Table 1. WATER OOFTEFT imp Suczosm SPACE De DRITEN VARTRICLE extracellular phage'.* in the case of chloride. On that 

cabs £ basis, the yed exponential phase may represent- 
either the rate of adsorption of sucrose by some 
structural barrier or, more probebly, ite alow peme- 
tration into the cell, which can be shown by extre- 
polation to begin very early in the process of sucrose: 
ey eee Treating all the phases, on. 














“B61 (7) T7 22 23 £0 43 A ' 

$ 7 23-00 3791 A val ii ane for the three ie 

: owing ues were o or 

1 77 30-88 41 08 

$8 n 3 990 48 o oe constants : 

3 . b Emin. Ez, 

ely a Bee az ta a ca 0-0268 0 
HO, 0-682 0-0643 0-0118 
WO,/0l 2-70 2 25 2-50 


- Not only is the velocity of the several processes. 

The preperation of the tiasue*, the composition of greater in nitrate than in chloride but, in addition, 

the anionioally substituted Looke’s solution’, and the the apparent volume of distribution of sucrose is 
*4 have all been described also increased by this anion, becoming commensurate 

Previously. In the present experiments the electric- with that of total tissue water in about 5 hr. 

ally driven ventricle strips were maintained at This work was carried out under contract. 225(22) 


87° C. in either chloride- or nitrate-reference solutions (22) 
a oda up to 9 hr. in the former oase and 5 hr. Pace wie Ones Novel Seay R 


latter. Both types of solution contained 8. T. Taxwra 

Badea ih & collet tration of 800 maata 100 ml The O. G. ALEXANDER 
ventriale strips were removed fram the muscle beths G. A. Framer 
at the time intervals indicated in Table 1, dried and Department of Physiology, 
analysed for sucrose by the method of Ross and Stanford University School of Medicine, 
Mokotaff*. Since nitrate was found to interfere with Stanford, California. 
the oolorimetric determination of sucrose it was , rere Thienes, 0. H P. B. 
necessary to eliminate this anion by passing the vA te Oe Stanton Men’ Balk 10 FT J; 
solution an anion exchange ream, ‘Duolite , * Feige, G. A., Devor, D., and Thomson, O., Yature, 178, 688 (1064). 
A-10LD’. wet and dry weights were recorded  * Felgen, G. A., Sathertan Be Biana Re Oo E. SRE 
to determine water content. . 

The results presented in Table 1 show a amall but o At DUT De Sat Takets, BT, Selene, 188, 1486 


signifloant increase in the wet weights of the nitrate- + Rom, i or E EA pricy cane (1981), 

iis ee i Aora g Te Likes e n ' Barclay, J, ann H. J., and Houghton, H., J. Phyviol., 149, 
course of sucrose distribution in the two classes of * Hereus, V. MoDowall, B. J. B., and Mendel, D., J. Physiol., 
muscle. It is evident from Fig. 1 that the time- ise, 177” 05s). 

course of sucrose distribution can be separated, as has 

been done by Creese*, into several kinetic components : j 

an early leh phase, 1, an early exponential phase, An Unidentified Pharmacologically Active 


2, and a late exponential phase, 3. It is risky, of Substance extracted from Cerebral 
course, to reify kinetics into anatomical compartments, Hemispheres 
bat it is significant that the early exponential Wans estimating the 5- 


becomes asymptotic to a line parallel to the X-axis bearved 

which cute the Y-axis at roughly the value of the wnt ofr iy Shera tat apoie 
presence of atropine and 2-bromo-lywergic acid 
diethylamide (BOL-148, 10 gm.fml.). Differens 
parts of the rat brain were then seperately extracted 
and examined, and by far the largest proportion of 
the active material was found im the cerebral hemi- 
spheres. Similar results were obtained when extracta 
of different areas of other mammalian brains were 
tested. A study was therefore made of the properties 


the isolated atropmised rat uterus after a latent 
period of about 45 sec. and continues to moreaso its 
tone over the next 5min. The threshold dose for this 
effect is, in terms of fresh cerebral hemisphere, about 
50 mgm. for the rat and rabbit and about 100 mgm. 
- for the dog. In slightly higher doses, smooth-muscle- ' 
piona substance also stimulates the isolated 
atropi rat fandus, rat colon and rat duodenum. 

Is produces a contraction of the isolated guinea 
ieum in the presence of atropine, mepyramine = 
nena ae sen ae = 

far is the it ich is stimulated 
F 1. Me aie oore of meroa an extract of only 20 mgm. of the rat, rabbit or dog 
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cerebral hemisphere. On the blood pressure of the 
cat or rabbit, smooth-musole-stimulating substance 
ORE A aa P DE E e 


atropine and , yot it is preæor on the 


‘hemispheres 

(1-20 vol.) and with trichloracetio acid (2 vol. of 
10 cent) but nob with saline contaming 0-1 N 
Eriola aud. Extracts prepared in this way 
retain activity for more than 1 month if mam- 
tained at 0° O. at neutral or acid pH values ; but the 


trypsin. On paper chromatograms, 

material has an Ry value of 0:80 in a sodium 
solvent Poe a ee A 
the origin in solvents of butanol-acetio acid, tso- 


propsnol-ammonia, 
cent v/v). With 


Pauly’s reagent, 
Ehrlich’s reagent, the active 


ydroxytryptamine (actions blocked by BOL—148), 
ecetylcholine (blocked by apy bradykinin (insol- 
uble in acetone)’, substance P (inactivated by chymo- 
trypein)*, irin (active on rat ae y-aminobutyric 
acid (inactive on rabbit duodenum)‘, y-aminobutyryl 
choline (blocked by atropine)’, nasal mucoses factor 


ee ee ee Phystol. Sal. 
"Amta Wd Crawford, T. B. B., and Gaddum, J. H., J. Physiol., 
605 (1054). 

* Ambache, es J. Physiol., 188, 114 (1057). 

Kora, E Ya KAT, Shimisn, T., and Sell, B. 
dei 133 338 (1068), Bail, 8. 1, 

ron 0 Os and Msn. Brit. J. Pharmacol., 18, 113 (1088). 

| COromland, J., J. Pharm. Phermeasol., 18, 1 (1000). 


Production of Muscular Weakness in Rats 
by a Creatine Analogue 


Ix an effort to clarify the role of abnormal creatine 
metabolism in producing muscular dystrophy a 
search for an antimetabolite to creatine has been 
made. If a specific defect in either the synthesis or 
utilization of creatine oould be produced by an 
antimetabolite, it would then be possible to aasees 
the change in musole structure and metaboliam which 
results from impaired creatine metabolism. 

One analogue of creatine which has been tested is 

-guanidinopropionic acid (alacreatine). A 
group of 10 weanling Sprague-Dawley rata of both 
sexes was fed a purifled diet contaming 18 per cent 
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casein, 74-4 per cent sucrose, 3 per cent hydrogenated 
vegetable fat, 3 per cant cod liver oil, and the usual 
salts and vitamins and supplemented with 3 per cent 
alacreatine. While receiving this diet during a 6-week 
period the rata gradually became quite weak in 

comperison with control animals receiving only the 
purified diet. The type of weakness seen in the rats 
receiving alacreatine resembled that seen in rabbite 
suffering from nutritional muscular dystrophy result- 

ing from vitamin E deficiency. When placed on their 
side they had difficulty in righting themselves, perticu- 
larly after exercise. 

The finding of severe muscular weakneæ in animals 
fed an analogue of creatine strongly suggesta that the 

is a metabolic antagonist to creatine and 

that weakness of muscular dystrophy is the result 
of the abnormal creatine metaboliam of that disease. 
Study of the enzymes of creatine 
amidmase 


tine should readily demonstrate a sposifio defect i 
creatine metabolism if one is present. This work 
and experiments to determine the influence of creatine 
feeding on the syndrome are now in progress 

This tnveatigatdan gas eunboried be Taena 
No. A-8615, National Institutes of Health. 


School of Medicine, 
Little 


1 Bengeladarf, L Bu J. Amer. Chem. Bos., 7%, 3188 (1953). 


pama to Liver induced by 


DL-Methionine-Ethylester 
Paer: et al. bave observed that 


isoleucine- and phenylalanine-methylester and sup- 
posed that the amino-acid-ester takes pert in protein 
synthesis after the acyl-activation and with its bound 


carboxyl stops peptide production’. According 
to this esis the amimo-group of the esterified 
amino-acid is more reactive than the natural one, 


therefore tho activated amino-acid reacts 
with the ester. Although im the above-mentioned 


frig a E C Gee ee, 

On the besis of the above we supposed that Dr- 
methionine-ethylester is a methionine antagonist 
causing liver injury, which then could be inhibited 


Alii tae af oth parca weighicie V 
used in the experiments. They were fed a normal 
diet during the experimental period and were divided 
in three groups. 7 rata (Group I) were given 0-34 
m.mole methionine; 16 rate (Group II) 0-24 m.mole 
dimethionine-ethylester and 7 rats (Group IL) 
0-34 mmole methionine +0+24 m.mole dimethionine- 
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ethylester daily for 17 days, intraperitoneally. The 
dimethioning-ethylester was always admumistered 
after neutralization. Six rates from Group I died 
spontaneously between the fifth and the seventeenth 
day; in the other groups no death occurred. On 
the eighteenth day the rate were killed by decapita- 
tion, the liver was immediately removed, weighed 
and worked up histologically. 

All the animals in group II had enlarged livers ; 
in Groups I and IIT the livers were of normal size 
(Table 1). 


Table 1 

















Histological examination revealed that in Group IL 
only one liver wag normal; the others ahowed peren- 
chymatous degeneration combined with perilobular 





structure. Hæmatorylin- 


Fig. 1. Liver from group L N 
eosin (x 200) 


stain. 
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. Mg 3. Laver from group IIL, Mikdly swollen Irver banlks. 
fatty infiltration of various grades. Among the seven 
rate of Group DI five had normal livers, and two 
showed mild fatty infiltration (Figs. 1, 2 and 8). 

It is therefore concluded that domethionine-ethyl- 
ester induces enlargement and pathological changes 
in the liver. The enlargement is presumably due to 
an increase in fat and water contents, while the 
injury iteelf depends on the mdividually different 
activity of the non-specific esterase. In this way 
various quantities of dimethionine-ethylester werp 
destroyed, resulting in injury of varying gravity. 
This assumption, however, will have to be supported 
by further investigations. 


I. Farts 
F. V. Baxuacmozr 
K. Bzaray 
T. KExáNY 
Institute of Pathophysiology, ° 
University Medical School, 
Budapest. 


1 Peri, G. O., Kaplan, L., and Stock, O. O., Wature, 183, 116 (1050). 
* Horvath, L, Bajuas, 8., and Szentirmai, A, Nature, 183, 477 (1950), 


Effect of Some Aromatic AL erat a 
on the Pha Ic Activity of the Reticulo- 
Endothellal System 

Ir has been reported previously that wstrogens 
stimulate the reticulo-endothelial macrophages in 
the spleen, lrver and lymph nodes and lead to mobil- 
ization of the macrophages into the blood-stream and 
thus probably to an increase in the general defence 
of the body agamst infection and perhaps new 
growths ; and that these resulta suggested the desir- 
ability of finding a substance which possesses a still 
more powerful stimulating effect on the raticulo- 
endothelial system without the ill effects of estrogens‘. 
Since then, the effects of various stilbenes, steroids, 
aliphatic hydrocarbons, antibiotics and sulphon- 
amides on the phagocytic activity of the reticulo- 
endothelial system have been investigated -and 

+., So far, the strongest stimulants of 
phagocytic activity are also strongly @etrogenio and 
it would appear that the configuration of the molecule 
which confers estrogenic activity is also essential for 
retioulo-endothelial stimulation. Many other ocom- 
pounds are therefore being examined in the hope that 
the results may throw more light on the nature of the 
atiroulative factor. 


noazas July 30, 1960 


The is & report on the 
effect of four aromatic hydroxy compounds on the 
phagocytic activity of the reticulo-end i 
system. 


Thirty male white mico (T.O. Swiss strain) of 
20-27 gm. body-weight were used in these experiments. 
Five animals were used to test each substance, each 
animal receiving one subcutaneous dose of 0-5 mgm. 
of the compound in 0-05 ml. arachis oil daily for 6 
days. On the eighth dey the phagocytic activity was 
measured by the rate of disappearance of a known 
amount of i carbon from the cir- 
culating blood’, the procedure used being aa follows. 
Each animal was given one intravenous injection of 
carbon of particle sixe 250 A., the dose of the carbon 
being calculated on the basis of 16 mgm. per 100 gm. 
body-weight. Blood was then taken, at short intervals 
during the first 60 min. following the injection, and 
the concentration of the carbon in each blood sample 


phagocytio 
En $e 


Ten of the animals were used as controls and 
received 0-05 ml. arachis oil once daily for 6 days. 
The phagocytic activity was then measured on the 
AERE day by ths cation amend laed td EDn, 
@he arachis oil controls showed a phagocytic index 
or E value of 18 + 2-4. 


Table 1. Hrvacr oF Sox Aromatic HYDROXY COMPOUNDS ON THE 
PHAGOOYTIO ACTIVITY OF THE RÆPIOULO-EWDOTHELLAL BYRTEM 








The results are shown in Table 1. Compared with 
the control values, it-can be seen that the four com- 
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Production of Tumours In Rattus 
(Mastomys) natalensis by Polyoma Virus 
Rattus (Mastomys) natalensis, the multi-mammate 

mouse, is an African rodent intermediate in aize 
between the rat and the mouse. These animals have 
been used in microbiological studies because they are 


highly susceptible to imfection by bacilli, 
Schistosoma mansoni’, and Borrelia duttonii’, They 
have been, used in cancer research i 


following Oettle’s report of æ high incidence of 
coer adenocarcinoma of the stomach m a 
astomys colony in Johannesburg, South Africa‘. 


The strain of polyoma virus used was isolated 
originally from a filtrate of an extract of a murine 
parotid gland tumour, and the details of the deriva- 
tion of this strain have been reported by Dawe and 
his associsteg". i ially 


passage pools were used to moculate 
the Maxomys. Tissue culture medium composed of 
20 per cent autoclaved fatless milk and 80 per oent 
mixture 199 was used to inoculate control animals. 
New-born Mastomys, less than 12 hr. old, were 
inoculated on the back with 0:05- 
0-10 ml. of virus pool or control tissue culture medium. 
The size of the litters, type of inocula and number of 
animals studied at autopsy are presented in Table 1. 
Six months after inoculation, 24 of the 30 animals 
that had received virus were dead ; however, because 
of cannibeliam, it was not ible to autopsy 7 of 
these. Tanoa wore found m Té of iha 17 antal 
that were. autopsied. As shown in Table 2, 18 
M had tumours in the kidneys, 4 had tumours 
in the liver, 2 had tumours in the heart and 3 had 
tumours in the subcutaneous tissues. None of the 
animals inoculated with control tissue culture medium 
has died 6 months after inoculation and no tumours 
have been observed or palpated im these animals. 
The tumours of the kidneys varied on gross 
examination from small nodules 0-2-0°3 cm in 
diameter to masses measurmg 3-5 cm. in greatest 
i were frequently multi-focal and 
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dimension, and they were 
“bileéeral. Histologically, they were composed of 


ovoid and elongated cells which were sometimes 


Table 1. NEW-BORN Maomp: DFOOULATED WITH PoLYowa VIRUS 




















arranged in interlacing bundles, and all were diagnosed 
as sarcomas. The nuclei of the tumour cells were 
pleomorphic and hyperchromatic, and frequently 
there was clumping of chromatin along the nuclear 
membranes with central clear areas in the nuclei. 
Similar nuclear have been observed in cells 
of the P388D1 strain in tissue culture after infection 


SY ee ee ae 
The the livers of 3 of the animals 

(Nos. 10, 12, 18, Teble 2) wero aigiaenatoun 1 type 

similar to those described in the livers of Syrian 


tumours. 
In the liver of one Mastomys (No. 15, Table 2), a 
white nodule 0:3 centimetre in diameter was noted 
groesly on the oub surface of tho median lobe just 
benedth the ca’ Histologically, this was com- 
Pe ele ty shaped ductlike sirastarse Inod 

columnar cells with pleomorphic iA paler 
nuclei and amphophilio The tumour was 


not encapsulated, and appeared to invade adjacent 
ani It was diagnosed as an adeno- 


liver 
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carcinoma, and we believe that it probably originsted 
ae ch ee Se ee Peet 


with polyoma virus. Proliferation of bile duote, 
however, has been described in the livers of Mastomys 
infected wrth Schistosoma mansoni®. The relati 

of this tumour to the inoculation of polyoma virus is 
therefore not clear at present. 


appro: greatest 

wie found Panik the adrad in oF the Dae 
ventricle adjacent to the pulmonic valve, and the 
other in the wall of the right atrium. Histologically, 
they were of fusiform and oval cells, and 
resembled the sarcomas found in the hearts of Syrian 
hamsters inoculated with polyoma virus’. The 


virus in 


No. 11 (Table 2) was frozen at — 20°. Is was later 
thawed and a 20 per cant suspension of tumour tissue 
was made in tissue culture medium (20 per cent suto- 
claved fatless milk and 80 per cent mixture No. 199). 
Oultures of milk-adapted P388D1 cells were moculated 
ee DBO ah ae Se Ot ee ae ede eee 
sion. In one of two moculated tubes, e ie 
Paal often AE to ligh aren io IN oa lai 

with polyoma virus was observed after 21 days. 


died within 30 days. aaier eena ca oll aa 
multiple tumours similar to thoge previously described 
im hamsters moculated at birth with polyoma virus’. 

Although spontaneous tumours have bean described 
in Mastomys, they have rarely been found in animals 
younger than one year of age, and they differ from 
the sarcomas of the kidneys and heart, and angioma- 
tous tumours of the liver found’ im the animals 
inoculated with polyoma virus‘. With the possible 
exception of the adenocarcinoma of the liver in one 
of our Mastomys, it therefore seems unlikely that-the 
tumours we have observed are and we 
believe that they are related to the inoculation of the 
polyoma virus. The mechanism by which the virus’ 
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produces tumours, however, remains completely 
obscure at present. 

Since some difference of opinion exists-whether to 
group the Mastomys taxonomically with the rat 
(genus Rattus Fischer) or with the mouse (genus 
Mus L.), the response of Masiomys to polyoma 
virus is of interest. The renal sarcomas produced by 
polyoma virus in Mastomys are grosaly and histologio- 
ally similar to tumours produced by polyoma virus 
in the kidneys of rate and mice’. The sarcomas m the 
heart, however, have not bean described in either rata 
ot mice, but are very frequently produced by polyoma 
virus in the Syrian hamster’. Thus far, no parotid 
gland tumours or thymic tumours similar to those 
produced by polyoma virus m mice have been found 
in the Mastomys. It should be noted, however, that 
the virus pools we have used show very little oncogenic 
activity m mice, although they readily produce 
tumours in Syrian hamsters. 

Additional studies of Mastomys moculated with 
varying doses and different strains of polyoma virus 
are now in progress in our laboratory and will be 
reported in detail later. * 


ALAN 8. Ranson 
Wri J. BRANIGAN 
Franoe Y. LEGALLAIB 


Laboratory of Pathology, 
National Cancer Institute, 


Bethesda, 
° Maryland. 
Devis D. H. 8., and Oettle, A. G., Proe. Sool. Soo. Lomd., 133., 268 


de Meillon, B- anid Laser, sae Unio Int. conire 
- ls » 15, 200 (1059). 


i Bady, B. R B, ind, Stanton, M. P., Acia Unto Int. 
ome law he W, gad Dram iia F aUn fads tc 
Pai Hy Tataia, 7. Y., Proc, Soe, Eep. hol. Med., 
veal bo pusk, , and Kusohstein, R. L., Amer. Med. Assoc. Arch. Path. 


1d a ae EL, Young, R., and Wider, G. B., J. Nat. 
Ims, 90, 747 (1058). 


Hæmodynamic Aspects of Atherogenesis 


pereit ie peci- 
ally with repect to lipoproteins. However, careful 
examination of the artery at autopsy shows that 
Plaques are scattered all along an arterial branch. 
An artery of considerable length uniformly and con- 
centrically coated with lipid material without 
localized regions of sclerosis seams to be quite rare. 
a e tt plaques are in the majority of the 

& peculiar pattern. Such deposition 
Of lipid. mintariais andl tha kopegrachinal amaraemart 
of plaques cannot be explained readily by general 
motebolic factors alane. ikos a rathod of Guantita- 
ge oa tpg EE a Te 
m order to distinguish the role of the lic 
factors and local factors. This ique has been 
applied to a study of the interrelationship between 
cerebral and coronary atherosclerosis*. By quantita- 
tive grading of sclerosis and analysis of 
the coronary artery for relative position and severity 
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Table 1. Erreoct or BAND IN aw ARTERY ON ATHEROGENESIS 





4754142 
59-8 +118 
54904187 
4844154 
4274104 
3294143 








J, Area of intamal material; Æ, total area of arteral wall; I/F, 
theroecierosis units. 
* Standard deviation of distnbution. 


of plaques one is able to demonstrate the significance 
of local factors in atherogenesis. 

Table 1 shows the effect of the bend in the anterior 
descending branch of the left coronary artery. 
Before reaching the bend, sclerosis was measured as 
47-5 IJE unite; for the bend t was 59-8, 54-9 IJE - 
unite ; ee U Doa a 
42-7, 32 -9 IJE units. The higher value at the bend in 
the artery shows that this region is more susceptible 
to deposition. 


(2) 





of rabbit aorta. 
(x 8) 


atherosclerosis 
ip fore ae Oe 
t, as Indioated by arrow. 


or erperhoontal 
sob atthe T of tie plan 


blood from left to mght, as 


The plaques along an any artery are not randomly 
j as has been reported in the literature. 
They seem to be located at certam particular sites 
such as bifurcations. Fig. 1 shows a typical early 
pan of atherosclerosis which was formed at the 
ching point of an aorte from a rabbit given 
cholesterol in rte feed. Fig. 2 shows another aorta 


ching point of an artery. In both 
photographs it is evident that plaques are formed at 
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precisely the same location with to flow. All these resulta seemed to be sufficiently promising 
Theoretical and a full treatment of this particular to justify searchmg for anti-neoplastio substances 
cere will be published elsewhere. among the derivatives of 1,3-oxaxine. Simpler 

Wai Youne compounds, derivatives of 5-nitrotetrahydro-1,8- 
Donu Laboratory of Medical Phymos, i oxazines (I) and 6-methyl-6-phenyltetrahydro-1,3- 

~Department of Physica, - oxarine (Ll) proved to be fairly efficient sn virot. 
and 
Lawrence Radiation Laboratory, o c o 


Ceres ilies eile Sek co te 
OE e: Ny dom omm, de 


‘Young, W., UORL 8705, 48 (1089). N 
‘ ' Youn W. V, Gofman, 3- W ganni, By Malanna, X. ., and Waters, ou ‘of, of, 
Anti-neoplastic Activity of Tetrahydro- Ri = OH, RY = OH,, T 308 (ref. 4) T 446 (ref. 7) 
,-oxazine Derivatives EY = Oy = OH, T 401 (ref. 4) 
B= OH,, R’ = T 418 (ref, A). 
Ir has been demonstrated that bens-1,3-oxasine = O, B= OH, T 364 (ref. 


derivatives inhibit the growth of Crocker sarcoma in 

mice’. This was partly confirmed by F. Bergel, at Their activity against the solid form of Ehrlich 

the Chester Beatty Research Institute, London ascites carcinoma is shown in Table 1 and solid form 

(private communication). of anrytal ascites sarcoma in mice in Table 2. 
Further confirmation of the anti-neoplastic activity It is believed that the active OH, group in, position 

of bens-1,3-oxazine derivatives was obtained by the 2 is responsible for the anti-neoplastic activity of 

_ Miyamura test, in virot. Similarresulta were obtained 1,8-oxaxine derivatives. 

De eave bel: De, Neste ou eave oy Further experiments will be carried out with a 

number of the compounds (I) to elucidate the influence 


Table 1. Isnisrmow OF HHRLICH Ascrrm CARCINOMA 














Oode No. of No. of mice | Dally dose of substance | Average tumour weight Tumour inhibition 
substanos | Mouse stram | “yy group (mgm_/monse) (am) wie mt , (per oent)t 
A 12 0 24 0 70 023 
T 364 10 12 13 0 82 016 458 
RII 12 0 2-7 0 79 on 
10 12 13 0-04 0 #9 -ms | 
A 12 6 Qa 0-79 0 28 
T 3038 10 12 08 0 56 0 18 06:7 
RIO 12 0 26 0-70 0-23 
10 12 08 0-61 0-16 00 2 
A 12 0 1:8 0-50 0-14 
T 418 10 12 0d 0 87 0-18 80-0 
RO 12 it) 15 0 87 0-16 
10 12 0:8 0-22 0-07 66 7 
T 446 ROI 12 0 11 0 47 0-138 
10 12 06 0 32 0-10 454 














(See footnotes to Table 2). 


Table 2. INHIBITION OF AMYTAL AscITms BAROOMA 

































































Daily dose of substance | Average tumour weight o +p 'mt e Tumour mbfmtion 
(mgm./mouse) (gm.) (per cent)t 
0 23 0 45 013 
12 10 0-89, 0'12 8646 
0 1-8 0 71 0-20 
12 08 041 013 55% 
0 17 077 0 2 
12 0:7 0-26 0-038 58 8 
0 1-5 0:50 0 14 
12 08 0 35 0 467 
0 1:5 0 50 
12 Ot O17 60 0 
0 18 oH z 
12 0-7 Om 610 
0 17 0 66 
12 07 0 39 é 68 8 
R 
Iis- s? 4 ta = Ie = -y 








t Oaloulated according to the formula . jt 100 = percentage inhibition. P, average tumour weight in control group; M, aver- 
age weight m treated group. : 7 
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of various substituents on ‘their anti-neoplastic 


T. Uspaweet 
D. QGÜENA 
8. Srorax 
H. MospsnsKa 
M. MORDARSKI 
Organic Chemical Laboratories, 
and 
Institute of Immunology and 
Experimental Therapy, 
Polish Academy of Sciences. 
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BIOLOGY 
Fungltoxicity of Metal lons 


tivity*. 
toxicity of metal ions is determined by their ability 
to- form un-ionized complexes with ianogenic group- 
ings at the cell surface, and they have taken 
electronegativity values of the metals as a measure 
of the tightness of covalent binding to these groups. 
The application of this hypothesis to the toxicity of 
a number of metal salts to fungal conidia‘ has recently 
been, questioned by Miller*. In his examination of 
my experimental resulte, Miller has arbitrarily dis- 
rogardod tho toxicities of metals los toxio than rino 
by terming them “basically not torio to fungus 
conidia” although they all poesees messurpble Æ D50 
values. It was, of course, precisely to show that the 
same toxic mechanism may apply to a wide range 
of metal ions that these leas toxic metals were 
examined. 


ee ee ee 


of the relative toxicity of protectant fungicides. 
x a ee a ee 
the concentration of toxicant at cell receptor sites can 
be determined. For some years, MoCallan and Miller’ 
have advocated thé ratio of the weight of fungicide 
acoumulated by the fungal spores at the BD50 to 
tho weight of spores as & measure of ‘innate’ toxicity. 
Although their ratio of ugm. toxicant/gm. spore 
weight is a most valuable measure of fungicidal 
activity and of the uptake of fungicides by spores’, 
this weight ratio cannot be regarded as fundamentally 
related to absolute toxicity until much more informa- 
tion on the mode of action of fungicides and their 
possible detoxication by the cell is available. 
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The value of the electronegativity hypothesis may 
best be shown by an examination of the results of 
some recent experiments in which the fungitoxicity 
of twenty-two metal cations to conidia of Botrytis 
Jabas Sardiña has been determmed. The median 
effective doses (2D50) of unbuffered solutions of 
nitrates of potassium, sodium, barium (#D50 extra- 
polated), strontiam, lithium, calcium, 


conidia gave 98-100 per cent germination after 18 hr. 
incubation at 25° in distilled water, so that a spore 
stimulant was not required. In Fig. 1 logarithms of 
ee ee eee 
the electronogstivities of the metals ag calculated by 
Pauling’* and Halssinaky*. calculated 
by Pauling’s method or the whole 
Periodic Table, including values for some of the differ- 
ent valence states of the transition elements. Although 
electronegativities are not ae their nature quantities 
which can be defined preo modern work has 
Ped Conta onal a 
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Fig. 1. Graph of toxicity of metal cations to B. fadas against 
. electronegatrvity of the metal 


Daniell and Davies‘ have shown, that the values of 
Jones for the toxicities of various cations to the 
planarian, Polycelis nigra, fit an exponential relation- 
ghip of the form : 

log [Me] = a — yexp(— 0:25") 
where [Mt] is the concentration of the metal cation ` 
of valency ¢ in the bulk phase which gives the standard ` 
toxicity, æ is the difference between the electronega- ` 
tivity of the metal and that of oxygen, and « and y 
are constants. ee ae ie 1, log [Me] 
was plotted against exp(— 0-252") and the ion. 
line a = 1:72 (B.E. 0-59) and 
y = 18-98 (8.E., 1-48). These values of a and y were 
used +o plot the curve in Fig. 1 which, in spite of the 
anomalous position of yttrium, may be considered to 
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give a good fit to the experimental results. In view 
of the very different organism tested and the different 
electronegativities used, the values of « and y are in 
reasonable with those given by Danielli 
and Davies, namely, 0-95 and 9-28. 

These results certainly suggest that there is a 
common, nan-specific, toxic action for most metal 
cations which can be related to their strength of 
covalent binding to the surface ionogenic groups (for 
example, imidazole, carbo ath phosphate, or sulphy- 
dryi) present outside the protoplast. It must be 
pointed out that there is a great deal of evidence from 
work with bacteria, yeast and fungi to show that the 
initial uptake of cations is a surface phenomenon". 
The extent of metal socummlation by fungal Spores is 
too great to assume & classical unimolecular 
tion layer“, but rather an adsorption in depth on 
the surface matrix (ref. 13a). Danielli and Davies 
point out that the formation of an un-ionized complex 
between metal ion and surface ionic groups may alter 
membrane permeability ; and Miller’s regala, showing 
increased uptake by fungal spores after treatment with 
silver ions or a surface-active agent, can be attributed 
to reaction between the metal ions and lysed celular 
components. This reaction, however, will be secon- 
dary to the formation of un-ionized complexes, which 
is considered to be pri responsible for the 
Senet t Aeron oF ne enone. 

work discussed here will be 
soc diet clara. 


Long Ashton Research Station, 
University of Bristol. March 14. 
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A Method for the Detection of Inhibition 
of Auxin Transport 

EXPSRIMBNTS in which auxin has been supplied 
to either the morphologically apical or basal ends 
of ocoleoptile sections have been carried oub by 
Åberg and Khalil’ and by Housley e al.2. Both 
investigations demonstrated that more growth 
occurred when the apex-to-base auxm transport 
system could operate, that is, when the apical ends 
were in contact with the auxin. The present oom- 
munication confirms this result and shows how the 
method can be used to investigate auxin transport 
and its inhibition. 

Ten 1-0-cm. coleoptile sections out from standard 
dark-grown wheat seedlings are supported upright 
aside al in. x lin. vial containing 1-0 ml. of sucroge- 
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ed j a Aa 

0 6x10" 6x 10-7 6x10 
Indolyl acetic acid concentration (m.) 

Told ip growth of Soboptle sesira. 

Sodobensols add: O, nfl; A, 2 x 10% M; 
(ha x10*M 


buffer solution’ with or without auxin, and in the 
presence and absence of a second substance such as 
2,8,5-tri-iodobenzoio acid. The sections are placed 
so that the apical end (A-position), or the basal end 
(B-position), of each is just below the surface of the 
liquid. In addition, in certain experimenta, sections 
are floated on the solutions (F- -position). No special 
precautions are taken to guard against surface ley 
of solution along the ‘sections, or against 

rise between the coleoptile and the included. leat 
Growth morements are measured after 18 hr. in 
darkness at 25° C. at high humidity. 

Sections im the <A-position consistently show a 

growth response to indolyl acetic acid than 
sections in the B-position. This differential response 
is still t when: (a) the portion of leaf is 
removed, (b) the sucrose buffer is omitted fram the 
medium (in which case all responses are lower), (o) 
each of the sections is out into two 5-mm. portions, 
and both of these tested m both positions, and (d) 
oat coleoptile sections are used. 

Fig. 1 shows resulta of an experiment on the inter- 
action of indolylacetic acid and 3,8,5-tri-iodobensxcic 
acid. Points on the graphs represent growth inore- 
mente fround for sections in the F, A and B positions 
in different combimations of the two substances. 
Fiduoial Limite of controls, calculated from 5 sets of 
10 sections, are shown. 

In the B-position, externally applied indoly! acetic 
acid gives no growth respanse at the concentrations 


used. There is no significant differance between 


controls in the 4 and B positions; control 

might therefore be ascribed to the activity of endo- 
genous auxin. In the A-position, growth responses 
to exogenous auxin do occur, although they are lees 
than in floating sections. It is suggested that 


Pa 
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responses in the A-position represent an assay of 
transported indolyl acetic acid. Where tri-iodoben- 
zoio acid is present, they are reduced or absent. 
Since these concentrations of tri-iodobenzoio acid 
do not imterfere with growth induced by imdolyl 
acetic acid im the F-poaition, it can be argued 
that the reduction they cause in A -position responses 
is due to an inhibition of auxin transport, rather than 
to effecta of tri-iodobenzoic acid on auxin uptake and 
assay. Such effecte have been tested and corrected 
for by other workers‘*, who have likewise found that 
tri-iodobenzoic acid inhibits auxin transport. The 
same argument applies to destruction of auxin in- 
duced by tri-iodobenzoic acid, which has been shown 
to occur t at concentrations higher than those found 
here to inhibit transport. 

Experiments of this type may prove suitable for 
the testing of tissue extracts for substances that might 
regulate some aspecta of plant growth through their 
effects on the transport of auxm. There 1s direct 
evidence for the existence of transport-modifying 
substances’, and their activity oan be postulated as 
a working hypothesis to acoount for a variety of 
correlation phenomena. Substances already available 
in a pure form can also be examined. Far example, 
the method has shown that colchicme, in concentra- 
tions (0-001 and 0-01 per cent) that are within the 

causing apolar oell enlargement in root 
‘o-tumours’, does not behave im the same way as 
tri-iodobenzoio acid. 
° B. E. 8. GUNNING 

Department of Botany, 

Queen’s University, Belfast. 
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Maternal Inheritance and Interspecific 
Hybrids of the Liverwort Sphaerocarpos 


Sex determination in Sphaerocarpos, a genus of 
diwcious liverworts, is genetically controlled'. When 
the spores of a tetrad derived from a single spore 
mother cell are ted, two of the sporelings 
develop into male and two into female gameto 
Cytological studies have shown that there are eight 
chromosome in the complement of each sex. Of 
these, seven of the eight chromosomes in the female are 
similar to seven m the male. The eighth chromosome 
of the female, the X chromosome, is larger than the 
“seven autosomes; the eighth chromogame of the male, 
the Y chromosome, is emaller than the autosomes?+. 

Of thb seven species in the genus, there are no 
readily apparent morphological differences separating 
the male plants. Moreover, only one species is easily 
identified on the basis of the vegetative characteristics 
of ite female plant‘. Although some vegetative 
differences are said to exist between the female plants 
of the other six species, apparently these differences 
are difficult to ascertain m field populations. There- 
fore, these species are usually separated on the baais 
of spore characteristics, that is, the pattern of spore 
markings and whether or not the four spores remain 
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adherent in a tetrad after meiosis. Recently, in the 
work reported here, it was found that these spore 
characteristics are isolated from the effecta of 
hybridization. That is, hybrid spores are not inter- 
mediate between the two parents, but closely resemble 
the maternal species. 

Three species of Sphasrocarpos were used dunng 
ae ees work: S. donnelisxe Aust (from Florida), 

“4 Wigglesworth (from California) and 8. 
oristatus Howe (from California). The spores of S. 
drewis and those of the particular race of S. donnes 
used in this work are adherent m a tetrad; those 
of S. ortsiatus are separate. Sexual reproduction 
between these species is normally precluded by 
geographical isolation. Clonal cultures of each sex, 
derived from single-spore molates, were grown. 
separately. Two separate matings mvolving recip- 
rocal crosses between, the three species were attempted. 
Simultaneous intraspecific matings served as controls 
and also indicated the number of archegonia with 
eggs receptive to fertilization at the time of each 
mating. Between 60 and 105 archegonia contained 
receptive eggs in each control culture. 

Of concern here are only those crosses which 
resulted in the development of mature sporophytes 
and thus mature spores. Mature hybrid sporophytes 
resulted from the fellowmg matings: S. ortstatus? x 
S. donnella 3; S. drewit? x S. ortstatusg; and S. 
donnellat 9 x S. cristatus $. Only in matings of S. 
cristatus 2 x S. donnell 3 did the number of sporo- 
phytes produced compare to that for the control, 
S. cristatus selfed. Considerably fewer sporophytes 
resulted from the mating between S. drewit 9 x 5. 
cristatus ¢ than from the control, S. drewit selfed. The 
second mating between S. donnellii 9 x S. oristatus g 
resulted in a single sporophyte which produced 
morphologically normal spore 
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Spore characteristics of the parent ies and the 
hybrids are depicted in Fig. 1. ‘All hybrid spores 
Dae 6 ogi AE endian dient wero. 
phytes of the same mating are similar to 
those shown. It is evident that the hybrid spores 
bave both the general and the definitive characters 
of the maternal species. Similar results were 

by Allen’ in the cross between S. taranus Austin? x 
8. donnelliié 3. nee ee R 
the species S. donmelia the character of adherent 
_versus separate spores followed the line of descent of 
‘the X chromosome. 


inheritance in mosses), the most plausible explanation 
for this. pattern of inheritance is that the’ spore 
morphology is determined by the genetic composition 
of the X chromosome. 


hybridization will have no taxonomic meaning until 
species identification includes the use of additional, 


(1917). 


Significance of the Type of Host Plant 
Crop in Successful Biological Control of 
Insect Pests 


r publications on the status of biological 


eae aot to the effect that only such 

insular conditions are basically suited for this tech- 
nique. This opmion was soko’ by Simmonds', 
whose point of view is supported by Clausen’* on 
Le beria of moeie of work done Ta Nocti. Am erica 


authorities)" to have given fall commercial control 
of the pests, and the majority of those where control 
has been partial pertam to perennial crops. More 
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specifically these plants have been sugar-cane, alfalfa, 
coconut, citrus, coffee and sundry deciduous frost, 
forest or shade trees. The followmg examplea may 
be cited : the -cane weevil Rhabdoscelus obscurus 
(Boisduval) and the leaf-hopper Perkinstella sacohari- 
oida Kirkaldy by Mécroceromasta sphenophori (Vil- 
leneuve) and Oyriorhinus mundulus (Breddin) in 
Hawaii; the coconut moth Levuana iridescens 


remota Aldrich, Oryptognatha 
nodiceps Marshall, and Pleurotropis parvulus Ferriere, 
Markell, end P gahani Green by Rodolia 


weevil Gonipterus soutellatus Gyllenhall, by - 
dea nitens Girault in New Zealand, South 
Madagascar and Mauritius. 

Oonsideration of these and the many other attempts 
to utilize biological agents leads to the conclusion 
that these agents have been particularly effective 
‘maintaining i goographioal nations ovar periode 


exceptional in that there is frequent cutting to ground. 
level. But since maturity is reached 10-20 months 
after planting, crops overlap, and. is common 
at least under moist tropical conditions, the plants 
provide an approach to the more stable and permanent 
conditions in the tree Indeed, some authors 


annually. 
Under these conditions control of pesta by natural 
enexnies has not matched that obtained in the tropics. 
. The special suitability of tree crops as environments 
for the action of biological agents is seen also in the 
results of long-term fleld studies on biological balance 
in California avocado orchards by Flesachner’,)*, 
It is seldom necessary to apply chemical pest control 
treatment in these orchards; but Fleschner showed 
by numerous experiments that when entomophagous 
insecta were excluded from trees in any area 
phytophagous mite and insect populations increased 
to damaging levels. A further illustration of the great 
significance of stable environments in control pro- 


Tn contrast to peste of tree or other perennial 
crops, field and garden insects attacking planta such 
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as cereals, maize, crucifers, legumes, etc., have proved 
to be far more refractory to adequate control by 
biological agents. So much so-that in published lists 
of peste brought under fall commercial control by 
biological means the omission of examples from these 
crops is striking. Of course, partial control of a quite 
valuable nature has been obtained m some field 
cropa, but here again the importance of the i 
plant 18 evident. The introductidn of 8 pupa- 
rum (Linnaeus) and Angitia spp. against the crucifer- 
ous peste Prerts rapas (Linnaeus) and Plitsila macul- 
pennis (Curtis) in New Zealand ; quadriden- 
tata Wesmael and Glypta Aaesitator Gravenhorst 
against pea moth Laspeyresia mgricona (Stephens) in 
British Columbia ; Huplectrus plathypenas Howard 
and Archytas oirphis Curren against pesture cutworms 
Psoudaletia unipuncta (Haworth), eto., in Hawaii; 
and Praon palitans Muesebeck, Trioxys utilis Muese. 
beck and Aphelinus semiflavus Howard against 
spotted alfalfa aphid Therioaphis maoulata (Buckton) 
in California, are cases in point. Biological control 
programmes against pests of fleld and garden crops 
ae often been pursued with a vigour equalling 

ma applied to programmes against tree crop pesta, 
pie seen by the examples cited in Clausen’s 
review of biological oontrol work in the continental 
United States‘. The sharp differences in the end- 
results of these numerous empirically conducted 
projects during the past seventy yeara thus suggest 
a real limitation in the biological control method. 
Ugtil research shows how such environments may 
be made more favourable for the action of biological 
agents, major attention might profitably be directed 
to pests of perennial crops, where full commercial 
control is sometimes attainable. 

The reasons for these different resulte are not 
immediately apparent, although the differences are 
understandable when the projects are considered 
from behaviouristic and ecological points of view. 
The effective environment of an organism has been 
defined as that containing everything of direct impor- 
tanoe to the particular organigm. It is probable that 
tree and other perennial crops provide better approxi- 
mations to this environment than do field crops 
because of their fortunate combmation of extension, 
continuity and fixty. These relatively stable and 
undisturbed conditions year after year must inevitably 
facilitate sensory reactions of biological agenta such 
as adult entomophagous insects. The overall capacity 
of an environment to meet the specialized require- 
ments and limitations of these adults may well be a 
critical, even decisive, factor in the ultimate success 
of a biological control programme. Really effective 
natural enemies have been shown. to disperse rapidly 
and have good host-searching oapacities. These 
faculties involve many sense organs, and prevailing 
opmion is that the adult is attracted first to the 
type of environment or host area, and then to the host 
insect, Tho relative failure of biological control 
agenta against field and garden crop pests suggests 
the possibility that the organic sensory equipment 
of the adult entomophagous insect lacks the capacity 
to cope with the constant disruptions of these plant 
environments by the cropping and other sequences 
of present-day agricultural systems. Continuous 
cultivation under one crop has long been known to 
favour ‘accumulation of pests, whereas a shifting 
cultivation or rotation system helps check them. It 
is to be expected that these same practices create 
corresponding difficulties in the maimtenance or 
augmentation of the natural enemy populations of 
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the peste. Successful attempts to alter these environ- 
ments in favour of the biological agents might well 
follow from an increased knowledge of the factors 
controlling the orientation and movement patterns 
of the entomophagous inseota and other natural 
enemies. 
D. C. Liorp 

Commonwealth Institute of Biological Control, 

P.O. Box 575, California Station, 

Fontana, California. 
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Piplodiacus Species Parasitic in the Snail 


Paludina vivipara Lm. 


Write engaged in researches on larval trema- 
todes in The Netherlands, I collected specimens 
of the snail Paludina vivipara Lm. from a dried-up 
waterway in the vicinity of Houten (Province of 
Utrecht). In the course of routine examination, no 
cercaris having bean given off by the mails under 
laboratory conditions, they were dissected and large 
numbers of redis found which proved, by their 
structure and measurementa, to be the larval stage of 
an amphistome. This is in iteelf unusual as P. 
vivipara is not recorded as acting as intermediate 
host for this group of trematodes. 

Further dissection and investigation revealed in 
two of the mails the presence of active trematodes, 
associated with the tissues of the gut-wall. On 
investigation, these proved to be adult amphistomes 
of the genus Diplodisous Diesmg 1836, known previ- 
ously only from vertebrates (Amphibia). Of the 
members of the genus, the new amphistome most 
closely resembles -Diplodisous subolaratus- (Pallas). 

The accompanying photograph (Fig. 1) shows the 
structure and state of development of the amphistome,’ 
and its resemblance to Dtplodisous sp. is clear. A 
feature of interest is that only one testis is present, 
which indicates that the tramatodes are in fact adulta, 
young specimens having & double testis which later 
fuses. The dark paired structure (black in the photo- 
graph) is the exaretory system. 

measurements of the trematode shown are a8 
follows (in microng) : 


23,820 
Breadth, at 4 710 
Oral 290 x 200 
Acetabulum 860 x 610 
Testis diameter 200 


At present, there appear to be two explanations for 
the occurrence. One one hand, it is possible that the 
larval stages of the amphistome have taken place in 
another mollusc, for example Planorbis sp., and that 
the subsequent eating by Paludina vivipara of 
encysted metacerceris (perhaps by eating a dead 
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Fig. 1, Moasurements given in text 
frog or another mollusc) has given he opportunity 
for full devel t within a molluscan. host, in 
place of ane of the expected vertebrate host (that is, 
one of the Amphibia). ` 
On the other hand, the presence of amphistome 
redis raises the possibility that the whole of the life- 
cycle may occur, by means of a type of ‘short- 
within the (former) mtermediate host, 
which would account for the lack of free-swimming 
Diplodisous 


tissues of the mail Planorbts 
leaves the intermediate host, aAa 
It ia of interest to speculate on the definitive host 
for this species of Diplodisous, and whether it is a 
parasite of molluscs, in contrast to all other members 
oe ee eS ee eee 
onal circumstances, has adapted itself to a 
molest host. Whatever the answer to this problem 
may prove to be, it is the first known case of an 


further work on the life-cycle and idemtifloation of 
this trematode, the resulta of which it is hoped to 
publish at a later date, I am imdebted to the 
-Institute mentioned below and in particular to ita 
director, “Prof. D. Swierstra. 
M. R. Hone 
Tiistibnte Tor Paratiology and Parasitic Dimani, 
State University, Biltstraat 172, 
Utrecht. 


Effect of 
Enucleated 


uvate niga Nucleated and 
gments of Amoeba proteus 
Tas detection of metabolic differences between 
nucleated and~ enucleated fragments of Amoeba 
proteus suffers from the fact that the amounts involved. 
aro often minutet. In a search for the effect of 


The effect of C L 
cleated fragments of Amoeba proteus wea tested as 
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one example. Since enucleated cells are unable to 
take up food particles, both the controls and the 
fragmenta were kept in non-nutrient galt solution 
without the addition of food particles throughout the 
experiment. The Amoebas were out into nucleated and 
enucleated halves with a glase needle. Nucleated 
fragments as well as whole cells tolerated conocen- 
trations of sodium pyruvate up to 2-5 x 10-* mM /ml. 
for 24 hr. without appreciable changes either in their 
mode of movement, or in the morphology of the 
pseudopodia. However, about 90 per cent of the 
enucleated fragments were within the first 
10 br. of exposure to the same concentration. This 
difference is the more remarkable since both nucleated 
and enucleated fragments survive starvation for more 
than a week. 

Since synthesis of protein and ribonucleic acid is 
ee ee eee n a 
pyruvate for the enucleated fragments might reflect 
an intracellular increase in lactic acid, caused by a 


It is interesting that a similarly increased 
sensitivity of enucleated fragments towards ‘natural’ 


precursors of proteins and nucleic acids has been 
found in Aostabuleria'. 


EDMUND Gurras 
Sorum Gurras 


ee 
own, University, e 
Providence, 
Rhode Island. 
1 Baltus, H., Arok. Internat. de Physiol. et de Diookim., 64,124 (1058). 
* Ghance, B., : Untta of Blologteal Structure ami Fonotion’’, 
edit, by Sore MAT (Aontan Ereet Tor TE oe): 
* Lardy, H. A., Proe. Third Internat. Congr. ' 
E by Tabbeod, O., A Prem Rew York. 1060). 
* Branhet, J., Bap. Cell Ree., 14, 650 (1058). 


BACTERIOLOGY 
Egg-Yolk Reactions of Pseudomonas 
S 


pecies 
Vanious bacteria are known’ to produce opal- 


ale EE Among 
ing olostridis and ‘aerobic spore-forming 
bacilli, and the lipolytic clostridia and staphylococci. 
Little attention seems to have been paid to the 
effects produced by Gram-negative organisms growing 
on egg-yolk media. Felsenfeld' showed showed that the 
oe produced by four strains of Vtbrio oomma 
and one stram of Vibrio el tor was due to lecithinase 


isolated from human infections ; 
Sr sea a al in aca 


were examined for eerie e 
ios greets word on favconbaiaig edie (wibutyrin 
agar (‘Oxoid’), cream agar, monosteerate agar and. 


All 
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tristearate agar), and for lecithinase activity on egg 
yolk agar and lecithin egar. Fat-free milk agar was 


phenolphthelein phosphate agar to determine their 
phosphatase activity, and a note was made of their 


agar 
iisicarnte agar og Dditpied by podliv neti in tho 
copper soap test for lipase’. Pancreatic lipase 
igi end Oey) pre E rool Se oa ee 


varied foci Rento ginal Whey produced no change 


and commonly a pearly layer also. On egg-yolk agar 
the opalescence was almost always confined to the 
limits of growth ; but on lecithin agar it commonly 

extended woy fom the edo ofthe growing colony 
for some distance into the medium. 

with saturated copper sulphate solution the central 


R Taan on mala a Pan Bed Pon e 
ith Ol (lecithmase O). 


- those which grew at 37° C. gave similar results to those 
outlined for Ps. pyooyanea, while those which grew at 
25° O. but not at 37° O. were comperatively mactive. 

There is no doubt that many of the strains of 


oedemations type 
el eae we 
Further investigations along these lines are at 
present being carried out and s detailed report will 
be published elsewhere. 


NATURE 


433 


Two Types of Catalase-like Activity 
4 Lactic Acid Bacteria 


Waan heterofermentative lactio acid bacteria were 


the blood benzidme medium of Kraus, Nickerson, 
Perry and Walker’, it was noted that one group 
abowed a positive reaction on both media, and another 
group produced peroxide on the pyrolusite medium 
only. Later, it was found that the latter group, but not 
the former, possessed a strong catalase-like activity 
when hydrogen peroxide (10 vol.) was added to the 
cultures grown on blood media; no such reaction 
was observed when the cultures were grown on blood- 
free media. Further ts were carried out 
with a basal medium (0-5 per cent Evans peptone, 
0-5 per cent ‘Lab-Lemoo’, 5-0 per oent yeast auto- 
lysate, 0-05 per cent manganese sulphate, 0 05 per 
cent Tween 80’, 0-5 per oent potassium citrate, 
1:5 per cent agar, and 0-5 per cant glucose, unless 
otherwise stated, pH 6-5 and autoclaved at 15 lb. 
for 20 mm.) to which blood, lysed by the addition of 
an equal amount of sterile tap water, was added (5 
per cent final concentration). This medium, boiled 
for 15 min. to destroy the blood catalase before 
pouring into plates, was inoculated by the 
surface and incubated aerobically at 30° C. for two 

days. The evolution of bubbles from bacterial cells 


on the addition of hydrogen peroxide was accepted 
as an indication of catalase-like activity. 


decompose pero 
activity could also be induced by flooding with 
hemin (50 pgm. per ml. hamatin-hydrochloric acid) 
catalase-negative cultures, grown on the basal medium, 
and testing after incubation for a further hour. 

A selection of lactio acid bacteria was then examined 
for catalase-like_activity on heated-blood agar and 
on the basal medium, inoculated and incubated as 
before. Glucose was replaced by arabinose, fructose, 
or xylose for certain strains which grew feebly with 
glucose as the source. The identity of the 
heterofermentative lactobacili, the caset-planiarum 
group of lactobacilli, the leuconcetoos, and the 
pediooooai, was determined so far as posible by 
physiological and morphological tests. The remaming 
organisms are listed under the names they had when 
received from the sources indicated m Table 1. 
The results (Table 1) show that the property of 
forming a catalage-like system, in the presence of | 
heated blood, is posseaged by a number of strains. A 
few strains of pediocooci, however, were weakly 
catalase-positive on both heated-blood and blood- 
free media and are not, therefore, recorded in the 
table as having catelase-like activity only on heated- 
blood medium. All other strains of lactic acid bacteria 
examined were either catalase- on the heated- 
blood and on the basal media or deve a catalase - 
like activity on the heated-blood m 


plantarum, 
National Collection of Dairy Organisms (N.C.D.O. 
704), were inhibited in the presence of blood. In 
these cases culturés on the basal medium were flooded 


negative. 

These results led to further work on the nature of 
the hem-requiting catalase-like system. A washed 
cell suspension of L. plantarum, National Collection 
of Industrial Bacteria (N.O.1.B. 8814), which is 
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Table 1. CATALARW-LIKE Acriviry ox HNATED-BLOOD AGAR 
and Bouree No. catalnee- 
No. of cultures positive 
n oidor (2) N.0.1.B. 0 
flees © ae 8 
T. thermo, 1) 0 
L. lackmann f “o it) 
L. delbrucky (4) , Q 
helvsticus (1) $ W.GD.O. 0 
L., saliparias (2) Droh ee ene DT, ð 
L. easel (8) N.GLB, N.0.D.0, Dr 
E. iL Koddio and own 
leche tos 1 (N.0.D.0. 161) 
L. plantarum (22?) MN.O.LB., W.0.D.0., Dr. 20(N.C.LB. 6105, 
E M. Keddie and own  N.0.D.O. 704, 
wolates negative) 
L buokneri (22 N.O.LB. and own isolates (y 
L. brevis (30) -~ N.O.LB., Dr. M. B. Sharpe 28 (N.O.I.B. 4036, 
: and own isolates 4617, negatrre) 
L, fermenti (4) N.0.LB. and N.O D.O 0 
L. collobionas (2) Dr. AL 2 
D viridescens (2 Dr. H. a om bY 
L. dalparees (1) eee 0 
Unidentified (18) Dr. T. Gibeon and own 
wolates 0 
Genus Leuconostoc 
L. meconterotdes 
fna is formers W.0.D.0., Dr. T. Gfbean 
ee, and own isolates 8 (own teolates) 
formers (60) W.0.L.B., N.0.D.0. and own ð 
L, deatranioum (7) N O.L.B., N C.D.O. and own b 
L. oitrosorum (4) N.C.D.O. 0 
Gona Eir (12) N.C.LB N.C D.O Dr. 
i P. M. T. Shattock ok and 
own 
3. fascia (10) N.O.D.0., Dr. P. 3AL P. 
Shattock and own isolates 
3: monmner (D TODO ee net 


eoo0ecoo o 


' .0. 
TEn (2) : 
Bienen N.0.D.0. and W.0.LB. 


RI) N.O.I B., stock cultures 3 ee: 8018 
and own isolates 


two stook 
pies 


catalase-positive on heated-blood agar, was prepared 
from an aerobio culture on the basal medium ; the 
cells then showed no catalase activity. Within 5 
min. of the addition of hæmin solution (5 pgm. 
per ml. hamatin—hydrochloric acid) they developed a 
strong catalase-like activity. Holding the cells alone 
in boibng water followed by the addition of hain, 
or boiling the oells 10 min. after the addition of 
hæmiņ, resulted m their failure to a catalase- 
like activity.. -Cell suspensions of L. case N.C.I.B. 
4118, which is catalase-negative on the heated-blood 
medium, did not’ become catalase-positive in the 
presence of hmmih. These findings suggest that 
. certain lactic acid bacteria pdasesa a protein capable 
of couplng with a hem compound to form a system 
which actively splits hydrogen peroxide. This system 
did, not appear to be sensitive to acidity, since 4 
repregentative selection of strains exhibited a strong 
catalase-like activity when they were grown aerobio- 
ally on heated-blood media at an initial pH of 7-0, 
5-4 and 4-5. Anserobio cultural conditions, however, 
did lessen the peroxide-splittmg activity of a few 
strains of heterofermentative lactic acid bacteria. 

As mentioned earliér,; some pediocooci were weakly 
catalase-positive on several media. Therefore all the 


pediococci, were exammed for catalase activity on 
the basal medium containing 0-05 per cent glucose. 
Only six slime-forming strains of Leuconostoc mesenter- 
otdes, and ten of the pediococei showed catalase 
activity, the leuconostocs being lees active than the 
Pee ge aerate activity. of all six leucono- 


NATURE 


July 30, 1960 vor 187 


stoœ and five of the pediococai decreased as the 
glucose concentration was increased. This decrease 
in catalase activity agrees with previous findings for 
pediococsi® and Lactobacillus plantarum’. The pre- 


sence of heated-blood or hamin had no effect upon: 


the activity, which suggeste that two distinct catalase- 
like systema occur in the lactic acid bacteria. A study 
of the effect of initial pH and oxygen, using 0-05 
per cent glucose basal medium, revealed that the 
catalase-like activity of the leuconostocs diminished 
with lowering of pH and was absent altogether in 
anaerobically grown cultures, except for one strain 
which exhibited a very weak activity after being 
allowed to stand for 1 hr. in contact with the atmo- 
sphere before the addition of peroxide. The catalase- 
like evtivity of-the pediococci was just as apparent 
in cella grown sarobically or anaerobically ; xt was 
influenced by pH but not uniformly m all strains. 
The strains showing activity in 0-5 per cent glucose 
media were only slightly affected by a pH (initial) 
as low as 4:5. Other strains, catalase-negative in 
0-5 per oent glucose media, were as sensitive as the 
leuconostocs to pH. 

There appears, therefore, to be at least two recog- 
nizable forms of catalase-like activity in the series of 
lactio acid bacteria examined. The first is a vigorous 
hydrogen-peroxide destroying system, not sensitive 
to acid and requiring an external source of ham. 
It is possessed by certain strains of homo- and hetero- 
fermentative lactobacilli, pediococai, and leucono- 
stocs. The second is a much weaker, often acid® 
sensitive system, possessed by further strains of 
leuconostoos and pediocoosi. A catalase-like activity 
similar to the latter type has been recorded previously 
for the pediococci*, strains of L. plantarwn', and 
possibly, though no details were given‘, for nan-slime 
and slime-forming strains of Leuconostoc mesenteroides, 
and additional strains of L. 

This, and farther work, will be reported in more 
detail elsewhere. I wish to express my thanks to 
Dr. T. Gibeon for his advice during this work, to 
Dr. R. M. Keddie for his criticism, and to those who, 
kindly sent me cultures. 


R. Warresnvry 


Department of Bacteriology, 
Edinburgh School of Agriculture, 
West Mains Road, 
Edinburgh 9. 


1Kneteman, A., Antome wan Leewwenhoeh J. Microwiol. Serol. 


18, 58 (1048). 

* Kraus, F. W., Nickerson, J. F., Perry, W. L, and Walker, A. P., 
J. Bact., 78, 727 (1987). 

* Felton, H. A., Bvans, J. B., and Niven, O, F., J. Bact., €5, 481 (1953). 
‘Deere, J. O., and Sharpe, B. M., Nature, 178, 700 (1056). 

s Langston, O. W., and Bouma, O., Baatetal Proc., 17 (1959). 


Production of Tuberculln Sensitivity 


DaLayEp, or tuberculin-type, sensitivity oocurs in 
the course of many bacterial mfections. I+ is charac- 
terized by skin reactions ee vin ae hr. 
after intracutansous injections of ia or their 
soluble products. Like immunological resections, 
dela: akin reactions are highly specific, but the 

eliciting the reactions need not be antigenic 
per se. Circulating antibodice have dot been demon- 
strated to play a part. Delayed sensitivity is not 
transferable passively by serum, but can be transferred 
with the cells of sensitized organisms. 
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Table 1. TUMEROULIS ENACTIONB Iw GUDO Pios KASYITIED WITE PURIFIED PROTEIN DERIVATIVE OF TUBERCULIN ADBORBED TO EXUDAYH 
Gumes pig 
. Ro. Skin 
| thuckness* thickness 
1 36 43 -o 
2 29 $1 = 
3 u 36 — 
4 32 35 — 
5 t “u = 
6 35 42 _ 
7 29 30 — 
` + Tho thiskness of a skm-fold was measured with oallpers. The oalltper readings which appear tn the table are multiples of 0:1 mm, 
- + This teat was performed on a different set of anhnals immunised in exactly the samo way. -- indicates that the test was negative. 


Delayed sensitivity to tuberculin occurs regularly 
after infection with virulent or attenuated tubercle 
bedilli as well as after the injection of killed myco- 
bacteria. It can algo be produced by injecting native 
tuberculo-protein along with certain wax fractions 
of tubercle baoillit. 

Delayed sensitivity seems to occur mainly when the 
antigenic materials have been phagocytosed (as is 
the cage in bacterial infections) and there appears to 
exist a certain correlation between the imtracellular 
state of micro-organisms and their ability to cause 
delayed sensitivity. An attempt was therefore made 
to sensitize animals with tuberculin by binding it 
firmly to phagocytes and using these treated cells to 
sensitize animals. wot amen “ta BT 33 

otein derivative of tuberculin, Usa 


A typical experiment is described. Normal gumea 
pigs were injected intraperitoneally with 10 ml. of 
per oent solution of glycogen in saline. 
Four days later, the exudates consisting mainly of 
monocytes were collected from the peritoneal cavities. 


solution and resuspended in Tyrode. The average 
yield was about 1 x 10° cells per guinea pig. 10 ml. 
„ Of pooled exudates from 4-6 animals were incubated 
" with 10 mgm. purified protein derivative of tuberculm 
- for 40 min. at 37° O. The cells were then washed five 
times in Tyrode to remove all non-adsorbed deriva- 
tive. Studies with the purified in derivative of 
tuberculm labelled with chromium-61 (ref. 2) showed 
that 10* cella adsorbed about 0-1 mgm. of the deriva- 
tive. The washed, sensitized cells were suspended in 
Tyrode, and new guinee pigs, weighing about 850 gm., 
were injected into the footpads with approximately 
10 cells in 1-0 ml. Tyrode. 

Twelve days later the guinea pigs were tested intra- 
cuteaneously wrth 250 T.U. purified protein derivative 
of tuberculin. Reactions were read at 4-5, 24 and 
48 hr. Table 1 shows the resulte. The majority of 
the reactions had all the characteristics of tuberculm 
reactions. They were indi le in their 
appearance from the reactions o ed in control 
guinee pigs which had been sensitized at the same 
time with livmg BOG. 

Two guinea pigs (Nos. 2 and 5) had reactions which 
oe oe EEA E ESE 

earlier but persisting as long as the pure 

yed reactions. In another, similar experiment 

31 days were permitted to dapra between penaitisa- 

tion and tuberculin . The gues pigs, there 
too, showed typical delayed reactions. 

Similar skin reactions were observed when gumea 
pigs were tuberculin tested 12 days after they had 


been injected with purified protein derivative of 
tuberculm (0-1 mgm. in 0-1 ml. saline) into the centre 
of a sterile abscess four days previously by 
an intramuscular injection of 0-1 ml. turpentine into 
the thigh. However, tuberculin sensitivity failed to 
occur when normal guinee pigs were injected with 
the derivative directly into the footpads, or into the 
skin or, imtraperitoneally, mto preformed four-day- 
old exudates. Injection of the derivative adsorbed to 
guinee pig cells from one day-old polymorphonuclear 
exudates gave irregular resulte. Four-day exudate 
cells from rabbits, or red blood cells from guinea pigs, 
sheep or rabbite, when sensitized with the derivative 
and Injected into guinee pigs, failed to induce delayed 
reactions. In those instances where no delayed 
reactions occurred, the guinea pigs developed immedi- 
ate-type Arthus reactions. Intense local bluing wae 
observed in these animals when, ak were mjocted 
intravenoualy with Evans blue }-hr. before skm 
testing. This reaction is characteristic of active 
cutaneous anaphylaxis’. The presence of antibodies 
to the derivative in some of these guinea pigs could 
be detected by passive cutaneous anaphylaxis 4s 
described by Ovary’. Antibodies appeared more 
frequently after repeated skin testing with 250 T.U. 
purified protein derivative of tuberculin. 

Animals with characteristic tuberculin reactions 
did not show active cutaneous anaphylaxis. Ciroulat- 
ing antibodies could not be detected and testa for 
passive cutaneous anaphylaxis were negative. 

Histologically, the reactions showed the character- 
istic features of delayed reactions, that is, mfiltration 
with mononuclear cells, edema, absence of perivascu- 
lar infiltrations, few polymorphonuolear leucocytes. 

The absorption of soluble ens to autologous or 
homologous cells might provide useful experimental 
models for the study of delayed sensitivity. A variety 
of systems with different purified protein preparations 
is currently being investigated. 

This work is supported by research grant No. 
Tica te ae ee 
Infectious Diseases. Wo are grateful to Dr. 8. V, 
Boyden for helpful discussions. j 

Hosser Broom 
ALBERT A. NORDIN 


Department of Microbiology, , ` 
School of Medicine, . i 


Haee e oe ~ 
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1 Raffel, B., J. Infect. Dis., 88, 267 (1048). 3 
a a Hodotoxin by means f Senaittyii Tuberculin and 
Praslea] Hado oe eee oe 
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SOIL SCIENCE 


Potassium-supplying Power of Some British 
Soils 


BarrisH sous containing similar amounts of total 
potassium can vary greatly in their ability to release 
non-exchangeable potasium, but the reasons for 
this are not well understood. The non-exchangeable 
paani reserves in many soils become available 

plants se the exchangeable and water-soluble 
nese is removed. Some sous can provide 
amounts of potassium adequate for crop growth 
during many years, but the release from reserves in 
others is too alow to meet crop requrements. The 
nature of the potaseram-containmg minerals and 
their amount and distribution of particle size are 
undoubtedly important; the past cropping history 
and the nature and amount of potaseram fertilizer 
residues also influence the release of potassium from 
souls. 

Continuous cropping without potassium fertilizer 
was used successfully in glasshouse experiments to 
measure releases of non-exchangeable potassium! ; 
the total amount released is termed here the potas. 
sium-supplying power of the soil. For 19 different 
arable top soils, releases of non-exchangeable potas- 
sum to perennial ryegrags during 18 months m, the 
glasshouse pag none to the equivalent of 
2,000 Ib. potaasram per acre (Arnold, P. W., and Close, 
B., unpublished results). The soils, all of which 
contained more than 1-0 per cent total potassium, are 
divided in Table 1 imto poor, moderate and good 
releasers (< 200, 200-1,000 and > 1,000 Ib. potassium 
per acre, respectively) of non-exchangeable potassium. 
Only soil 19 is known to have received heavy potas- 
sium fertilization. Soils of poor Bad EOFN 
potessium-supplying power were usted ore 
the end of 18 months in the glasshouse, whereas the 
good releasers continued to provide potassium satis- 
factorily for grass. The clay (particles < 2u) obtained 
from uncropped soils after treatment with hydrogen 
peroxide and dispersion in sodium hexametaphos- 
phate was divided into parts: < 0:1, 0-1-0-3 and 
0:3-2-02 separates with a Sharples su 
The oven-dry weights (104° C.) and the total potas- 
sium contents -(hydrogen fluoride-sulphurio acid 
digestion, HEL flame photometer) of sate olay separ- 

determined. 


. ate were 


‘The potassium contents of the < 0-lp separates 
, and ther proportions in the soils, plotted in Fig. 1, 

show that 17 of the 19 soils fall clearly mto three 
categories cortesponding to poor, moderate and good 
rates of release of potassium. High percentages of 
potassium in the fine clay and/or large proportions 
of. fine clay were associated with largo releases of 
potassium. Two soils were atypical. Soil 16, 
overlying glauconitic Malmstone, Teleaped consider- 
able amounts of to H-resin from silt-size 
particles’.. No. 19 is a soil heavily fertilized with 
potassium ‘from the Broadbalk whose field (Plot Re ; 
the accumulated fertilizer remdues have changed the 
sou from a poor source of potassium. typified by soil 7 
(Broadbalk Plot 11, cropped without ste 
fertilizer), to a good. source without imoreasing the 
Conair caat of tha ans dlay Uy aane Cian 0-2 
Slon f fale et od ead 

i of the two soi mg 

inthe alstyaia of their fine clay separates. Results 
for. the 0-1-0 -3u clay separates were almost equally 
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Table 1, Bora or Poor, MODEA tI AXD GOOD POTAMSTUM-SUPFLYING 
wI 


Ko. Soil series Clay <2a Substrato 
per cent 
L Oak 19. Boulder Clay (non- 
or 
cifled) Poor 
2 Hatfield 14 Brock-earth tesatom- 
i Fe, O Rae ob 
over Car- < 
boniferonus Limestone B50 “th 
5 Gasrwen 18 Mioaceocus Sehist acre 
6 Woburn o Lower 
7 Batoombe 22 Clay-with-flints 
8 Hanalope 27 QChalky Boulder Olay 
9 Hanslope 21 Chalky Boulder Clay | Moderate 
10 Windsor 38 London Ola: potasium- 
u Bromyard 21 Red eat supplying 
12 Llleshall 20 Bed Mari (Upper B50-1.000 
Coal Measures) lb.jacre 
13 Wicken 50 Gault Olay (resorted) 
l4 Brenzett 87 Sit (marine) from x 
Romne 
16 Denabworth 35 Oxford y 
16 Harwell 17 Malmstone (Upper 
hero Good 
nitis) potastum- 
17 Evesham 85 Oalœæreons Lower supplying 
Laas Olay > 
18 ‘Worcester 38 Red Mari (K Poo Tb 
19 Batoombe 21 r rar) acre é 
fii ` 
annually) 


Soll 7: Plot 11, no po 


Broadbelk, tesnom. 
e e N 


satisfactory for grouping the soils into poor, moderate 
and good release categories. Again, soils 16 and 19 
were atypical. The contents of the 0:3- 
2°02 separates and their proportions in the souls, 
plotted in Fig. 2, showed a leas well-defined relation- 
ship with the potassrum-supplying power of the 
soils. 

Because low potassium in the fine olay (< 0-8p 
approximately) and small contents of fine clay were 
associated with poor releasers, fine clay particles 
are usually more im t than coarse clay in 
releasing potassium in these soils. Fme distinctions 
between soils cannot, however, be expected, nor can 
1t be assumed that in good releasers tho coarse clay is 
unimportant. A detailed study of soil 9 before and 
after continuous croppmg showed that about 40 
per cent of the potassium released came from the 


80 
20 
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tion to the potasram-supplying power, of 


, Moderate; @, good 


< 0-Iy olay and 40 par cont from the 0-1-0. olay, 
there being tely 7 per cent fraction 
in the soil. “The remaining £0 per cent was released 
from ~ Oda particles which contained 76 por cent 
of the total potassium in the soil. 
Rouse and Bertramson* obtained a positive correla- 
tion between the area under the ‘illite’ peak on X-ray 
of the fine clay separates (< 0-2 and 
0-2-1-0) and the poteasium-supplying power, 
asseased by chemical means, of several Indiana soils. 
In general, however, there have been few successful 
to relate the mineralogical composition of 
soils to their ability to release potassium. This is 
not unexpected because, as Reitemeier+ hes stated, 
even for the most important group of potassram- 
containing soil minerals, the micas and hydrous 
zia Mon ee i Pi e a a eed 
Progress in this subject appropriate o- 
gical studies in association with simple chemical 
ware Gomened bo reveal ronila aoe 
equally ortant, to recognize soils that are atypi 
G i and chemical work, 


mineralogical 
complex, particularly on. soils of diverse origin and 
variable age. 


Thanks are due to members of the staff of the Soil 
Survey of England and Wales, who provided most of 
the soils used in the work. 


P. W. ARNOLD 
Rothamsted Experimental Station, 
ordghire. 
a ere a 


1 Rep. Rothamsted Hrp. Sta. for 1958, p. 55, 
* Rouse, B- D., and Bertramecn, B. B., Pree. Seal Sot, Soc. Amer., 14, 


118 (1950 
1 Relternefer, E. F., “Advanc. Agron.” 3, 113 (1981). 
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STATISTICS 


Analysis. of Small Experiments 


ConsmaRaTions set out below suggest that unless 
we œn justify certain sasumpiions, quantitative 
inferences based on the resulta of aingle amall experi- 
mente may be misleading. Workers who olaim they 
are only interested in clear-cut effects ahould consider 
carefully what they mean by this before the expen- 
ment startes. There ia a danger that if a teat gives a 
statistically significant result this will be regarded 
a posteriori, even if not a priori, as establishing an 
important effect. 

Despite certain criticisms made here, small experi- 
ments have an undoubted use for suggesting further 
lines of research. It is also true that a series of 
small experiments may be more informative than one 
large experiment. 

Significance tests and estimation procedures are 
commonly based on normal distribution theory, and 
departures from assumptions will often have more 
effect in small experimenta than in large ones. 

We consider this matter in relation to three logically 
distinct practical situations of common ocour- 
renoe. 

Situation 1. The sixe of the experiment is limited 
by the number of experimental unite available. 
Unless we have knowledge gained from previous 
experience with similar material there is insufficient 
information in this case to postulate a particular 
perent distribution. Distribution free randomization 
testa as developed by Pitman! and others are appro- 
priate, but im very small experimenta they do not 
provide tests at a practically useful level. For 
example, with three replicates of each of two treet- 
ments, teste for differences between means can only 
be performed at certain discrete values exceeding the 
10 eee eee For larger experiments 

this difficulty does not arise. 

Siiwation 2. Ample potential units are available, 
but other factors limit the size of the experiment ; 
the unite actually used are selected on some criterion 
of uniformity. Normal distribution theory testa can 
then be justified if selection is based on standardizes- 
tion of a quantity about which thé experimental 
variate is known to be normally distributed ; but it is 
seldom that such precise knowledge is available. 
However, selection for uniformity usually invalidate 
normal distribution theory testa.” “If we select about 
average material we may obtam something lke a 
sample from a distribution, while 
selection of the best available material will often lead . 
to an upper tail sample not unlike one from an 
exponential distribution. Inbidentally, with selection 
for uniformity observations need to be taken with a 
very high degree of accuracy, Rca siete aria 
of values may give rise to large romndimg: oi: orrore 
in variance estimates 

Biuation 3. Ample potential units are available, 
other factors once more limiting- the sizə of the 
experiment ; the unita actually used are sdlected at 
random. Normal distribution theory ures 
are correct in this situation providing the variate 
has an normal distribution over -all 
potential units, but we can expect large standard 
errors. For other parent distributions sampling 
theory based on-those distributions oan be used ; 
but this is seldom done in practice, either because of 
difficulty in specifying the parent distribution, or on 
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acoount of complexities in the sampling theory of all 
but a few distributions. 

As alternatives to normal distribution theory teate 
are not readily avaiable in practice, it is of interest 
to know somethmg of the effects of using them when’ 
they are not theoretically justifiable. I have carned 
out a series of samplmg trials simulating the various 
situations above for an experiment with three 
replicates of each of two treatments, there being 
zero treatment difference A normal distribution 
theory t-test was used to detect significant differences, 
and too high a proportion of signifloant resulta was 
nearly always obtained at both the 1 per cent and 
5 per cent levela when normal distribution theory 
assumptions did not hold. Twelve batteries, each of 
200 or more teste, were performed. In only one case, 
corresponding to random sampling from an exponen- 
tial distmbution, were too few significant results 
obtained. When testing at the 6 per cent level the 
proportion of significant results was as high as 10 
per cent in one battery. With another battery the 
proportion of results significant at the 1 per cent level 
was as high as 5:7 per cent. The last two cases 
involved samples corresponding to situations 1 and 
2, respectively. When normal distribution theory 
assumptions held, the proportion of significant 
resulta was generally close to the teat-level, for 
example, between 5 and 6 7 per cent when testing at 
the 5 per cent level. 

When the alternatives to a small experiment are 
no experiment or & long wait, it seems clear that a 
decision on the course of action should not be divorced 
from statistical considerations associated wrth the 
logical situation. The situations discussed are not 
exhaustive, but cover a wide range of practical cases. 

The pointe raised apply both to estmmation and 
significance testing, and some of them are worthy of 
conmderation in correlation and regreasion problems 
with few pairs of observations. 

My thanks are due to Dr. 8. C. Pearce for stimulat- 
ing discussions on the logical status of small 
experiments. 

P. SPBENT 
East Malling Research Station, 
Maidstone, 
Kent. 
Pitman, E. J. G., J. Roy. Stata. Soe., Sapp , & 110 (1987). 


Significance of the Difference between 
Two Means when the Population 
Variances may be Unequal 


` Tuæ-pùrpose of this communication 18 to present a 
simple test: applicable, at the 5 per cent level to the 
general case of the significance of the difference 
between two means. If we have two samples of n, 
and n, variates from normal populations with the 
game, though unknown, scale factor, that is, ¢, = Og 
the signi of the difference between the means 
can be tested by the criterion: 


TaN {BAP (2 43)] 


where £, and E, represent the sums of squares from 
the reepective means and ¢ is referred to Student’s 


integral with ni + na — 2 degrees of freedom. Ifthe 
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scale factors are unequal the use of this criterion 
involves a bias! which isamallifn, = n, but which can 
be large if ni Æ n, When the reletrve scale factor 
of the two populations is known, appropriate weight- 
ing of the suma of squares gives an exact solution. 
In the case where the relative scale factor is unknown, 
Fisher’? advocates the use of a different criterion, 
Behrens’ d‘, which can be expressed as : 


a [Vl wet nt meet i 


and tablea‘,* are available for the 6 per cent and | per 
cent pointa of this distribution for a lattice of values 
of n, and n, both greater than 6. Q 

In & previous communication’ ıt was pomted out 
that when Student’s ¢ is standardized by dividing it 
by its own standard deviation, the variability of the 
tails with the number of degrees of freedom 1s greatly 
reduced and m particular the 5 per cent values of 
standardized t, denoted 4, for 4 or more degrees of 
freedom all he withm the Innits 1-96 and 2:0. With 
reference to the present problem : 


aay Choe Card) 


Behrens’ d can, be adjusted in a simular way giving: 


a= 0-20 [fea tagetnl 





: ° 
. From the relationship between Behrons’ d and tts 


adjusted value dẹ, implicit in the above formulm, the 
value of dy corresponding to each valie of d in the 
5 per cent table was caloulated with the remarkable 
result that all these values of d} le within the range 
1-96 to 2-0 whereas d iteelf ranges from 1-960 to 2 447. 
Hence, provided that n, and n, are both greater than 
6, if dq > 2 the difference between the means 18 
significant at the 5 per cent level; if dẹ < 1-96, the 
difference is not significant. The formula was 
suggested by Welch but he did not give numerical 
vahies. 

When n, =n, = n, say, the formule for ¢ and d 
are identical but the numerical values for a given 
level of significance are different ; dis more stringent. 
The correspondmg adjusted criteria are : 


nner a) [RS 


ame- [Be 


Both le between 1 96 and 2 0 at the 5 per oent point 
for n > 6. The factor n — 3 compared with n — 2 
toflecta the absence of information about the relative 
soale factors of the two populations. 


Joux B. pa V. WER 


University of Glasgow, 
Glasgow, W.2. 


1 Welsh, B. L, Bomania, £9, 350 (1038). 

* Fisher, R. A., Amn. Bugsa., 6, 301 (1085). 

1 Fisher R. A., “Btatistroal Methods and Solantific Inference”, 04 (1056). 

1 Behrens, W..U., Landw. Jb., QB, 807 (1929). 

+ Sukhatme, P. V., Sembkvs, 4 30 (1088), 

raia ates, F., “Btattstioal or Biological, 
h ani a MARL Eeten Arth ed. (1987). 

‘Weir, J. B. de V., Nature, 185, 558 (1060). 
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EDUCATIONAL CO- OPERATION IN THE COMMONWEALTH 


a ERA EA N E ST 
‘7a second reading in the House of Commons on 
{May 17 and tio Royal ‘Amant on Tane 2, gives effect 
_ “to the second of the undertakings given by the 
United Kingdom Government at the Commonwealth 
Eduoation Gonference at Oxford last year. Steps have 
already been taken to give effect to the decisions 
‘relating to the Commonwealth Scholarship and 
` Bellowship Plan, arrangements for the administra- 
-,tion of which were outlined in a White Paper issued 
„ last November, and a Bill establishing the Oom- 
monwealth Scholarship Commission to administer the 
Plan in the United Kingdom was passed by Parlia- 
ment in December 1959 (see Nature, 185, 214, 271, 505; 
1960). On that Plan and on schemes for the training 
of teachers and for promoting recruitment of United 
Kingdom teachers for service in Commonwealth 
countries overseas, the Government proposes to spend 
£6 million during the next five years to fulfil the 
undertakings assumed at the Conference; of this 
sum, about £8-75 milion will be required for the 
purposes of the new Act. 
©Theee latter schemes are described in a further 
White Paper on Commonwealth Educational Oo- 
operation issued in May*. While in the long term the 
training of sufficient teachers to meet normal require- 
mente can be achieved only by the efforta of the 
countries themselves, the Oxford Conference agreed 
that,.in the short term, help from other Common- 
wealth countries could be decisive if carefully chosen 
and directed towards the most influential parts of 
the educational system of the recipient country. The 
- United Kingdom Government, therefore, undertook 
` to take steps, in co-operation with the responsible 
authorities, to make available to Commonwealth 
teachers additional places inteacher-training institu- 
‘tions in Britain and, within the limits of the funds 
available for the purpose, to provide grants covering 
` fees and full maintenance to Commonwealth teachers 
“nominated by their respective Governments, so as to 
enable them to take up these places. The sending 
country will normally bear the cost of travel to and 
will act as agent of the Commonwoalth Relations 
Office and the Colonial Office for the payment of 
students’ fees and allowances, and will be responsible 
for their reception on arrival in the United Kingdom 
and for their general welfare. They will be placed by 
a Commonwealth Bursary Unit in consultation with 
the training institutions. Provision will be made in 
the estimates of the Commonwealth Relations Office 
and the Colonial Office for expenditure of about 
£285,000 a year, and also some financial provision 
to afford opportunity to members of the staffs of 
teacher-training institutions in Britam at which such 
* Gammonwealih Relations Office 


Pp. 7. 


Colonial Office. Commonwealth 
Bduoational Co-operation. ‘(Ommd. 1082.) (London: HEM. 
Stationary Office, 1060.) Od. net. f 


EREE EE TE E EE ie 
Commonwealth to see something of the environment 
in which theee teachers will work on completing their 


training. . 

The Government algo agreed st the Oxford Con- 
ference to endeavour to increase: the number of > 
teachers who take up posts overseas by special 
encouragement of recruitment for posta in those areas 
of the Commonwealth where the shortage of teachers 
is most acute. Steps are already being taken in 
co-operation, with local education authorities and 
other responsible bodies to improve the 
for seconding and re-employmg teachers, for safe- 
guarding their promotion prospects and super- 
annuation benefits in the United Kingdom, and for 
promoting wider recognition both by teachers and 
their employers of the value of service overseas in 
the Commonwealth. The Government has also under- 
taken to provide, at the request of certain Common- 


- wealth countries unable to offer salary and conditions 


of service to meet the reasonable needs and expenses 
of expatriate teachers, special financial assistance to 
United Kingdom teachers volunteering to fill approved 
key teaching posts overseas. Such posts may be in 


locally available in sufficient numbers, or posta in 
which the teachers will be able to play a creative 
part in the educational progress of the country 
concerned. 

The measures proposed will include payment of 
special allowances to bring the salary offered by the 
local employer up to the level which would have been 
received in the United Kingdom, and to offset higher 
living costs and local taxation, as well as payment of 
fares to and from the United Kingdom and other. 
miscellaneous forms of assistance. Arrangements for 
posts in universities and university. colleges will be 
drawn up on the advice of a sub-committee of the 
Universities Advisory Oommittee of. the British 
Council on which, besides the Council, theo univer- 
sities, the Inter-University Council for - Higher 
Education Overseas, the Commonwealth, Relations 
Office and the Colonial Office will: bo.repredénted. It 
will not be made a condition of posts attracting thèse 
special allowances that Commonwealth authorities 
should use an officially recognized United Kingdom ' 
recruitment agency ; but in view of the considerable © 
experience of the British Council in-this field, it is” 
hoped that the services of the Council will be widely 
used. The White Paper estimates that recruitment 
of teachers under this scheme will morease from 
about 75 in 1960 by about 20 a year to 185 in 1963 
and succeeding years, and that the cost of this pro- 
gramme to be borne on the estimates for the Common- 
wealth Relations Office and the Colonial Office will 
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riso to about £700,000 a year by the end of the taries. Of the total, 7,000 are ab universities, about 
five-year period. 7,000 at technical colleges and 780 already at teacher- 


‘Apatt from these measures, the White Paper points 
oub thatthe Government hopes to make available a 
substantial number of additional plaoe for Common- 
‘wealth students in technical cojleges in Britain during 
the next decade, and to expand*training facilities for 
Oommonwealth students in British industry. The 
Government is represented on the Commonwealth 
Education Liaison Committes, seb up, together with 
the Commonwealth Education Liaison Unit, to 
improve and further Commonwealth collaboration in 
education. The United Kingdom is also participating 
in & meeting, probably early in 1961, of Common- 
woalth experfs in teaching English as a second 
language to study the problems in this relatively 
unexplored fleld. The White Paper confirms the 
acosptance of the Government of India’s invitation 
to attend the next Commonwealth Education Oon- 

ference ab New Delhi in 1961. 

: In presenting the Bill, which received a remarkable 
weloome in both Houses of Parliament, the Minister 
of State for Commonwealth Relations, Mr. O. J. M: 
Alport, said that in February the Minister of Educos- 
tion, at a Conference on Teachers for the Common- 
the formation of a national council for the supply of 
teachers overseas, the preparation of a oode of 
secondment for teachers going overseas, and a oode 
of terms for the appomtment of such teachers; and 
rt was hoped that in this way and through the pro- 
visions of the Bill it would be possible to provide 
teachers of the calibre and experience required. Mr. 
Alport said that the Minister was much encouraged 
“by the response at the Conference to his appeal, and 
Mr. Alport himself repeated the appeal he had made 
in the debates on the Commonwealth Scholarships 
Act to employers and to teachers to consider the 
value and importance of service overseas both to 
themselves as individuals and to the countries of the 
Commonwealth. 

Mr. Alport emphasized that the success of the 
scheme would depend primarily an the willingness of 
individuals to serve abroad for two or three years ; 
- but despite the-shortage of teachers in Britain he 
`~ did not believe the numbers required are beyond our 
capacity. As regards the provision of training 
facilities in the United Kingdom, Mr. Alport antici- 
pated that the full number of some 400 Common- 
wealth bursars' would be coming to the United 
‘Kingdom im the first year of operation. Dealing with 
„the. Bill iteelf; he explained that ite provisions had 
bean ao drafted as.to’include bursars who were not 
. actually British subjecta or Commonwealth citisans, 
and to enable the United Kingdom to provide experte 
other than those of the teaching profession but whose 
serak n Cocurnsmwonlil eomiicoacodkl bo of kret 
material advantage to their educational system as a 
whole. He estimated that there are at present about 
30,000 Commonwealth students in the United King- 
dom, of whom about 12,000 come from independent 
, < membar countries and 18,000 from dependent terri- 


training colleges, for which already there has been 
demands for 300-400 places. 

Afterwards, in a written answer to a question in 
the House of Commons on May 27, Mr. Alport stated 
that so far some 350 applications had been received 
for bursaries under the schame described in the White 
Paper. ` The largest group would be experiericed 
teachers taking a wide range of one-year courses in 
educational theory and practice. ‘Another large group 
would be taking courses in technical teacher-training 
and other specialized. subjecta,: anda third group 
would be receiving courses of initial teabher-training. 
Tt was hoped that the first teachers would go overseas 
under the second scheme during’ the latter part of 
this year and that these teachers would cover a wide 
range of subjects. The United Kingdom authorities 
are at present assessing the needs of the overseas 
Commonwealth countries in the light of the informa- . 
tion so far received. 

Some misgivings were expressed during the debate, 
and again on May 28 in committee, when the estab- 
lishment of an Overseas Education Service was sug- 
gested, as to whether, in view of the diffloulty so far 
experienced m perbuading teachers already teaching 
in Britain to go abroad for a time, the scheme: is 
likely to succeed. Tt was emphasized, however, tHht 
the posts in question are key posta and in-plaocdq ` 
where recruitment is particularly difficult. Mr. R. 
Thompson, the Under-Secretary-of State for Comman- 
wealth Relations, replying for the Government, said 
he thinks it unlikely that the allowances would lead 
to anomalies or create a privileged group or an 
aristocracy among teachers :~the real safeguard, he 
said, lies in the eligibility.-of those returning at the 
end of a contract * for ‘ste-amployment under the 
scheme. Nevertheless, it was appreciated tbat, par- 
ticularly for senior university teachers, there are real . 
difficulties to be overcome-im regard to promotion 
prospects, and much will obviously depend on the 
interest taken in the scheme by the universities and 
the reality of their support in such matters. 

One point raised in the debate, by, Dr. Alan * 
Thompson, concerned the participation of the Union 
of South Africa. As Dr. Thompson remarked, the 
educational system of South Africa seems to be in’. 
conflict with -same of the objectives of the White ` 
Paper. Nevertheless, as was pointed out by Mr. 
I. F. à. de Villiers in Nature of March 26, p. 893, South 
Africa proposes to take part in both the Common- 
wealth Scholarship Plan and the Commonwealth 
firmed in the House of Commons (Nature, July 9, 
p. 118). Clearly, difficulties must arise, not simply 
because of the way in which apartheid is practised 
and the educational principles of the Act are violated 
in South Africa, but also quite as much through the 
rejection by the Union Government of the idea of 
university autonomy. As Sir David Eooles emphas- 
ized, this is partly a matter of creating an appropriate 
climate of opinion, not anly to ensure that those who 
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teach overseas suffer no professional handicap on 
their return, but also to help teachers who are 
seeking information before they go abroad and to 
keep local education authorities and the universities 
continually aware of what is going on and the various 
needs. Tn this connexion, Sir David indicated that 
something like ten vigite abroad a year fram members 
of the staffs of training colleges to enable them to 
familiarize ‘with the local conditions and 
needs of the teachets they are training in Britain 
are planned: . 

x Little was added`to all this in the debate in the 
House of Lords on May 30. In moving the second 
reading, the Earl of Home expreesed the Govern- 
ment’s appreciation of the co-operation which had 
been shown by the teachers’ representatives, by the 
local authorities, by the churches, and by the teacher- 
to make this scheme work. They had devised a draft 
- scheme of secondment to which the Government 
hoped all the education authorities would subscribe 
and which it hoped they would all adopt. Lord Home 
algo said that Dr. V. 8. Jha, lately vice-chancellor.of 
‘Banares Hindu University, would be the first director 
of the Commonwealth Liaison Unit. In both Houses 
‘of Parliament there was thus evidence of the imagins- 
tive response and enthusiasm for which Lord Home 
appealed at the time of the Conference last year, and 
that iw Parliament at least it is fully realized that 
assistance In‘ educational development is one of the 
moet’ important forms in which technical aid can be 
given to the under-developed countries, within and 
without the Commonwealth. 

Thi his anoir pa sepcanined aw anton 
tunately only too true, as the reluctance of the 
Federal Government to take over the Copperbelt 
Technical Foundation set ‘up three years ago by the 
Anglo-American Corporation and the Rhodesian 
Selection Trust shows. The second of these two 
mining groups was concerned with the great need to 
train Africans for more responsible work, but when 
the Technical Foundation was launched it admitted, 
> and still admits, Europeans only. When, during the 
copper slump, the Government of Northern Rhodesia 
‘was approached for a grant, it made such a grant 
_contingent on the Foundation becoming multi-racial 
-and admitting Africans, as the Rhodesian Selection 
Trust had desired from the start. The Federal 
Government made such a grant, however, without 
any conditions but did not desire to take over the 
running of the institution. The Government of 
Northern Rhodesia is debarred, however, from taking 
over the Foundation as it stands, because European 
education is a Federal responsibility ; but it could, 
and is willing to, do so if the Foundation is thrown 


ee ee eee 
Meanwhile, the importance of trained man-power 
t! generally and of technical education in particular in 
like territories is emphasized from one source after 
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another—by Mr. Kenneth Younger in his Sydney 
Ball Lecture at Oxford last November, and m a 


- subsequent book, by,.Dr. B. V.. Bowden, in articles 


on the universities’;fask in Ghana and on technical 
education there, based on his recent visit, and in the 
latest report from *fhe Colonial Development Oor- 
poration. Dr. Bowden believes, indeed, that if there 
were an adequate supply of technologista, Ghana 
need not look elsewhere for most of its professional 
administrators. He anticipates that if ita universities 
in the next few years can educate the scientists and 
technologists who are needed in ever-moreasing 
numbers as the country takes ite place in modern 
society, & vital intellectual stimulus would be pro- 
vided to both staff and studente, apart from the 
benefit of its impact on industry, and 
public health; but an essential part of that pro- 
PENT EE Scher ambianalge aercNoNriE 

, medicine and engineering, into the 
formidable technological programmes which oonfront 
the country to-day. 

In fact, however, Dr. Bowden regards technical 
education in Ghana as essentially a pyramid without 
a base, because there is no adequate provision for the 
education of the craftamen, charge-hands, foremen, 
under-managers, eto., wham the graduate engineers, 
for whom educational facilities are provided, will need. 
If Ghana is not to use most of its graduates as tech- 
nicians and clerks, he believes that country will need 
to spend very much more on non-university education. 
than it does on the universities, and it may well be 
that in this field of technical education the help 
which could be forthcoming through the schemes out- 
lined in the White Paper on Commonwealth Rducational 
Co-operation may be most valuable and most needed. 
Dr. Bowden refers, moreover, to the need for more 
opportunities for engineering graduates in Ghana to 
gain practical experience; and it would seam that 
his suggestion that the Government of Ghana should 
arrange for ite graduates to go abroad to join one of 
the great firms that have organized postgraduate 
apprenticeships for many years is st least possible, 
under the further measures contemplated in the final 


paragraph of the White Paper. 


THE GALATHEA EXPEDITION 


oe Report 

cientific Resulte of the Danish Deep-Sea Expedition 
ea the World, 1950-52. Edited by Dr. Anton 
F. Bruun, Captain 8v. Greve-and’ Prof. R. 8 
Vol. 1: Pp. 260+8 plates. 90 Dkr. Vol: 2! 
253-4 plates. 75 Dkr. Vol. 8: Pp. 87-85 plates. 
ae (Copenhagen : Galathea. oun _1956— 
1859.) 


UE Bpod od 
explored.” Asoortngy, tho main aima was t 

the main aim was to 
oe is an Pee ee 
grein a Buch deep regions, in the 
form of trenches, are found princi 
Indonesian area and in the Western Pacific Ocean. 


ts. 


.{ 


in the 


444 


These three volumes and the narrative published 
in 1956' contain ample evidence that this exacting 
task was socompli with conspicuous success. 
This work (and that carried out by the Russians since 
1949) has shown that the deep-sea trenches contain 
limited but distinct communities of invertebrates. 
Dr. Anton Bruun, the leader of the Galathea Expedi- 
tion, refers to such annals as the hadal fauna’. The 
recent dive of the U.8. Navy Bathyscaphe Trieste 
in the Challenger Deep (Marianas ) has now 
revealed that fishes may also range into the hadal 
regions. 

Most of the papers in these reports deal with groups 
of benthic invertebrates taken at depths beyond 
6,000m. (Volume 1: Actiniaria (Carlgren) ; hydroids 
(Kramp) ; ; Echmoidea, Asteroidea and Ophiuroides 
(Madsen); Holothuroidea (Hansen); Crinoidea (Gis- 
lén); Polychaeta (Kirkegaard); Isopoda and Tanai- 
dacos (Wolff).) Volume 1 also contains a full report 
on the deep-sea Ascidiacea (Millar) and papers on 
two bathypelagic groups (Vampyromorpha (Pickford) 
and whale-fishee (Rofen)). A complete account 
of the Pycnogonida (Fage) will be found in Volume 2, 
which also contains papers on free-livmg nematodes 
(Wieser) and on oertain new species. 

Considering only the papers concerned with animals 
from the hadal zone, nearly half the species (40 out 
of 87) have proved to be new. This certainly suggeste 
that the deep-sea trenches contain a special fauna, 
although certain contributors pomt out that this 
ides may need to be qualified when the abypeal regions 
of the deep-sea floor (2,000-6,000 m.) have been more 
thoroughly explored. The trophic structure of the 
hadal fauna also seems to be distinctive. It appears 
from these and Russian reporte that predatory animals 
such as the asteroid and ophiuroid echinoderms and 
the decapod crustaceans are scarce or absent in 
extreme oceanio depths. The greater part of the 
benthic biomas generally consista of the ocoze-eating 
holothuroid echinoderms. Where conditions favour 
higher rates of sedimentation, the particle-ingesting 
pogonophorans may be very abundant. 

The station list in Volume 1 will reveal that the 
expedition devoted much time to trawling and 


work is given by Kiilerich. Volume 1 also contains 
the results of two other important aspecta of the 
expedition’s programme, the measurement of oceanic 
productivity (8teemann Nielsen and Jensen) and the 
study of deep-sea bacteria (ZoBell and Morita). 

The radioactive carbon technique now widely used 
for measuring marine plant productivity was devel- 
oped just in time for the expedition. A full account 
of the method and measurements, which were made 
in all three oceans, is given, and the report ends 
with a comprehensive and valuable survey of the 
physical and biological background to oceanic 
productivity 


Deep-sea bacteria obtained from sediments m the 
tranches were found to look very like common soil 
forms, but were shown to grow preferentially or 
exclusively at the pressure and temperature of their 
environment. ZoBell and Morita calculate that tho 
carbon content of the standing crop of bacteria in a 
square metre of sediment (1 centimetre in thickness) 
is about 2 milligrams. Since marine bacteria are able 
to oxidize most kinds of organic matter, the authors 
suggest that these organiams may well be an impor- 
tant food source for mud-eating and filter-feedmg 
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superbly illustrated, detailed account of the anatomy 
of Neopilina galatheas by Lemche and Wingstrand, 
which takes up most of the third volume. The 
authors clearly show that this molluse belongs to the 
claas Monoplacophora, order Tryblidiacea, a group 

at the time of writing by two spocies, 
but otherwise known only as fossils in Cambrian, 
Silurian, and Devonian deposits. The metamerio 
repetition of organs, which ia most marked beyond 
the third retractor nerve, is well demonstrated. 
The systematic and phylogenetic mmplications of theae 
and other findings are to be considered in a later 
report. 

The last paper in Volume 8 is a short but interesting 
study by Munk of the par of plate-like head organs 
in the abyasal m; oni Gah, Ignove RUTAN. 
The cellular make-up of these structures plainly shows 
them to be modified eyes, a most curious transforma- 
tion, but one that may not be confined to the genus 
Ipnops. There is evidence that some parallel may 
be found in the eyes of the bathypelagio whale-fish, 
Ditropichthys storeri*. Oloser investigation of this 
species would now be of great interest. 

To conclude, these handsomely produced reporte 
are striking proof of what has been accomplished in 
oceanio biology during the past ten years. But they 
are also bound to be & measure of what remains to be 
done. The thorough, large-scale investigation ef 
the ocean that is now ired is beyond the resources 
of any single nation. It is to be hoped that inter- 
national effort, such as that being contemplated for 
the Indian Oceen, will meet this need. 

N. B. MARSHALL 
1 
Bruun, d A. at “al, The Galathea Desp a 1060-58, 
* Bram, A. F., Nature, 177, 1105 (1958). 
* Harry, È. B , Zoologioa, 37 (1), 55 (1052). 


STABILITY AND CONTROL OF 
FLIGHT 


Dynamics of Flight 

Stability and Control By Prof. Bernard Etkin. 
Wuey Books in Space Technology. Pp. xiv+6519. 
(New York: John Wiley and Sons, Inc.; London: 
Chapman and Hall, Ltd., 1969.) 1208. net. 


HIS is a modern treatment of the fundamental 

theory of the stability and control of aircraft. 
Performance and flutter issues have been specifically 
excluded. Numerical examples are used to illustrate 
applications and typical results. 

The reader is aasumed to be familiar with basic 
mechanics, asrodynamios and with complex numbers 
and differential equations. An appendix gives 4 
résumé of vector analysis. On this basis the static 
stability of an aircraft im rte equilibrium states 18 first 
analysed and the influence on the stability of various 
controls, eto., is discussed. The general equations of 
unsteady motion are then developed in a systematic 
way. The author starts with the aircraft as a single 
rigid body and then elaborates on the equations s0 
obtamed by adding in turn the effects introduced by 
the presence of spinning rotors, the control surface 
movementa and finally the effecte of elasticity in the 
system. An attractive feature of the tation, is 
the fact that from tme to time the is reminded 
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of the assumptions behmd the various seta of equa- 

tions by having these collected and listed for him. 

Each of the stability derivatives contamed in the 

_.general equations of motion is discussed next. 
“Hormulw for therr evaluation are given or, where this 

18 not poserble, the qualitative dependence of the 

derivative on the perturbation quantity is described. 

Three appendixes give about sixty pages of formule, 

tables and graphs relevant to stability derivatives, 

the standard atmosphere, mean aerodynamio chord 
and centre, eto. The data quoted are taken mainly 
from the National Advisory Committee for Aero- 
nautis Reports and Royal Aeronautical Society 

Data Sheets. The National Advisory Committee for 

Aeronautics notation of stability derivative is used 

throughout the book. The author directs attention 

to oertain differences in definitions used in Great 

Britain and the United States. 

In successive chapters the stabilty of small per- 
turbations in the longitudinal and the lateral motions 
is analysed using the differential form of the equa- 
tions of motion. Binoe the subject-matter of the 
remainder of the book can only be treated fully by 
the use of mathematical techniques based on Laplace 
transforms, frequency responses and random funo- 
tions, a chapter is devoted to an explanation of these 
techniques. Tho Laplace transform and frequency 
\response-approach is then used to study the response 

_,0f the aircraft to actuation of its control sur- 
U faces. 

«he next topic to be treated is that of flight in 
turbulent air, and here the approach is centred on 
analysis in terms of the power spectrum of the 
turbulence. 

On the assumption that the aircraft motion is 
known, there may be occasion to determine (a) the 
input action, given the sircraft parameters, or (b) the 
é parameters given the mput action. A chapter 
is devoted to such inverse problems. This is a topio 

of considerable practical interest and the value of 
the short outline given would have been greater had 
some notes been included on some of the practical 
difficulties involved. 

The last three chapters give the reader an outline 
of up-to-date applications and techniques by dis- 
cussing m turn, automatic stability and control by 
means of feed-back devioes, specialization, to mussiles, 
and finally the fundamentals of machine computation 
and simulation. These are brief but never- 
theless valuable introductions to very large subjects. 
This is a carefully prepared and well-presented book 
which covers a very wide field in & very competent 
manner, 


REFERENCE BOOK OF 
THEORETICAL PHYSICS 


Manual of Mathematical Physics 
By Paul I. Richards. Pp. xi+486. (London and 
New York: Pergamon Press, 1959.) 110s. net. 


Ta pera acre: “The goal of 
this book is to condense established theoretical 
physics, its applications and its mathematical equip- 
ment into @ single reference volume of reasonable 
size without sacrificing either logical continuity or 
fundamentals”. 

This seams to be a hopeless attempt. The book has, 
however, a distinguished German predecessor. “Die 


t 
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mathematischen Hilfsmittel des Physikers”, by E. 
Madelung, is & collection of formule and theorems 
concerning & wide field of advanced topics in theoreti- 
cal physics which for’ four decades has been of 
in lo assistance to research workers. The 
influence of Madelung’s work on the present book 1s 
obvious and beneficial,:but emphasis is now shifted 
to some extent from formuls to verbal argument. 

A ‘physics’ section covers claasical mechanics, 
electrodynamics and optics; thermodynamics and 
statistical physics; relativity and the quantum 
theory of matter and radiation. Both the general 
principles of the theories and their applications to 
special problems are taken into account. In addition 
a number of recent branches of theories are included, 
and circuit theory and other subjects of technological 
importance are added. A ‘mathematics’ section 
deals with the calculus, complex functions, series 
expansions and differential equations; integral 
equations and Hilbert spaces; modern algebra, 
vectors and tensors ; numerical methods, probability 
and lmear programming, to name the most important 
headings. 

It need scarcely be said that the accommodation 
of this vast amount of material is posmble only by 
very concise ing. This obviously renders the 
volume unintelligible to all but fairly expert readers. 
The value of the book should acoordmgly be 
assessed by ta possible use to competent research 
workers. 

This use is unfortunately somewhat limited because 
the presentation of the subject does not conform with 
the author’s claim in the preface. The ‘physics’ 
section does not show much logical continuity ; 
rather it would appear to be an assemblage of uncon- 
nected and incomplete statements. The shortage of 
space does not prevent the author from indulging in 
unnecessary verbosity whereby significant pointe in 
explanations are lost. 

The ‘mathematios’ section is on the whole better 
presented, but is burdened by numerous formule 
the origins, applicability and significance of which 
are not given. 1,200 words are used for the sub- 
section ‘signal flow diagrams’, which appears to be 
a method for solving simultaneous equations. I 
was unable to derive fram the text any instruction for 
operating by this method; nor is there any result 
shown from which the principles of this method could 
be mferred. Contour integration is dealt with in 
100 words, no result or example being presented. 
The Lebeaguse integral ia discussed in 250 words— 
which should be sufficient for a book of this kind— 
but no definition of that concept is included. There 
is an adequate table of Laplace transforms, but no 
corresponding table of Fourier transforms. These 
examples may show that also the ‘mathematics’ 
section is of limited use only. 

So far as the verbal text is concerned the book is 
scarcely any better than a list of technical terms of 

ical physics and applied mathematics. This 
shorteoming is all the more surprising as the author 
repeatediy shows that he has mastered the subject 
and would be capeble of saying much in few words. 
Presumably he believes that his source book is of 
interest to some class of readers, whoever thoy may 
be. 

If the book is regarded as a collection of formule 
it may still be useful to research workers. They may 
save appreciable time and effort if a formula can be 
found in the present volume and need not be searched 
for in some treatise. R. Ewsssomrre 
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EVOLUTIONARY DIVERGENCE: 


pon above the Species Level 
y Prof. Bernhard Rensch. Pp. xvii+419. (London : 
and Oo., Lid., 1959.) 68s. net. 


HE distinguished author of this book has long 

been known for his extensive studies an the island 
distribution of birds and other vertebrates, and of 
land snails. This work was done especially in the 
Malay Archipelago, on which he wrote a valuable 
treatise in~1986 (which for some reason he has 
omitted from the bibliography). It led him to take a 


became 

p BBR) corte E On TA DOER ie roe eS 
ipoe Aao A E segregation, 
if that is the right word, of higher taxonomic 
groups ` 


The German edition of “Evolution above the 
Species Level” was published in 1947, but enhanced 
in a later version in 1954, of which this English 


that the higher grades of phylogenetic branching 
be explained by the same orthodox beliefs about 
natural selection as can race formation and speciation. 
This involves him naturally in an all-out attack on 
such directional ‘theories as orthogenesis, which he 
takes considerable trouble to demolish. 

Prof. Rensch has an enormous acquaintance with the 
literature on evolution, moludmg many aspects of 
comperative anatomy and development, and he uses 
many different sectors of zoology as channels of 
argument, which are gradually united to try to 
prove the central theme. Although the general 

integrity of this sifting and assembling process is 

obvioualy high, there is a tendency to accept other 


testing 

Bingo E startled at being quoted in support 
of the view that there is no netural population balance 
in animal communities. The reader may perbape 
feel as if he were walking through a very well-arranged 
museum, in which the tickets on each exhibit Instruct 
him clearly what to believe. But the theories are 
por OTe ee and on the whole cogently. 

one believes mutation and natural selection to be 
the sole basis of race and 
of the b follows fairly convi 
Pua at Toa > woud 3 


powerfully 
could partly stand alone on its own merits. 

Two special chapters may be mentioned that are 
interesting, but alightly oub of the main stream of 
argument: one on the absolute rate of evolution in 
producing taxonomic groups of different levels (that 
is to pay, species, family, order), and another about 
the evolution of higher paychic proceases. But the 
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__ ain masnag is oontfänil]y harnmeroå tus “The 
f ti 


evolu: new structural types and of new organs 
needs'no qther explanation than specifo and generic 
differentiation, i.e. the combined effect of mutation 
and selection”.. The book is beautifully 
aa ae ce ee ot 

. Erron 


THE Two HEREDITIES ~ 


The Future of Man 
By Prof. P. B. Medawar. (The B.B.O. Reith Lectures,” 
1959.) . 128: (London : Methan ead Co; Ltd.;. 
1960.) 10s. 6d. neb. 
OOD lectures when published sien malko poor © 
reading. The 1959 Reith Lectures! make good ` 


ion”. The conciseness of expression 
and the balance of phrases in neat antithesis, qualities 
which make listening difficult, eee pene peasy 
and in scientific writing a rare merit. Explaining the 
concept of ‘fitnes’, for example, he writes: “AN 


the people alive 100 years from now will, bo our . 


descendants, but not all of us will be their ancestors” > 
The reader can pause and look again—and often will 
in reading this text: the spoken sentenod is past - 
Delo the Lenin 1A etare Sieh paces aportant 
has been said. 

The approach in the earlier lectures may hayat 
discouraged some of the leas-sophisticated among his? 
audience. ‘TI decided that these lectures were td* be 
about the process of foretelling (the future of man) 
rather than about what is actually foretold.” In 
each of various aspecte of forecasting human develop- 
ment, Prof. Medawar shows the complexity’ of the 
mechanisms involved. For example, am tho relation 


between i and fertility his legture opens 
with five le lanations of this relation and 
proceeds to to show that the inference of a decline in 


national intelligence is equally 
difficulties. But this kind of discipline in 
about the implications of the past 
research in human biology is precisely what is most 
needed. Since so few biologists have been willing to 
discuss their subject on this scale and in this strict 
oe abo pine ere agree alsa a rc ear 

E Pepega a See ee Sg wart aaa 
preserving an unfit population, that.birth control 
is bound to have evil conbequences, that the laws of 
genetics have an over-riding authority. The positive 
contribution of these lectures is in their demonstration 
of the muddled of the upholders of the 
doctrine of ‘geneticism’—“the ides that man’s genetic 
coustifalion ia nob merely ipartant but all por 
tant”. 

Do genetical laws set predictable limite to man's 
fature development ? This is the central theme of the 
lectures, and Prof. Medawar’s position is in sharp 


contrast to that of the older social biology. The , 


prospect entirely. This is really the inning, not 
RES oo copia epee Gs the eld it 


iby suggesia & ean oth 
discussed lecture of 1950, mio- Bede aa which 


‘ 
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showed. the need for merging, our two cultures, the 
scientific and the literary.’ Of recent years, the non- 
scientific world seems to be assimilating quite success- 
fully the simpler concepts of physics, but is still far 
ee ee ee ae 


if- the more recent developments óf- biology and 
‘genetics are to win their proper place in the general 
education and the intellectual culture of our popula- 
tion. ; : J. D. Nisper 


» * 


-BIOCHEMISTRY AND HEREDITY 


The Chemistry of Palatine: 
By Prof. Stephen Zamenhof. (Publication No. 365, 
American Lecture series. A Monograph on American 
Lectures in Living Chemistry.) Pp. xi+ 106. (Oxford : 
Blackwell Scientific Publications ; Springfield, IL : 
Charles O. Thomas, 1959.) 34s. net. 
T great and diversified scientiflo effort which 
wo sre witnessing to-day all over the world 
pas brought with it problems of communication. 
list of scientific journals bears witness 
to eae volume of publications by which scientists are 
ing to inform others of their discoveries. 
Such publications, however, may appeal only to 
like-minded specialista. Nevertheless, scientists of 
disciplines as well as medical practitioners do, 


general . Many of ite members have helped to 
finance “the enlightened of research grants 
in our country” to which Prof. Zamenhof so rightly 
pays tribute in the dedication of his book. In the 
choice and presentation of the material of this mono- 
graph the author has apperently tried to aim at the 
professing scientists, the medical readera as well as 
the curious but unqualified. 

In the introduction the author prepares the ground 


student is gently led towards the 
deoxynbonucleic acid is the most plausible carrier of 
heredity. Due weight. ia here given to the direct 
proof for this te where viruses are concerned, 
which Prof. Zamenhof puts beside the almost incon- 
trovortible but indirect evidence for the genetic ere 
of deoxyribonucleic nig in higher organiams. 
résumé of the structure of the nucleic acids is then 
followed by discussion of the implications of those 
biochemical experiments by which nucleic acids 
have been synthesised in viio. Under the heading 
“Mutation” the author regrettably only touches on 
hypotheses and on the genetic concept of caromo- 
genesis. Perhaps he wished to 


se hela chort for tho 
work so close to his own, promising field short for the 
sake of clarity. The facta of inheritance 


within the context of the hook. The remainder of 
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this monograph is concerned with research in bio- 
studies with micro-organisms 

hereditary defects m man. 
The reader is given a hint of the problems, theoretical 
and practical, which confront investigators in this 
field. 

Thin ian book thine dads bo nevdrnitiadded to seidatints 
and medical men who wish to widen their horizons, 
and to students providing they can persuade their 
library to buy it. The problem of how to present 
scientific facta, let alone the oo ies of the 
chemistry of , to the lay reader has not been 
brought closer to a solution by this volume. 

The book is well produced ; misprints are practic- 
ally absent, but the text gives examples of bizarre 
notions of how to divide words. ren 
bibliography should be useful to all alike. 

P. Comm . 


RECENT AMERICAN RESEARCH 
IN NEUROPSYCHIATRY 


Chemical and Molecular Basis of Nerve Activi 
By David Nachmansohn. Pp. xi+285. (New York: 
Academic Press, Inc.; London: Academio Prees, 
Ino. (London), Ltd., 1959.) 7.50 dollars. 


International Review of Neuroblology 

VoL 1. Edited by Carl O. Pfeiffer and John R. 

Smythies. Pp. xii+3888. (New York: Academic 
Inc. ; London: Academic Presa, Inc. (London), 

Ltd., 1959.) 10 dollars. 

Neuropharmacology 

Transactions of the Fourth Conference, September 25 

26 and 27, 1057, Princeton, N.J. Edited by Harold A. 

Abramson. Pp. 285. (New York: Josiah Macy, Jr. 

Foundation, 1959.) 5 dollars. 


HESE three books cover recent American, 
researches on various aspecta of the nervous 
system. The emphasis is on the nature of trans- 
mission, the chemical isolation of naturally occurrmg 
substances scrabble to have physiological or yah 
logical importance, and the effects of drugs. In each 
case, the publishers are to be congratulated on havi 
produced a handsome volume, well illustrated and 
carefully indexed. The bibliographies are 
With some qualifications, it may also be said that the 
authors, too, have given us something of which they 
may be proud. 
Naohmansohn’s book is the only monograph. It 
the resulta of nearly a quarter of a century’s 
work by the author and colleagues on the metabolism 
of acetylcholine and its associated enzymes. It is a 
well-written, interesting, and coherent account of 
the progress which has been achieved. Beginning with 
a discussion of the physical events during nerve- 
activity, the author successively deals with a 
thesis of chemical transmision, the high speeds 
at which hydrolysis can take place, and substances 
which are capable of inhibiting the enzymes of thia 
system. He goes on to describe the physicochemical 
exchanges in the electrio organs of certain fish, and 
then makes a bold attempt to define in detail the réle 
of acetylcholine in condustion. Here, there is a useful 
diagram +o explain the author’s views. The way in 
which nerve-gases, insecticides, and antidotes may be 
fitted into this scheme is next discussed. The book 
cloges with chapters on the complex nature of the 
changes in the permeability of conducting membranes 
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The editora of “The 
Neurobiology” write in their preface that their aim is 
to enable workers m many different, but related, flelds 
to keep abreast of recent advances. This book is 
composed of eight articles, each by different authors. 
The first two are mamly electro-physiological The 
third and fourth are neurochemical. The fifth is on 
the peychophysiology of vision, with pertioular 
reference to the effects of various stresses (for example, 
anoxia and induced hypoglyc#mia) and of a number 
of drugs. Tho last three articles are concerned with 
metabolic studies in disease. 

As ig almost mevitable with such a conglomeration 
of contributors, the merits of the articles vary a good 
deal. Tocoglarly mtean WUE MON rd Me 
the rhmencephalon and epilepsy, Catherine Hebb on 
chemical agents of the nervous system, and Carl C. 
Pferffer on parasympathetic humors. “The leest 
i ive were the last three articles, which attempt 
to relate producta of abnormal metabolism to schizo- 
phrenia and even multiple sclerosis. 

The volume enti ee 
the weighty disadvantage that it is an account, in the 
form of a dialogue, of a conference which waa held 
mare than two years before the book was published. 
For the reader to-day, it thus cannot altogether avoid 
the air of staleness which clings to an old newspaper 
discovered by chance in an attic. Such a document 
may, and often does, carry an absorbing transitory 
interest for him who vividly recalls the events de- 
soribed ; yet may altogether fail to bold the attention 
of those who have not any reason to remember. In 
addition, dialogue is a challenging form of literary 
endeavour. Perhaps even Plato's genius does not 
always avoid stultifying thought by irritating changes 
of direction, as the argument is developed. A modo 
of human communication which is mevitable, and 
indeed proper, in a oonference room too easily be- 
comes irksome if it is inscribed in print. . 

Dr. Fremont-Smith, in explainmg the scope of the 
book, makes a convincing plea for the usefulness of the 
conference which is reported; but admrts that the 
form of the publication has already given rise to 
criticism and that a few critios have stated that they 
would have preferred a ‘‘depersonalised summary”. 
If, by some device, the opening speakers bad been 
allowed in this volume to complete their themes 
unobstructed, as, after all, usually happens in con- 
ferences, there would have been leas reason, to object 
to a subsequent discussion. In this presentation, we 
are not even allowed a summary of the opener’s 
remarks. , 

Four subjects are discussed: (1) “The Effect of 
Respiratory Poisons and Anoxia on Siamese Fighting 
Fish in Relation to LS8D-25 Reaction” (Dr. 
Abramson); (2) “Clinical Studies with Taraxem”’ 
(Dr. Heath) ; (8) “ ‘Stop’ and ‘Start’ Systeme” (Dr. 
Lilly); (4) “Some Relations between Chemical 
Structure and Physiologic Action of Mescaline and 
Related Compounds” (Dr. Alles). 

Dr. Abramson’s article includes piscine illustrations 
which are intriguing, but his interlocutors are allowed 
to get at him too soon. Towards the end of his second 
page (p. 18), the dialogue runs as follows: 

“Abramson. I might add here that we have data 
on what the l-methyl and what the 1-acety] deriva- 
-tives of L,SD—25 do to man. 


NATURE 


August 6, 1960 vow 187 


Marrasm. You must have had a reason for nob 
usmg the standard presentation of the log of the doee, 
which would straighten out the curve. 

Abramson. I prefer to deal with the actual data 
rather than a log. 

a agtn: Are they log relationships or semilog 
plote ?” 

Thereafter, Dr. Abramson gets hounded, so to 
speak, from log to log or from plot to plot for several 
pages, before he or the scientific dogs who pursue him 
return to the absorbing human trail. 

Dr. Heath fails to inpress with taraxein. It is clear 
from the voices of the hounds after him that they 
fully realize that the scent which he is laymg is not 
absolutely reliable. 

Dr. Lily’s ‘stop’ and ‘start’ systems are of great 
interest. Electrodes accurately and 
implanted into the brains of monkeys enable him to 
define certain areas, the stimulation of which gives 
riso to characteristic behaviour. Moreover, the dogs of 
dialogue let him run longer distances before bringing 
him to bay. 

Dr. Alles gets the fairest start of all, and is 
extremely informative on the structure and action of 
phenylethylamines for 20 or 80 pages, before the 
peck catch up with him and pull him down. There- 
after, the run of the argument deteriorates, until he 
escapes with a second wind for five or mx pages 
towards the end. 

Thia book would have much to be said for it, were 
rt not for ite regrettable art-form. D. H. BRISTON e 


ADVANCES IN VETERINARY 
SCIENCE 


Advances In renner, Sclence 

Vol. 5. Edited by O. A. Brandly and E. L. Jungherr. 
Pp. xi+450. (New York: Academico Press, Ino. ; 
London: Academic Press, Inc. (London), Ltd., 
1959.) 14 dollars. 


‘HE fifth volume of “Advances in Vetermary 

Science” embraces seven chapters of varying 
interest to veterinary surgeons in Great Britain and 
Overseas. 

The first chapter, dealing with the examination of 
the eye and eye operations in animals, breaks new 
ground as well as consolidating knowledge gathered 
from & wide range of experience. Surgeons, especially 
those interested in amall-animal , will find in 
this chapter a wealth of valuable information. In 
the second chapter, ‘Q’ fever is dealt with in all ita 
aspects and, being a relatively ‘new’ disease, will be 
studied with more than topical interest by both 
medical and veterinary workers interested in public 
health. 

Rabies forma the subject of the third chapter. 
While it might have bean thought that ernie L 
about this, one of the oldest diseases known to 
mankind, was already understood, readers will find 
in this chapter much new mformatian on the diagnosis 
and control of the disease. New human rabies vaccines 
of duck-embryo and chicken-embryo origin are 
discussed and their promise in general use assessed. 
Of special interest to workers m Africa are the 
pear ie on eradication of the tsetse fly from Zululand 

that on, theilerioges. 

To those working m the North American continent 
the subject of infectious bovine rhinotracheitis, 
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which, is dealt with in the sixth chapter, will be of 

interest. The virology of this disease is dealt 
with at some length, and the i and funda- 
mental observations that viruses are able to mutate 
~. and modify their tissue affinity and host specificity 
“will no doubt be weloomed by many workers in this 


simultaneous vaccination of cattle against a number 
of viral diseases and the possible interference between 
viral agents in a mixed vaccine. 

The subjects embraced in this volume do not lend 
themselves to profuse illustration, exoept that covered 
by the first chapter, in which a number of excellent 
photographs and diagrams are supplied. The 
references and indexes are, as in the previous volumes, 
most com ive and leave nothing to be desired. 
This fifth volume is a worthy oompanion to its 
predecessors and will farther enhanoe both the 
academic and practical value of the series. 

H. Borrow 


FLORA OF THE ZAMBESI BASIN 


Flora Zambeslaca 

Morambique, Federation. of Rhodesia and Nyasaland, 
®echuanaland Protectorate, Vol. 1, Part 1. Edited by 
A. W. Exell and H. Wild. Pp. 836. (London: Crown 
Agents for Oversea Governments and Administra- 
tions, 1960. Published rece, Governments 
of Portugal, The Federation of Rhodesia and Nyassa- 
land, and the United Kingdom.) s. 


HE publication of the first part of the ‘Flora 
Zambesiaca’ is the first fruit of many years of 
and administrators of 


governments; the second part is already in the prees 
and should appear lster this year, 

The area covered includes the vast territories of 
Africa to the south of the former Congo Belge and Tan- 
ganyika, to the east of Angola and South West Africa, 
and north of the Union of Routh Africa, and, as is 
claimed in the introduction, the aim of uniformity of 
treatment within certain limits of freedam has been 
admirably attained. This im iteelf is a remarkable 
testimony to the practical uniformity of taxonomic 
methodology. In no family or genus treated in this 
first part is there any evidence of mere specimen—as 
distinct from species—deecription, but at the same 
time all the contributors have taken care to avoid 
inclusion of discontinuous variables in the same taxon. 

During the preperation of the work, all contributors 
have published necessary notes, nomenclatural and 
taxonomic. in a series of papers in the Bolstim da 
Sootedade Brotertana ; there are only four ‘new’ names 
in the Flora. The introduction is printed in English 
and Portuguese and the glossary, adapted from that 
of the “Flora of West Tropical Africa’, although 
arranged according to the English entries, includes 


ortuguese 

has been produced by Mowing 
Pee and adapted from, Hutchingon’s ‘Families 
of Flowering Planta”. The second edition of the latter 
was not available when the key was prepared. The 
key occupies twenty-four pages, and Portuguese 
readers may think that a version in their language 
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might be an improvement, though it is understood 
that the English key has been reprinted and haa 
found a ready market among them. 

The general text follows the well-tried system of 
Bentham and Hooker, with some modifications. The 
gymnosperms, by J. Lewis, with two genera and six 
species of oyoads, two species of Podocarpus and one 
each of Widdringionta and Juniperus, presented no 
great taxonomic difficulty, but a uniformity of treet- 
ment with that of Melville in the ‘Flora of Tropical 
sh Aa E SE ar a The two terts 

were prepared independently, one at the British 
Museum and one at Kew. The treatment of the 
Ranunculaceae by Exel and Milne-Redhead is 
essentially the same as that of the earlier flora, same 
of the errors of the latter bemg now oorrected. 
Dr. Robson is to be congratulated on his bold treat- 
ment of the difficult family Annonaceae. There is 
no evidence that his new synonymy is too extensive ; 
tt is a clear testimony to his examination 
of all relevant available literature and specimens with 
a view to determination of real specific limita and 
intraspecific variation. The same author is also 
responsible for the family Violaceae. The Menisperm- 
aceae, by Dr. G. in, follow the same 
pattern as the same author’s treatment of tho family 
in the “Flora of the Belgian Congo”, but he has not 
been afraid to introduce improvements and correc- 
tions wherever these have become necessary. 

Of the other larger families included in the present 
aes De Ee ig i a ea 

and Flacourtiaceae by Dr. Wild, and Cruciferae and 
Polygalaceae by Mr. Exell. Other contributors are 
Dr. F. A. Mendonça (Nymphseacese), Mr. P. Taylor 
(Resedaceas) and Dr. G. Cufodontis 

Several artists have contributed to the 58 pletes of 
very fine line drawings illustrating no fewer than 
(It should be noted that the figure and 


ve bean 


Tropical Hast Africe”. All of them are well chosen, 
beautifally executed and printed and should help con- 
siderably in generio identification. The coloured front- 
ispiece depicting Cleoms diandra Burch. is & most 
satisfying picture ; it was adapted from a field water- 
colour sketch made by the late Mra. E. J. Lugard 
(not “H. E.” as in the legend) when she acoompani 
her husband on his expedition to Ngamiland in 1898. 
One could wish that Mr. Exell’s acoount (pp. 
23-34) of the history of botanical exploration in the 
area had been much more extensive. Although 
detailed itineraries such as that given for Sir John. 
Kirk by Miss Hayes (pp. 85-87) may be unnecessary, 
more details concerning other collectors would have 
been of considerable interest and permanent value. 
One feels that undue attention has been given to 
limiting the size of this part, without due regard to 
the possible value of recording much of the biblio- 
graphical and biographical repeerch which the oon- 
twibutors must have carried out. In view of the fact 
that the complete Flora will run to some thousands 
of pages, the editors might well have used more than 
a mere 78 pages for introductory matter which 
includes title-page, preface, glossary and key to 
families, as well as a brief selected bibliography and 
list of abbreviations. An opposite policy has been 


450 


followed by the editors of “Flora Malesine”, m whioh 
some hundreds of pages have been devoted to 
introductory matter in each of the two volumes so far 
published. It is understood, however, that Mr. Exell 
proposes to rectify this in a separate work. 

The lay-out of the general text is a compromise 
between completenses and utility. The descriptions 
of families, genera and species have been pruned to 
essentials, with emphasis on characters that are re- 
garded as diagnostic for each category. References 
to the lterature are also pruned to avoid mere repeti- 
tions ; in the case of genera only the original place of 
publication is given, though many readers might 
have been pleased to have also a reference to & 
recommended later work. No reference at all is grven 
for familes. Specimen citation also is limited to & 
single specimen from each of the large sreas marked 
on the folded map provided in a oover pocket, and 
this is followed by a brief indication of total distribu- 
tion and habitat. 

Dichotomous keys to genera and to species nged to 
be tested over a long period before ther true value can 
be assessed, but it 18 usually possible to estimate their 
workability by mspection. In this Flora considerable 
pains have been taken to use absolute contrasting 
characters ; mere size differences have been used but 
rarely. Such treatment inspires a confidence which 
in the tests I have made has been shown to be well 
founded. 

The text and illustrations have been carefully 
edited, and typographical errors are few and unimpor- 
tant; even on p. 882, where the two lines appearing 
at the top of the page have jumped from the bottom, 
no inconvenience will be caused. The book is dedi- 
cated to the memory of the pioneer collectors in the 
area, Loureiro, Baines and Kirk. Everyone con- 
cerned is to be congratulated on the production of & 
really useful modern Flora. A. A. BuLioox 


CELLS AND THEIR ENVIRONMENT 


Cell, Organism and Milleu 

Edited by Prof. Dorothea Rudnick. (Seventeenth 
Symposium an the Society for the Study of Develop- 
ment and Growth.) Pp. v-+336. (New York: The 
Ronald Prees Company, 1959.) 8 dollars. 


The Relatlonshlp between Nucleus and Cytoplasm 
Proceedings of the Symposium held June %13, 
1958, at l'Université Libre de Bruxelles, Belgium. 
. Edited by Dr. R. J. O. Harris. (Experimental cll 
Research, Supplement 6.) Pp. viii+276. (New York : 
Academic Press, Ino., 1959.) Cloth bound 12 dollars ; 
paper bound 10 dollars. 


HE value of symposia increases with the amount 
of o ization and mtegration of the topice 
which are di and, all too frequently, so-called 
symposia become exeroismg grounds for well-tramed 
hobby-horses. In “Cell, Organism and Milieu” are 
gathered together ten. given at the seventeenth 
symposium of the Soviety for the Study of Develop- 
ment and Growth. Certainly the papers all deal with 
aspects of development or growth, but that is almost 
the ing and the end of their connexon with 
each other. The book has little more coherence than a 
aingle volume from almosb any scientific journal. 
Individually some of the papers are of great mterest, 
but it is unlikely that they will all appeal equally to 
any one reader. 
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A review article on the physiology and biochemistry 
of the mammalhan blastocyst ruba shoulders with 
papers on auxms in relation to frurt-growth and on 
polyploidy in root development. The first paper in 
the symposium, by Wilde, makes some attempt at a 
synthesis of the actions of some of the Internal and 
external biochemical factors on the behaviour and 
development of ocells, and the article ends with a 
description of the remarkable formation of hybrid 
multinucleate muscle fibres by the fusion of the cyto- 
plaams of mouse and chick myoblasts. Hoffmann— 
Berlmg directa attention to the similarities and differ- 
ences among the various cellular elementa responaible 
for muscular contraction and other forms of cell 
movement, and emphasizes by models the universality 
of the relationship between adenosine triphosphate 
and contractile protems. The problems of contraction 
and the control of contractile proceases are taken up 
again by Caapo in relation to uterine muscle. This 
Involves a discusmon of the actions of the gonadal 
steroids on the cell membranes of the uterine muscle. 
Moog continues with a discussion of the action of 
cortisol on the development and activity of phos- 
phateses, and Schneiderman and Gilbert make the 
suggestion that the ‘juvenile hormone’ in insect 
development 1s & steroid. Finally, a paper by Loomis 
emphasizes how science advances in water-tight 
compartments. The importance of carbon dioxide 
tension has been part of the stock-in-trade of 
mammalan physiologists since the days of J. 8. 
Haldane, Sir Joseph Barcroft and L. J. Henderson, 
Its importance is now emphasized m relation to 
the growth and development of Hydra and other 
organisms. , 

“The Relationship between Nucleus and Cyto- 
plasm” agam emphasizes the diveraity of approaches 
to a subject which might at first sight appear to be 
more restricted. The twenty papers range from a study 
of truth and artefact in electron-mi hs of the 
nuclear membrane and the mitotic spindle 3 
and of the various oytomembranes and their 
associated granules (Bernhard), through the fascinat- 
ing story of the injection of ordered genetice material 
mto bacteria during the mating process of Lecherichia 
ool (Jacob), the resulta of the transfer of nuclei of 
different ages of embryo (Fischberg, Gurdon and 
Elsdale) and of different species (Moore) to enucleate 
ova, to studies of the different cytochemically dıs- 
tinguishable constituenta of the nucleus durmg 
development and in different functional states of a 
wide variety of cells (Alfert). Other papers include 
one on the use of autoradiographs to determine the 
pattern of keratin synthesis in an epithelium by the 
use of sulphur-35-pu-cystine, in which there is some 
evidence that the nucleus 1s the first part of the cell 
to be involved (Pelo), another on their use in the 
synthesis of chromosome material (Fioq, Pavan and 
Brachet), and another on the use of chromatography 
to determine the patterns of amino-amds which 
develop in normal sea-urchin embryos and in those 
resultmg from interspecific crosses. In the last, the 
amino-acid pattern is shown to be primarily maternal, 
even though paternal morphological characters may 
have appeared. 

The dominant note which resounds: from both 
symposia is that cellular behaviour and develop- 
ment result from a very intimate mter-relationship 
between nucleus, cytoplasm and environment, and 
that cells can no longer be regarded as bemg 
dominated entirely by nuclear influences. z 

E. N. Wormen 
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cae and Droplet Growth In Gaseous Media 
A. Fuchs. Translated from the Russian by 
7M Pate. Edited by Dr. R. 8. Bradley. Pp. 
vii+72. (London and New York: Pergamon Press, 
1959.) 80s.; 5.50 dollars. 


PLET evaporation in gaseous media is 
im in & wide range of problems such as 
the formation of oloud droplets, the evaporation of 
fuel in the internal combustion engines and im 
particular in fogs and atmospheric pollution. This 
book is a translation from & Russian by N. A. 
Fuchs, who himself has made most important oon- 
tributions towards this subject. The treatment is 
largely mathematical, but a particularly valuable 
aspect of the work is the critical review of the whole 
of the experimental work in this field. 

Fuchs considers evaporation and droplet growth in 
three chapters, of which the first is concerned with 

which are motionless with respect to the gaseous 

ium and thus no hydrodynamic factor is present. 
Chapter 2 deals with drops moving in relation to the 
gaseous medium—described as quasi-stationary evap- 
oration—while the final chapter deals with non- 
stationary evaporation of drops in, which the droplet 
is moving about in the gaseous medium. 

_In the first chapter, the basis of the theory is that 
put forward by Maxwell in an article on diffusion 
written in 1877 for the ‘“Enoyclopsedia Britannica”, 
and from this a rate of evaporation equation is 
edeveloped. The influence of the Stefan flow on the 
rate of evaporation of drops is discussed, and also 
the influence of concentration change at the surface 
on the rate of tion. The fall in temperature is 
next dotinidared both for freely evaporating dropa 
and for supported evaporating drops with a very 
complete review of the imental work.. 

As regards evaporation and the growth of 
moving relatively to the medium, Fuchs used 
relationship which has been developed between the 
Sherwood and the Reynolds and Schmidt groups and 
discusses the effects of the diffusion and the rate- 
boundary layers. F. H. GARNER 


Boundary Problems In Differential Equations 
Proceedings of a Symposium conducted by the 
Mathematios Research Center at the University of 
Wisconsin, Madison, April 20-22, 1959. Edited by 
Rudolph E. Langer. Pp. x+324. (Madison, Wiss. : 
University of Wisconsin Press, 1960.) 4 dollars. 

HE Mathematics Research Center of the United 

States Army, founded in 1957, is directed by 
Prof. R. E. Langer of the University ofWisconsin ; 
it has its permanent home in a new building in the 
center of the campus of that University. The scientific 
staff of the Center, ing about thirty, consists 
in the main of mathematicians (not all American 
citizens) on leave from other institutions, who are 
free to work in any fields they please, though they 
may be called on by the U.8. Army for professional 
advice. 

The principal interests of the Center are in numeri- 
cal analysis, statistics and probability, analysis and 
classical applied mathematics, operations analysis. 
To imorease interest in these fields, the Center held 
a three-day symposium in, 1958 on numerical approxi- 
mation, another in 1959 on boundary problems in 
differential equations, and proposes to hold more 
on similar subjects. The papers read at the 1959 
symposium are now available in book form. Be- 
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cause of the shortage of time, the field of discussion 
was restricted to boundary problems for ordinary 
rate aha differential equations. Even though 

value blems were excluded, the field is 
very wide. nineteen papers, six of which were 
given by visitors from Europe, differ greatly in out- 
look. deal with numerical methods, others are 
m the strict tradition of classical analysis ; a few made 
use of the more modern approach using fhred-point 
theorems for operators on a topological space. 
While some of the work baa been published in more 
detail elsewhere, the book is, nevertheless, a useful 
addition to the literature of differential equations. 

E. T. Corson 


Topographical Anatomy of the Dog 


By Dr. O. Oharnock Bradley. Sixth edition, revised 
by Prof. Tom Grahame. Pp. xiv+832+431 plates. 

and ‘London: Oliver and Boyd, Ltd.. 
1959.)° 86s. net. i 


HIS well-known, book, now in its sixth edition 

has retained its easential character as a systematic 
guide to the dissection of the dog. The general plan 
consista of a description of the various anatomical 
regions, including short, easily followed, dissection 
instructions. Thereafter the spinal cord, brain and 
lymphatic system are described, and finally useful 
tables of arteries and cranial nerves are added. The 
nervous system has been elaborated in the present 
edition, and there is an excellent brief account of the 
autonomic system. The text is concise and easily 
followed, ard there are numerous illustrations, many 
of which are in colour. There is also a considerable 
number of radi hic plates of high quality, in- 
oluding several excellent jected specimens. 

Prof. Grahame has to be congratulated for success- 
fully revising this work to meet the requirements of 
modern vetermary practice, and there is no doubt 
that it will retain its established position as an 
essential text-book and guide to dissection. The 
book is very well produced, and the publishers are 
also to be congratulated for the high quality of their 
work. T. Nroon 


Ecological Processes ' 
By Dr. Alan Mozley. Pp. xi+68. (London: H. K. 
Lewis and Co., Ltd, 1959.) 9s. net. 


HE title of this book somewhat belies its contente. 

Far from bei a generalized account, it is 
concerned with a few specific ecological problems 
considered mainly in the light of their mfiuence 
on molluscs. These problems include certain aspecte 
of ecological succession, population ecology and 
animal movement. The length of the book (68 
pages) gives a fair indication of the depth of treat- 
ment: the text is almost entirely descriptive. Var- 
ious references to other works are included, but these 
are few in number and scarcely make up for the general 
superficiality of the h It is somewhat surpris- 
ing to find that the splendid work of Goodbart, Cain 
and Sheppard on populations of Cepasa is not even 
mentioned. 

All things considered, it is a little difficult to see 
what prompted the writing of this book. Nor does 
the author's final ‘‘conclusion” help to throw much 
light on the matter—‘‘study the ecological organiza- 
tion of the community, then alter it. In other words, 
study the ecological processes, plot their course, and 
modify them aa necessary”. W. H. DOWDESWHEHLL 
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THE INTERNATIONAL CO-ORDINATION OF TIME 
SIGNALS AND STANDARD FREQUENCY TRANSMISSIONS 


By Da. L. ESSEN, ©.B.E., F.R.S. 
National Physical Laboratory, Teddington, Middlesex 


T was announced recently that plans have been 
made to co-ordinate the time-signals and standard 
frequencies transmitted in the United Kingdom and 
the United States. Such co-ordination has become 
possible as a result of the steady and remarkable 
developments m the precision of time-keeping which 
have taken place during the past decade.. A recapitu- 
lation of ee developments will show how coo- 
ordination has now become possible and why it will 
be advantageous. 


Observatory Time Signals -. 


Time signals have been transmitted from powerful 
radio stations for more than thirty years. The Royal 
Greenwich Observatory signals, for example, are 
transmitted from Rugby on & number of wave- 
lengths. consist of æ five-minute series 
of seconds dots from 0955 to 1000 GM.T. and 
from 1755 to 1800 G.M.T., the minute signals bemg 
lengthened for identification purposes. Such signals 
serve two functions. They give the time of day, which 
is a measure of the position of a pom on the Earth’s 
surface relative to the Bun, and also the unit of time, 
which is required for a wide field of physical measure- 
ments. The determination of time and the unit from 
astronomical measurements are complex processes. 
The observations need to be amoothed by means of 
clocks, such as quartz clocks, and many corrections 
have to be applied. The exact times represented by 
the signals oan only be published m retrospect ; the 
final values are to some extent an estimate, depending 
on, judgment, and they are not i 
the same for all observatories. Nevertheless, the unit 
of time has for many years been known to about 1 part 
in 10*, or 0-001 sec. per day. 


Standard Frequency Transmissions 


Frequencies cannot easily be measured by means of 
the ordinary time signals. For example, if the seconds 
dots are accurate to 1 m.seo. it would be necessary 
to count vibrations for a whole day to obtain their 
frequency with an accuracy of 1 part in 10*, which is 
the order of accuracy now ired in the control of 
radio stations. Standards of are therefore 
maintained in continucus operation and calibrated m 
terms of time signals extending over periods of 
months. Any other frequency can be measured in 
terms of the standard by simple techniques, which 
give a high precision in a short time. For example, 
two frequencies of nominal value 10 o.js. but 
differing by 1 o./8. can be compered with a precision 
of 1 part in 10* in a measurement time of a few 
seconds. 

Standards of frequency have become elaborate 
pieces of equi bt requiring careful maintenance, 
and there are therefore good grounds for making tham 
serve a wide area by means of radio transmissions. 


Experimental transmissions were made in both Great 
Britain and the United States in the period between 
1920 and 1930, and at the International Telecom- 
munications Conference in 1947 the frequencies 
2-5, 5, 10, 15, 20, and 25 Mo./s. were allocated to 
standard frequency services. There are now a number 
of continuous programmes of transmissions on some 
of these frequencies, the best known of which are 
those from Beltesville (near Washington, D.O.), 
having the call sign WWF, and from Rugby, having 
the call sign MSF. Such transmissions have been 
actively encouraged by the International Union of 
Scientific Radio with the ultimate object of giving a 
well-received signal anywhere in the world at any 
time. 

The carrier frequencies are controlled by a standard 
of frequency and various modulation tones are added. 
It is generally found that the most useful of these are 
the 1-seo. timing pulses consisting of 5 cycles of a° 
1,000 oc.js. tone obtained by dividing the frequency 
of the standard. The seconds intervals thus represent 
10 cycles of the standard (when as m Britain it 
consists of & 10° o./a. quarts oscillator) and they can 
under good conditions be read with a precision of 
10 psec. 


Doppler Effects and Very Low Frequency Trans- 
missions 


The full accuracy of the transmissiona in the 
allocated high-frequency bands is obtained only in the 
small areas near the transmitters where the ground 
wave is received. At greater distances, where the wave 
is received after reflexion from the ionosphere, the 
received frequency may differ from the transmitted 
frequency by as much as several parts in 10’ owing to 
Doppler effect changes caused by movements of the 
reflecting layers'. The effecte are particularly severe 
at sunrise and sunset, and are least when there is a 
complete daylight path between the transmitter and 
receiver. 

It is known that the propagation conditions for 
very low frequencies are relatively stable, and a 
transmission of 60 ke./s. was added to the MSF 
(Rugby) programme in 1951. In early measurements 
1t was shown to have a stability of +3 parts in 10° 
at Teddi (distance 120 km.), and Pierce? later 
estimated that the average frequency for the whole 
transmission period of 1 hr. was accurate to +3 parte 
in 101° at Cambridge, Mass., U.S.A. (distance 5,200 
km.). 

In view of these encouraging resulte, the Post 
Office Hngineermg ent controlled the carrier 
frequency of the powerful GBR 16 ko./s. transmitter 
from the quartz oscillator used for the MSF trans- 
missions, and the received from this station 
have been studied in detail by Pierce’. He concluded 
that the Doppler shifts at sunset and sunrise were 
about 2 parte in 10°, and that in the daytime the mean 
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Doppler shift is probably less than 1 part m 10%. 
Somewhat greater Doppler shifts were, however, 
found with this transmission received in New 
Zealand. 
At the beginning of 1960, a stable very low 
tranmnittber was put into operation by the 
United States. This is a station at Summit m the 
Canal Zone with the oall sign NBA and a frequency 
of 18 ko./s. Precision measurements can now be made, 
therefore, on signals croesing the Atlantio fram west to 
east as well as from east to west. 


The Atomic Clock 
The high accuracies achieved over great distances 
using very low frequency transmissions were at first 
only accuracies of comparison, absolute values being 
limited by the uncertainty of the value of the unit of 
time. This situation was changed by the introduction 
of the atomio clock‘,*, which enabled frequency and 
time intervals to be determined and made imme- 
diately available with an accuracy of +2 parte in 
10'*. It thus became possible to express frequency 
and time directly in terms of an atomic constant. It 
is obviously important to ascribe a value to this 
constant which makes the unite of atomic and 
astronomical time agree. The variations of the mean 
solar second (or, more precisely, the unit of the time 
system U.T.2) are, however, more than a hundred 
times greater than the acouracy already achieved 
with the atomio standard, and a more important 
is therefore that between the atomic 
standard and the second of hemeris Timet”. 
This has been determined by a joint ore 
between the U.S. Naval Observatory and Nana 
Physical Laboratory extending over three years, 
the value for the ceaium F,m (4,0) = am an 0) 
resonance at zero field is 9 192 681 770 + 20 0./s. The 
cæsium standard can, be used with the precision of 
+3 0./a. and the above value of frequency with these 
closer limits is being used as a unit of atomic time, 
although a value must ultimately be adopted by 
international . Corrections for time signals 
in terms of a soale of atomic time have been published 
by the U.8. Naval Observatory since January 1957. 


Co-ordination of Time and Frequency Services 


As we have seen, the two kinds of service were 
developed independently to serve different purposes, 
but the 1 o./s. pulses on the standard frequency 
services became i y used as time signals and 
the times of the leading edge of the pulse in terms of 
U.T.2 were therefore published by the observatories. 
There were thus in the United Kingdom, for example, 
two systems of time signals in operation, and it 
would clearly be advantageous to the user if they 
could, be co-ordinated. Such co-ordmation, however, 
resented some difficulties because the second of 

is ‘Time, on which the frequency trans- 
volssions are based, differs consi: from the unit 
of the scale of uniform time (U.T.9), on which the time 
signals are based. This problem was discussed at the 
General Assembly of the International Astronomical 
Union at Moscow in 1958, and a method suggested 
there was put into operation on MSF (Rugby) in 
April 1959 (ref. 9). The frequency was offset by — 170 
parte in 10'*, the differance between Ephemeris Time 
and U.T.2 during 1958. Since the offset was previously 
announoed, it presented no inconvenience to those 
wanting the time intervals in Ephemeris Time, or 
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atamic time, and the 1 c./a pulses remained fairly 
close to U.T.2. 

The co-ordination was taken a stage further in 
April 1959 through the co-operation of the Royal 
Greenwich Observatory, the Post Office Eingineermg 
Department, and the National Physical Laboratory’’. 
The 1 o./s. pulses from the MSF quarts standard are 
now used to generate the Obeervatory time signals, 
so that all the signals from the United Kingdom 
mark identical intervals of time and, apart from the 
slightly different delay times in the control circuits, 
are socourately in synchronism. If the difference 
between the unite of Ephemeris Timo and U.T.2 is not 
equal to the predicted value, there will be a cumulative 
deviation from U.T.2 of the time pulses on all the 
services. These deviations will be removed by a step 
adjustment of 50 m.sec. made at 0000 G.M.T. on the 
first of the month. It is not anticipated that there 
will be more than ane or two such adjustments per 
annum, and they can easily be taken into account in 
the determination of atomio time. 

Similar steps have been taken to co-ordinate the 
time-and cae ea services in the United States“. 


L 


" International Co-ordination 


It would be a great oonvenience to users if there 
could be a single service having a world-wide coverage; 
but although this is approached by stations such as 
GBR, the hi precision is obtained only when 
there is a daylight path between the transmitter and 
the receiver. A number of stations spaced at, say, 
120 degrees of longitude around the Earth and all 
having exactly the same frequency and sondig 
1 o./s. pulses with a fixed phase relationship wo 
resemble a single station and would overcome ihe 
Doppler affect at sunrise and sunget. 

If the controlling standards are governed by a 
cæsium atomic standard, it should ultimately be 
possible to ensure that-the frequencies are equal to 
within +1 part in 10°, but at present they may 
differ by a few parts in 10'*. The authorities in the 
United Kingdom and the United States will remove 
any sach difference by mutual agreement. 

The propagation time of the time signals makes it 
impossible to synchronize them at every point. It 
has been agreed, however, that the times of emission 
should be the same. If, for example, a step adjust- 
ment is found to be necessary, it will be made at an 
agreed time and by the same amount. 

The experimental co-ordination now in progress 
will reveal any small residual propagation errors 
and give valuable information on the feasibility of 


providing time and frequency services which can be 
utilized ughout the world without the application 
of subsequent corrections. 


This article is published by permission of the 
Director of the National Physical Laboratory. 
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THE NATIONAL PHYSICAL LABORATORY 


HE work of the National Physical Laboratory, 

on show to visitors from industry, the universities 
and Government May 25-26, 
covered a wide field in basic, chemical and engmeering 
physics, metallurgy and mathematics. Items of both 
fundamental and applied research in all these branches 
were displayed. 

The Laboratory is best known for its work in 
establishmg and maintaining the fundamental British 
standards of various physical quantities, but in fact 
this only accounts for a small proportion of the total 
effort, and much of the work of the nine scientific 
Divisions is concerned with basic research on topics 
of immediate or potential value to industry. 

The subject of noise measurement, for example, is 


becoming of publio importance, and m the Applied 


Physica Division the problem of predicting the rela-' 


tive annoyance of sounds to the average listener is 
aoa ene For traffic noise a sound-level meter, 
one, amplifier and output meter, and 
ait tho aut Gate eaneee Govaed Ty a ecienty 
weighting arrangement, is likely to be the subject of 
an international agreement. Such a method is, how- 
ever, & oom between accuracy and expediensy. 
Work at National Physical Laboratory shows 
that the meter agrees with subjective measurements 
only within a restricted frequency-range. Subjective 
records of aircraft noise, made st last year’s Farn- 
borough Air Show, showed that for a given loudness 
a large number of observers judged a jet plane to be 
more disturbing than a piston-engined machine. This 
result could only have been predicted by a method 
of sound, analysis requiring @ number of different 
noise groupings, and therefore too elaborate for 
general practical testing. Work is also in to 
establish an International Standard for the normal 
threshold of hearmg, the first necessity being an 
agreed design for a pure-tone audiometer. 
In most fields the aim of research is to eliminate 
the subjective judgment, and in the Autanomics 


vious systems for doing this have relied on a 
comparison of the specimen with ideal letter forms. 
In the exhibit, however, the degree of register 
between the unknown and its own image is oon- 
tinuously measured (a) in a rotary, and (b) in a 
transverse soan, by a light-transmission system. The 
output from a photocell then gives a characteristic 
wave-form for each character. 

The possibility of an ultra high-speed computer is 
dependent upon reducing the switching-time in the 
individual apie and work on oryotrons at liquid- 
helium turo was shown. These devices 
depend on the difference in temperatures at which 
ies tubule Sianehla: “Ge tie cabe lead aad “En, 
become superconducting. The magnetic field set up 
by a current thro 2. one of them restores resistivity 
in the other. i times as low as 10-* sec. have 
been recorded. The Se ey eee 
evaporation as in printed circuit ques, silicon 
monoxide being laid down for mtermediate insulating 
layers. The main problem is to achieve reproducibility 


in performance for large numbers of a single design. 
A possible computer elament embodying about 170 
oryotrons on a sheet 5 in. X 24 in. was shown. 

Operation of the Laboratory’s existing computer 
facilities, Ace end Deuce, is m the hands of the 
Mathematics Division, and several excellent examples 
of fruitful collaboration with other Divisions were 
displayed. For example, a statistical analysis of 
performance and design data from trawlers at sea, 
collected by the Ship Division, has been made on 
Deuce. As a result, six parameters have been 
defined, from which it is possible to predict the 
effective horse-power-speed curve for a given design. 
Trawlers have already been built moorporatmg 
improvements indicated by these same parameters, 
and these have shown outetanding rough-weather 
performance. In a similar way, improvements of 
10-20 per cent in resistance have been obtained in 
the case of models. Computer work is also being 
done on curve-fitting to the hull surface of a ship, 
with the view of eliminating the full-scale fairing of a 
ahip’s lines on the mould loft floor. 

The behaviour of ships in rough sea conditions is 
also being studied in a 100-ft.* sea-keeping basin af 
the new Ship H; ics Laboratory at Feltham. 
A 10-ft. radio-controlled model of a trawler design 
was shown in operation at speeds up to 10 ft. per sec. 
in & wave from a wave-maker along one aide 
of the basm. Ultimately, it is intended to fit a 
transverse wave-maker for the generation of confused 
sea states. The model makes simultaneous records— 
film or digi roll, pitch, heave, torque, time, 
thrust, shaft speed, helm and heading. At the same 
time, the position of the model is fixed by means of 
an. ultrasonic pulse, which by time of transit gives a 
bearing to three shore stations. 

The Aerodynamios Division, m addition to funda- 
mental work on high-speed flight, also devotes a oon- 
siderable effort to industrial aerodynamics, and a 
low-speed wind tunnel, with 7-ft.* section and a 
balance for simultaneous measurement of pitching, 
rolling and yawing, has been converted for such teste. 
The phenomenon of ‘vortex shedding’ can, at par- 
ticular wind velocities, lead to oscillations 
of structures, and models of two tall chimneys were 
shown in an airstream. One of these was fitted with 
three helical streakes and the oscillation was shown 
to be elimmated. A similar type of problem is the 
oscillation of banks of parallel tubes such as heat 
exchanger tubes in a high-velocity gas stream. By 
means of films of a scale model of such a bank, 
studies have been made of the nature of the oscilla- 
tion and rte relation to various parameters. 

A model of a single span of the propoded Severn 
suspension bridge was shown under test. The design 
is one of sev: possible ones which are being tested 
for compatibility between. simplicity of construction 
and io stability. The model itælf is rigid, 
but on a damped free suspension, and is scaled for 
mass and inertia (1:48) and also for the frequency 
ratio of vertical to torsional oscillation. Under these 
conditions the air-speed at which oscillations occur 
is directly related to the air-speed at which they 
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for measuring resistance, tempera- 
ture, or for heating the specimen, 
liminary work preasurea of 77,000 
atm. have been attained, as shown 
by observation of the 
transition pomt of barium metal. 
With the apparatus it is intended ' 
to study the effect of pressure on 
the properties of semiconductors. 
For preesures of more normal 
industrial interest, in the 5-10,000 
atm. region, preasure balances 
have been calibrated to a few 
parte in 100,000. The correction 
to be applied for elastic de- 
formation of the piston—cylinder 
assembly has been determined 











Fig. 1. Ultra high-pressure 


avperatns uset, o oaral chamber 


occur in the model. The latter has, in fact, been 
found to be stable at speeds up to 80 ft. per sec., 
corresponding to actual wind-speeds of 100 m.p.h. 
The work in the Motallurgy Division on the founda- 
mental mechanism of brittle cleavage fracture in 
le of iron has been followed up by 
ee ee of orientation on the mechanical 


ponei of polycrystalline iron. At right anglies to 
direction of plastic flow in rolling, the metal is not 
only brittle at room tem ture, also becomes 
progressively weaker 88 temperature is lowered. 
This behaviour is not directly explicable in terms of 
the orientation effects in single orystals. The dis- 
location pattern of such ocold-worked iron is bemg 
investigated by the examination of thin films on the 
electron microscope. 

Brittleness in antimony-—copper alloys has been 
connected experimentally with the presence of surface 
layers of high antimony concentration. The latter 
have been demonstrated by radioactivation, followed 
by the removal of successive 500-A. leyers with 
emery. After three such treat- 
mente both the surface composi- 
tion and the mechanical properties 
of the metal correspond with those 
of the bulk matenal. After heat 
treatment for 20 hr. at 950°C., 
brittleneas and the presence of 
one-third of a monolayer of anti- 
mony at the surface are restored. 

Nuclear magnetic and electron- 
spin resonance are being oe for 
studies of the fundamental 
ties of materials, particularly rel 
mers, in the Basic Physion Divi- 
sion. Preliminary work on solids 
at extremely high pressures has 
been carried out in an apparatus 

of a tetrahedral arrange- 
ment of four tungsten carbide 
anvils (Fig. 1) subjected to hy- 
draulic pressure (200 tons load). 
The coentre tetrahedron (side- 
length 0-75 in.) of pyrophyllite, 
which transmits the preasure hy- 
drostatically to the specimen (0-3 
m. x 0-1 in. diam.), oan be seen 
dismantled in Fig. 2. Connexions 
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by measurementa with two aasem- 
bles of materials of different 
elastic constants (steel and alum- 
inium bronze) in opposition, and 
also by determining the rate of flow of liquid be- 
tween piston and cylinder ab different pressures. 
The two methods give very closely agreeing resulta. 
This work will also be used to study the crystal and 
electronic transitions of the various elements under 
pressure. i 

Engineering requirements have always been prom- 
inant in the programme of the Standards Division. 
A 450 tonf. secondary standard load oell imoor- 
porates nine 80 tonf. struts, each of which is 
calibrated on a deadweight machine. Each strut has 
eight strain gauges connected in pairs to bridge 
circuits, the outputs from which are fed to a digital 

circuit capable of an accuracy of + 5 pV. 
in 2,500 pV. 

The same Division, with ite tradition of high- 
precision metrology, is well equipped for the oon- 
struction of a new primary standard of mutual 
inductanoe, one of the two basic instruments for 
deriving electrical quantities from the fundamental 
unite of length and time. The design follows the 
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aoe Campbell, with two coaxial helices, 

equal to their combined length, 
Oe ohio a oe ee 
A secondary of many turns is situated m a plane 
midway between the helices. With modern methods 
of metrology, including interferometric techniques 
for length, it is hoped to realize considerably greater 
accuracy in the dimensions of the complete assembly 
than in the earlier standard. 

A new field in which there is a growing demand 
for a high precision is the measurement of tem- 
peratures in the region 10-90° K., and a helium gas 
thermometer used for such purposes was on show. 
The helium is contamed m a constant volume, 
changes m pressure being measured as changes in 
capacity by movement of a thin metal disp 
Fixed points are the boilmg points of oxygen (0. 90° K.) 
and hydrogen (c. 20° K.), and work is in progress to 
realize the triple point of oxygen (0. 54:4° K.). Tt 
is thus hoped to extend the International Tempera- 
-ture Scale below the present limit of 80° K. Platinum 
‘resistance thermometers, calibrated ‘against the 
helium thermometer, have been compared with 
others from the National Bureau of Standards, 
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Washington, and from Pennsylvanie State University 
with an agreement between laboratories of + 0:03° 
over the range 20-00° K. 

In the Light Division an attempt is being made to 
estabheh an absolute standard of luminous intensity 
without reference to a black body radiator. The 
response of a photocell is calibrated in volte per watt 
of incident ion in an absolute radiometer. The 
same photocell is then used to measure the output 
from a secondary standard lamp (2,042° K.), using a 
liquid fitter designed to give, in combination with 
the photocell, the same relative spectral response es 
the standard photometric eye. The same experiment 
bas also been carried out with a filter-thermopile 
combination (the lamp temperature being 2,854° K.). 
Values of 673 and 676 lumens per watt at 0-555. 
were obtained. The theoretical figure, depending 
on the values accepted for various constants 
in the temperature scale, is within the range 
670—688. 

The foregoing are chosen from more than 170 
topies on display, which in turn represented only a 
proportion of the wide range of the total programme 
of the Laboratory. H. G. Sxonr 


FINAL MONTHS AND DESCENT OF SATELLITE SPUTNIK 3 


By B. R. MAY and D. E. SMITH 
Radio Research Station, Department of Scientific and Industrial Research, Slough 


Not that the sto Sein 8 has descended, 
it is posaible to review last months of this 
` gatellite’s existence, Which ended on April 6, and to 
outlme the main foptares of ite 602-days lifetime, in 
which it ormed’ éome-10,037 revolutions and 
travelled more than 280 million miles. 

Previous articles!" reviewed the satellite’s progress 
up to the end of April 1959, and we may now show 
the mean nodal period—time curve from the 
of May 1959 until ita descent (Fig. 1). It follows 
generally the expected shape, the Ae Increasing 
steadily from about 1-0 seo./day on June 81, 1959, to 
1-8 seo./day on October 81, and to 3-5 seo./day on 
January 31, 1960. Binoe the beginning of May 1059 
the perigee moved (in a direction opposed to the 
orbital motion of the satellite) fram southern apex 
towards the equator, where it was on January 11, 
1960, and had reached nearly 40° N. when the 
satellite descended. 




















Table 1. 

1950 
June 1.00 09-127 (0 005) | 7096-1 (0-2 6584 
July 1.00 96-708 (0-005) | 7075-7 (02 63588 
Aug. 1.00 98-206 (0-005)) TOS1-7 (0-2 6583 
Bept. 1.00 97 650 (0-005) | 7084-0 (0-8 6682 
Oct. 1.00 96-059 (0-005) | 6091-6 (0-2 6581 
Hor. 1.00 06 080 (0-005) | 6040-6 (0-2 6570 « 
Deo. 1.00 95-175 (0-005) | 6005-5 (0-2. 6577 

1960 
Jan. 1.00 94-105 (0-010) | 6853-0 (0 5 6575 
Feb. 1.00 92-871 (0-015) | 6704-3 (0 O72 
Mar. 1.00 91-533 (0-020) | 7284 (1-0 6567 
Apr. 1.00 80 -140 (0-020) | 6610-5 (10 6540 





Table 1 gives the orbital elements for Sputnik 3 
from June 1.00, 1959, to April 1.00, 1960, obtained 
in the game manner as before’. The calculations have 
been made for only one value of scale height instead 
of two, since more reliable values for the scale height 
at the perigee height (also included in Table 1) are 
now available. 

The period—time curve for the complete lifetime of 
this satellite has been plotted in Fig. 2, and the 
variations in the slope of the curve indicate the con- 
stently changing atmospherio density encountered 
by the satellite at its perigee. The shape of the curve 
is affected .by the rotation of the orbit, and its 
departure from a regular form has created difficulties 
in produaing predictions the sacouracy of which is 
better than 2-3 min. at the end of a period of a 
week, and in estimating the date of descent of the 
satellite’. The curve also displays irregularities 
lasting only a few days—those which occurred during 


ORAL Homcearrs FoR 1958 6, (Figures in brackets are probablo errors) 
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July 15-19, August 17 and Ootober 4-7, 1959, 
coincided with prominent geomagnetic storms on 
those dates. 

The mean nodal iod-time curve kept for pre- 
diction purposes, and which is accurate to 0-005 min. 
over the major part of the lifetime of the satellite, 
has been based en optical and radio observations 
made mainly in the United Ki , Finland and 
France. As an object for vi observations the 
satellite was not very bright, and although the 
brightest magnitude reported was +1, the majority 
of observations were made at magnitudes of between 
+4and +7. Due to this and the irregularity 
of ita brightness, the satellite was detectable only 

ith difficulty with cameras and the more elaborate 

king instruments of small angular field, so that 
the majority of the 500 or so observations of time 
and position made in the United Kingdom were 
obtained by amateurs using quite modest mstru- 
ments. The satellite’s tranamitter on 20 Mo./s. 
radiated during the whole of ita lifetime, tho after 
some three months it failed to tranamit tele- 


SIGNAL RECEIVED AT MERLIN DARMSTADT 
JOORELL BANK AND WINKINELD BETWIFN 
O6-11 AND O4 IB U. T. 


RADAR OBSERVATIONS AT PRINCE ALBERT 
SASKATCHEWAN BETWEEN O2 27 AND O07 31 
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Fig.2. Oomplete period~time curve for Batellite 1058 d, (Sputers 3) 


metry information, and from December 1959 there 
remained only a O.W. signal with spasmodic modula- 
tion. Since, at the time of its descent, the satellite 
was visible only from two narrow bands of latitudes 
situated near northern and southern apex, the radio 
transmissions provided the principal means of fol- 
lowing ite final revolutions. 

Little is known about the descent of this satellite, 
as its suspected last transit lay mainly over the sea 
and unpopulated areas. The last reported visual 
sighting, at the time of writing, was made from 
Jokioinen in Finland at about 01.45 hr. u.T. on 
April 6, and it was unlikely that any later sighting 
would have been possible from consideration of the 
visibility conditions. Three transits later, the radio 
signals were picked up at Jodrell Bank, Berlin, 
Darmstadt and the Radio Research Station at Wink- 
field (where interferometer measurements were made) 
at about 06.11 hr.—06.15 hr. (position A m Fig. 8) 
and the last known ‘positional radio observations 
were made on the following transit at about 07.80 


SIGNALS ABCEIVED AT BERLIN AND WINKFIELD 


BETWEEN O7.43 AND 07. 45 


POSSIBLE RECEPTION AT BERLIN AND 
WINKFIELD BETWEEN O9. 13 AND O9. M 





Fig. 3. Final revolutions of Satellite 1958 ð, (Ipwimık 3), April 6, 1060 
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from Prince Albert, Saskatchewan (position B), and 
at about 07.48 from Winkfield (position O). At 
08.00 hr. the period appeared to be 86-8 + 0-2 min. 
and from theoretical considerations the satellite 
would have a further lifetime of about 1-2 hr. More- 
over, it has been reported that a short, faint signal 
at the correct ency was heard at both Berlin and 
Winkfield at about 09.13 hr. ition D in Fig. 3), 
when the satellite was below the horizon from both 
stations, A normal half-hop tranamission seams to 
be impossible from a consideration of the position of 
the satellite and its transmitting frequency, but it is 
possible that propagation by scattermg in the iono- 
sphere may have taken place rather than reflexion, 


NATURE 


August 6, 1960 vow 187 


since the ionosphere was very disturbed in this 
region at this time. This evidence must; however, 
be ed as inconclusive. 

Wo hoali likes totale shia oppien of thanking 
all those who have sent us radio and optical observa- 
tions of this satellite, thus enabling a regular flow of 
predictions to be mamtamed. 

This work was carried ont as part of the programme 
of the Radio Research Board and is published by 
permission of the Director of Radio Research of the 
Department of Scientific and Industrial Research. 

l King-Hele, D. G., Naixrs, 188, 1409 (1058). 


* May, B. R., and Smith, D. B., Naæturs, 184, 765 (1959). 
* May, B. E., Nature, 196, 729 (1000). 


SCIENTIFIC RESEARCH AND DEVELOPMENT : A COMPARATIVE STUDY 


By S. DEDUER 
Formerly Director of the Boris Kidrich Institute of Nuclear Sclences, Belgrade 


HE ecientiflo potential of Yugoslavia and the 

effort to increase it are to-day much greater than 
in 1940. Nevertheless, many Yugoslav scientista 
have felt for years that their country was neglecting 
science and that a sounder and a more vigorous 
research policy was needed. Owing to a lack of liaison 
between the embryo scientific community and the 
State nothing was done to back up these impressions 
with quantitative evidence. This happened also 
because the Government felt, by what ib calls now 
“the logic of development”, that the country could 
not concentrate both on the development of science 
and industrial duction potential. In the latter 
case coradh ie ernia havə been achieved; out- 
aide observers consider the economic development 
of Yugoslavia to be to-day among the most rapid in 
the world. Lately, however, & new, viously 
lacking awareness of the consequonces of the ‘logical’ 
neglect of research has begun to appear in Government 
circles. The following statement+, the first such made 
by a Yugoslav Government and Communist League 
leader, perhaps best illustrates the background of 
the recent trend toward a more vigorous research 
policy : 
“We have posed ourselves the goal to catch up 
economically and culturally wrth the al ate R 
countries of the world and to do it as rapidly 
soon as possible. But how to do it when the world is 
striding forward at great speed in the midst of a 
scientific-technological revolution t The forces of 
organized scientifio~technological creativity are con- 
tinuously and rapidly growing and the developed 
countries are in & position to introduce incessantly 
ever new and more abundant knowledge and to create 
now productive forces. Under such dynamically 
competitive conditions a country which develops rte 
production only on the basis of the existing, routine 
technology cannot reach the same goal as the most 
developed countries. On the contrary, such a country 
will unavoidably and ‘systematically’ lag... . In this 
sense, we are lagging behind the most developed 
countries.” 

Whether one defines it by generalizing Marx's 

definition of work or by using the broader concepta 
of cybernetics, a research policy calls for decisions on : 


(1) The principal goals which a society can and 
should reach by means of ita research potentual. 
(2) The magnitude of the ‘physical’ elementa of the 
scientific potential : PAES equipment, A 


eto. (3) The long-range ae ee ae 
is, the distribution of the sci potential wrth 


to the main social goals. (4) fee eee 
tion of the scientific effort. (5) The social and politi- 
cal measures needed to make the potential both 
scientifically and socially productive. 

Until recently Yugoslavia had very little of the 
information needed to make sound decisions on any 
of the above components of a research policy. The 
tables in this paper were im order to 
estimate, and illustrate how much bo daar he is 
“lagging behind the developed countries”. This is 
done by co the orders of magnitude of the 
scientific effort per inhabitant of Yugoslavia and its 
economic potential with those of the United Kingdom, 
the U.S.S.R. and the United States. 

The tables, with the appropri comments, 
served as an introduction to the on between 
the representatives of science, industry and Govern- 
ment at & elgg ewes on, the organization of research 
of the First Yugoslav Chemical Co held in 
Zagreb during June 15-21. Some of the tables, with 
added comments of a more general kind, are presented 
here. 

Lookmg through the various national statistical 
yearbooks one is impressed by how many countries 
have felt the need to count their donkeys and how 
few their scientists. This 1 because many countries 
are just beginnmg to consider what the current 
scientific revolution means to them. But even 
countries which gave brth to the industrial and the 
scientific revolutions have begun only recently the 
difficult task of measuring the various aspects of the 
interaction of science and society. Ag late as 1957, 
for example, the Advisory Council on Soientrfio 
Policy of the United Kmgdom!’ pointed out that 
“this is a field in which it is difficult to obtain precise 
and comprehensive statistios”, regretted “that com- 

le figures were not available for Western 
pean, countries” and warned that “although we 


have to some extent followed the American model m 
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the tation of our statistics, any comparison 
should be made with considerable reserve”. 

To make a comprehensive comparison of the role 
of science in various countries one should take into 
account the scientific efforts, the scientific potentials 
and their social and scientific productrvities. Yet for 


:* mot of these concepts no one has devised up to now 


reliable measuring rods. In the case of Yugoslavia 
the small amount of data existing on research was 
based on ill-defined (if defined at all) concepta and on 


criteria generally le in co with 
those adopted in the develo countries. For all 
` these reasons, the possible field of comparison was 
limited to a small number of research indicators on 
which the most elementary statistics exist in all the 
countries in question, and to which a common set of 


(8) The annual a of engineers 
and scientista. Rs ) Tho expenditure on research in 
vane 

E PERE eo E PEE PE thane diidiaaband 
of the scientific effort and potential haa biesed the 
comparison in favour of Yugoslavia. For they do 
not tell-us anything about the scientific and social 
Laine WOE E ca Mediate T The countries 
with which we are comparing Yugoslavia’s scientific 
effort and potential have had experience with research 
€or tens and even for hundreds of years, and have been 
aware of the economic and social consequences of the 
scientific revolution much 


existing scientific potential with a 


into a highly 
Thus, were we to compare the resulta o 
a given investment m research, the comparative 


Picture would be much leas favourable to Yugoslavia 


than, the tablea indicate. 

To avoid the risk of under-estimating the scientific 
effort of Yugoslavia, the maximum figures and the 
most favourable variants were taken and the same 
criteria as in the developed countries were applied. 
piace aiionets Sarin T aera 
engaged in research, the same criteria were used as in 
the United States and the United Kingdom, although 
this is quite unrealistic. Also, whenever there was 
any doubt if a sum of money had already found ite 
way into the “research of Yugoslavia”, 
it was added anew rather than‘risk to omit it. Hence, 
the probability of the error in the Yugoslav figures on 
Tresearoh being plus is equal to 0. The probable 
errors for the ing data for other countries 
are not given, simply because, with a single exception, 
the sources do not quote them. This, however, is not 
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The general sources of all the data aro given at the 
end without quoting them for each particular figure. 
The Soviet data on research expenditure were taken 
from Weetern sources. 

Yugoslavia’s lag in research in 1960 is probably 
greater than Table 1 shows for 1957. For, 
to one estimate, except in nuclear energy, Yugoslavia 
is not spending more on research in 1960 than in 
1957. The United States, on the other hand, has 
increased its in 1959 by about 50 per 
cent over 1957, while the U.8.8.R. has imoreased 
it in 1960 by 15-4 per cent over 1959 ?. 


Table 1. MXPEKDITURN ON RM@SEARON AND DEVELOPMENT YAR 


Innantrant (1057) 








To ilustrate the dynamios of growth of the scientific 
effort we have chosen the United States (Table 2) 
because the statistical data are most easily available. 


Table 2. Drwamios or Growrn oF THe Soomro Hrrozt 
(ONErED rarae) 


woa | ao mja 
ord bee ppe 
| EE, 
MAGMA 
OD OR 08 20 Be OS pi 
wdw aa o 








ee ee re of view 
of method. It has been assumed that what in 
Yugoslavia is called ‘social product’ and ‘national 


economy investment’ to the gross 
national product and fixed ca pre formation used in 
the United States and the United Kingdom. Some 


Yugoslav economists estimate that the gross national 
product is by definition about 10 per cent greeter 
than the ‘social product’. If we actually used the 
national product, the figure 0-5 per cant for 
ugoslavia would be even smaller. The Soviet 
figures were obtained from ref. 4. 

It would have been illuminating if the tables 
contained date from countries equally or less economi- 
cally developed than Yugoslavia. It is significant, 
although unfortunate, that such material seems 
scarcely to exist in the published literature—if at 
Table 3. PORTIOK oF Gross NATIONAL PRODUCT SPRET OW RESMAROH 

AXD DEVELOPMENT AND Groes Frrap Carttal FORMArIow (1957) 














460 ` 


Table 4. Oompxiisom oF 
SouorririIo EFFORT Fm 


THe HOOKOMIO DEVELOPMENT AND 
INHADITANT (1057) (RMLATIVE) 











all. For this reason in writing about the undeveloped 
countries, ag one author has said, one is prone to 
commit the well-known sin of over-generalization and 
under- documentation. This sin of ‘feigning ee 
pes’ will not be avoided in the comments to 
tables. 

Whother there is a general ‘logio of development’ 
which makes undeveloped countries neglect research, 
as evidently Yugoslavia has done up to now, is difficult 
to pay. But some of the few economists who have 
considered the role of research in economio develop- 
ment seem to agree that “There 1s no doubt that one 
of the main deficiencies of 


is their failure to spend adequately upon research and 
upon, the development of new materials 
From Table 8 


partial from 
other countries, one could reformulate W. A. Lewis’s 
words a8 a quantitative ‘law’: “The higher the 
economic development of a country, the greater 
is the percentage of the gross national product 
invested in research”. — 

This ‘law’ actually represents a new definition of an 
undevel country in the scientiflo revolution era. 
It would be worth while to analyse the causes of this 
‘law’ by all the methods available to social science. 
Here we shall only point out some of the consequences 
of such neglect of research. 

As Marx would have put it, research lowers the 
‘exchange value’ and increases the ‘use value’ of the 
existing goods; it creates oompletely new ‘use 
values’ by creating new products for new needs. 
Thus, for example, m the United States, “about 
4] per cent of the manufacturing industries research 
money is spent on the improvement of present 
products, 48 per cent on new and only 11 


Por apical ag? Poora 
productivity of our; socording to one source’ 
almost 1 per cent of the annual increase of ustivity 
of labour of 2-2 per cent in the United States is due 
to research. By ing research an undeveloped 
country has to leave it to others to transform ite raw 
or semi-fabricated materials into new or better kinds 
of products, which it will have to buy. At the same 
time, it will continue to spend more labour per unit 
product than the countries which encourage research. 
Thus it continues to be an object of exploitation in the 
world market. 

To cope with the “dynamically competitive condi- 
tions” of the scientific revolution mentioned by Mr. 
Popovich, a country must start to develop research 
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simultaneously with 4 economio potential. For 
although research coñstitutes a small 
P E a 
consi le time to tranglate rt into tangible results 
To transform 6 laboratory result into an economically 
successful 


needed to create ‘tradition’, that ia, the atmosphere 

for ustive solemtific work, is much 
longer. Ib follows that the resulta of neglecting 
reso wil bo falt only when it may prove too lat 
to cope under 


expenditure i 
sities, one can conclude that Yugoslavia spends not 
much more than 1 per cent of its research funds there. 
This is several times less than in the United States 


Ber ona ty ihe te ema L 
of the physics teachers of India? : 
burden of future physicists must be borne 
by the universities, the Universities Grant Commis- 
sion, is requested to ensure that the amoluments, 
research granits and other facilities available to the 
universities teachers are adequate and in no waye 
inferior to those available to people in similar posi- 
tions in the National laboratories or elsewhere”. 
There is evidence that scientists in Yugoslavia and 
Indis are not alone in feeling this way. 

agg nh lo ernst E 

licy, perhaps the most im was put last. 

can be seen from the following words of Prof. 

Polanyi in Sotencs in 1950, illustrating something 
encountered by anyone who has studied this or that 
phase of developing science in one or several new 
countries. j 

‘“Those who have been in those parte of the world 
where the life of science is just beginning, know the 
tremendous doaki cad We anuais hie ts 


laok of scientific tradition i upon the pioneers 
working to found science in countries. On one 
hand the research work is ing because of lack 


stagnating 
of encouragement, and on the other it is developing 
completely chaoticalty for the lack of any kind of 
directing influence. Unsound tations spring up 
like mushrooms, founded on nothing or on the com- 
monest results, or often on empty boasting. The 
political and economio interests influence to a large 
ms and in 


See ia A a (translated from 

V) 

is illustrates only some of the aspects of a lack of 
transfer of information inside a research community 
and between it and the other sectors of society, such 
as industry, Government and others, Nicene ie eae 
ticipate in formulating a research policy. Such a lack 
of information, among matters, gives rise to the 
“nuclear myth’, so prevalent in undeveloped countries. 
There is a fair amount of qualitative evidence that in 
some of these countries the expenditure on nuclear 
physics and nuclear research is many time- 
greater than in the flelds of utmost economic impors 
tance. In the case of Yugoslavia there is also quanti- 


fr 
, . ai ee 
« 
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tative -evidence. Thus, fx SERTA from Table 6 
presented st the symposium (nob publiahed here) 
one can estimate that in the next five years Yugo- 
alavia now plans to spend about ten times more on 
research in nuclear energy than in the chemical, 
e alana Ee aang paper and non-metal 
industries combined, which im 1958 contributed 
22-5 per cent of its national income. This should 
be considered in the light of the statement of a 
Nuclear Commiasion, that Yugo 

‘ lasie “will acA polene power ek tio erlin 20-35 
years from now”. 

"Seience is the motor of social progrese’, said one 
of the slogans at the fifth Congreas of the Socialist 
League of Yugoslavia, ite mass political organisation, 
in May 1960. The logic which neglecta the develop- 
ment of a sound ising Py N e U 
ment of all parte of the vehicle of social progress except 
one: ite motor. From all that has been said ib 
emerges that the usual economic indicators are 
necessary but not sufficient as a measure of economic 
development. Any measurement of economic develop- 
ment to be adequate must include indicators about 
this motor, that is, about the acientiflo effort, the 
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scientific potential and its scientific and social pro- 
tastivity. 


3 of the et ee 
Gouna ete Sota An tio new me 
O. 


* Annual of Mhs Syme Cognoll on Semele Lee 1IPST, 
s Ta, Matiro Grim ot aoe” (Centre de Esoherobe Européenes, 
Lausnne, 1960). 


1 “Comparisons of the U.S. and Soviet Hoonomies”, Part 2 (G.P.O., 
Washington, 1959). 

1 Loewis, W. À., ‘The Theory of Boonomis Growth”, 175 (Alien and 
Unwin, L4d., 1965). 


? Ewell, B., Chem. sad Eng. Nowe (July 18, 1055). 
* «Physics In Indian Universities’, Nature, 181, 28 (1958). 
> Avdo Humo, ‘Borbe’ (Deo. 28, 1950). 


ugoslovenski 957, 1958. 
Izvestaj Se 1057, 1 
Frare ar Of te uia Bates (QP 190 a a, 


Annnal Abstract of Sta tatioi, ares (H.M.8.0., London, 1089), 
s Colonial Research 1958-59 O., London). 

of the Advisory Council on Sabentifio Poloy, 1956- 
8.0., London). 


57 
(8) 8.8.8.8. v Otfrah, Statissoeski 
Teanvienle pel Borota Minwtroy 5. (Moskva, 1068). 
(9) Sekmittfic Research in Greet Britain tar O., Washington, 1060). 
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MEASURING THE SIZE OF ISOLATED CELLS 


By Dr, SAMUEL S. EPSTEIN and JACQUELINE B. WEISS 
Hospital for Sick Children, Great Ormond Street, London, W.C.1 


HE socurate sizing of individual cells is a problem 
which has interested microgcopists since the seven- 
teenth century. One of the earliest recorded attempts 
at measuring the size of cells was made by Leeuwen- 
hoek! in 1684. He selected grains of sand of similar 
size, arranged them along graduated lines and determ- 
med the number of grains to the meh. He then 
attempted to size red blood oells by relating their 
diameters to a grain of such sand. An equally 
ingenious approach was that of Jurin', who in 1718 
twisted hair finely around a pin and measured micro- 
ee ee a a ae ee 
ent twiste, thus obtaining the diameter of 
He then counted the number of red cells 

l oaea sh dace obs wana (rae 

je ee ol ee T i 

ee a cell images were measured 
an. ocular prism attechment (camera lucida). 
No teal degree of D, however, waa reached 
until 1910 when Price-Jones* described his classical 


distribution curves of groups of 500 red blood oor- 
puscles. He also suggested methods for the measure- 
ment of non-circular cells, based on the aasumption 
that the average of their greater and smaller axes 
approximated to the circular diameter. 


In 1024, Pijper* ted that red blood cells 
spread in a monolayer on.e glass slide would function 
as a diffraction grating—the translucent interspaces 
all passage of unaltered light. Diffraction 
would thus occur ab the edge of each cell. This same 
observation had, in fact, been made a century previ- 
ously by Young’, who devised an ‘eriomster’ to 
measure size of wool fibres and later adapted this to 
red blood cells. A source of illumimation, viewed 
through such a slide as Pijper described, appeared 
surrounded by a series of concentric halo spectra, the 
size of the halo being inversely jonal to the 
size of the oell. This method is limited value when 


their opacity in suspension. At this time bacteriolo- 
in determining 
the costae of Koch 


1928, Henrici’, m a oe 
morphological variations of ia, described in 
several methods for measuring the size of 


the size of 


length. He also made size-distribution studies at 
different phases of growth, in this respect preceding 
Price-Jones’s concept that determinations of average 
pane alent oe With curved 
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organisms, such ag Vibrio cholera, he re-photographed 
the pepa cell images as composite photographe, 
in such a way that the centres 


and oxi of each wepozato al consid ea noaly 
as le on the He measured cell area with 
a planimeter with dividers and derived 


of projection at high magnifloations: projecting the 
of po on to panchromatic films at a magnifica- 


tion of 8,000 times and these photo- 


images mpensated. 
through the centre of the “zone of unsharpness”’, the 
chances being as great for “going inside the middle 
of this zone as outeide of it”. More recently an 
original technique, based on comparative weights of 
peper- cut-outs of projected cell images, has been 
applied to a microbiological system. 


Ocular Graticules 


In recent years measuring the size of particles has 
attracted the attention of physicists and m the course 
of the past decade two distinct approaches to this 
problem have been evolved : the visual and the 
. Sutomatic. Strictly visual methods of measuring the 
size of particles applicable to cells involve the use of 
constitute & m 


oye. 
e a gk e pide dating te 
counting area and & series of reference circles in the 
grid by which images are visually matched™."*. Other 
methods of reference include graticules with vertical 
Ghee tion, and gauges such as the 
tatistically designed gee ser 
lo ori atale profile tact siir Enge DOR 
employing pa accuracy of graticule methods and 
minimize observer bias". 


Spot Scanning 


In general, automatic devices have depended on 
the use of television techniques and the photo-electric 
spot scanning of & specimen, either from & 

tion or from & pee which 


can be These methods 


deduced. The guard spot method is a refinement of 
the intercept method and involves the use of two 
scannmg spota, one controllmg counting of the 
other. The absence of the control signal mdicates 
that -tho lower or upper edge of a scanned particle 
has been reached. See Pee eee 
for each particle.: Information from a 

“analyser can be obtained im three forms: total 
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count, mean area and approximate size distribution 
of icles or calls. 
errors may be introduced in both 


more than once due to re-entry of the counting spot. 
Information in the case of these cells may best be 


being determined by the field size. Where small size 
increments, such as those for red blood cells, are 
required, distribution curves cannot be obtamed at a 
useful magnification on conventional machines. In 
general, the minimum measurable increment is of 
the order of 1-5-2 in a fleld of 8300p". 

The flying-spot particle resolver, which uses an 
electronic memory -device to simulate the double 
scanning spot, has been used for the determination 
of the mean area of gractks grown at various 
concentrations of vitamin B,, (ref. 19). 


Doubleimage Microscopy 


A semi-automatic visual method of determining the ° 
size of a celk—a double-i 


ion, depends on the amplitude of our- 
a ee ee 
The diameter of a circular cell can thus be recorded 


parti stage is 

iol as het erg hoe Hoe GPs ae 
be measured in the same manner. The reproducibility 
of this method for measuring circles is better than 
1 per cent at 10u and 3 per cent at Ip. The instru- 
ment can be fitted with an electromagnetic dovice*"* 
for size distribution analypes. A more tedious 
modification involving the same principle in which, 
however, ‘the image is split by shearmg with two 

blocks arranged aa an interferameter has also 

described*. 


Cell Conductivity 


The methods so far described are only capable of 
evaluating optical cross-sections of cells. A machine 
has, however, been devised (Coulter Electronics, 


forced through a small aperture of appropriate width, 
which has an immersed electrode on either aide. 
Fadil Soll, ae I paea BISEN ths AITE, CSUs & 
change in resistance between the electrodes. A 
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voltage pulse of short duration is thus produced 
which has a ional to the size of 
the particle and which is essentially proportional to 


idle volume. The voltage pulses are amplified, 
ed to a threshold cireuit with an adjustable threshold- 


thin ove partial throng th 
number of particles counted minimizes error. Calibra- 
tion is performed by using standard particlas of known 
sizo. The accuracy of this method as applied to 
the size of bacteria has been shown to be 
cent of the diameter for lp 
be obvious that information 
i this nature is of 
value to biologists than more 
conventional methods merely measuring some planar 
funotion. 


1 Leerwenhoek, A. van, Phil. Trans, Roy. Soe., 1678, 780 (1684). 


1 Price-Jones, O “Red Blood Osli Diameters” (Oxford Medical Pub- 
Hoationa, London, 1933). 


NEWS an 


? Electrical Engineering In the Imperial College of 
. Sclence and Technology 


end prexdent of the Institution of Electrical Engin- 
eers, has been appointed to the chair of electrical 


engineering at the Imperial College of Science and 
Technology, London. bende ra 


in the field of heavy 
electrical engineering. Other leading members of the 
nt are Prof. Demis Gabor (applied electron 
physics) and Prof. Colin Cherry (telecommmnications). 
The new appointment exemplifies the very close 
links which now exist between industry and the 
College at the level. Sir Willis 
J resigned his chair at the College some seven 
years to go to Metro olitan-Vickers (see Nature, 
171, 242; 1953). From this porition he has exercised 
great mftuence both within the electrical industry 
and in the field of technological education in general. 
Now he is to return to his old College and his old 
It is of the highest significance that 
ee e n 
should be re-entering the scedemio ranks in a key 
post. 


Royal Sodety Visiting Professorship : 

fi Prof. A, Schlüter 

Taa Royal Society has instituted a visiting pro- 
feesorship so that oversea scientists of high distinction 
may be invited to the United Kingdom for a period 
of an academic year, or at least six months, to enable 
The first holder of the 
Schltiter, professor 
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af theoretical physics in the University of Munich, 
ond also of the Max-Planck-Institut fur Physik und 
Astrophysik, Munich. He will take up the appoint- 
ment on March 1, 1961, and work in t 
of Applied Mathematics and Theoretical Phymœ at 

nig on problems in theoretical astrophysics 
and plasma physiœ. Prof. Schititer, although still a 


for his work. He was amo 
importance of magnetic 
clouds, and has made many contributions to cosmical 
paran lersaa He has clarified the nature of 

in ionized gases, and advanced the 


gated the conditions for thermonuclear reactions. 


Sociological Studies at the University of Sheffleld : 
Prof. R. K. Kelsall 

Mn. R. K. Kurastt, ab head of the Depart- 
ment of Social Studies at d, has been appointed 


to a newly created chair of sociological studies. Mr. 
Kelsall was educated in the University of Glas- 


research. 
Prise. In 1938 he was 
appointed lecturer m the Economica and Commerce 
of University College, Hull, and was 


Midlands, and held this appomtment until 1950, 
when, he was appointed senior research officer in 
charge of the Nuffield Sociological Research Unit at 
the London School of Eoonomice. He was appointed 
head of the School of Social Studies in the Univerarty 
of Sheffeld m 1957, the post he now holds. Mr. 
Kelgall has had wide experience of many drfferent 


kinds of gocial surveys, and hag published many 
articles and several books on the results of his work. 


Institution of the Rubber Industry : Awards 


Ds. Esrom Konnap, formerty director of the 
Leverkusen Laboratories, Farbenfabriken Bayer, has 
been awarded the Colwyn Medal of the Institution of 


the Rubber Industry, the highest honour of the - 


n, for conspicvous services to the rubber 
especially in the fleld of synthetic rubber 
development. As an sesistanh m the Chemical 
Institute of the University of Frsiburg, Dr. Kourad 
evtered the field of high-po chemistry. With 
his enpomminiais m 1087 40 Bayer at Leverkusen, 
his work received a decisive turn towards the chem- 
istry and technology of rubber. His work on rubber 
syntaesis reached the point of a. application 
in, the up of synthetio ber plants as early 
as 1936, was recognized by the award of the 
Gold Medal by the Committee of the International 
Exhibition in Paris, 1937. The work of Dr. Konrad 
is one of the foundation stones on which the present- 
day synthetic rubber industry is built, and his rich 
experience in this field has given a decisive impetus 
to the development of new elastomers and new types 
of foamed materials. 

The Hancock Medal pf the Institution for 1960 has 
- been awarded to Mr. O. B. chairman of 
Maclaren and Sona, Lid., , for outstanding 
Bevis Ter med ne abe ae 


Selby Fellowship: 1960 Award 

Da. W. Devonans, of the United Kingdom Atomic 
Energy Authority, has been awarded the Selby Fellow- 
ship for 1960. The award was established last year (see 
Nature, 184, 684; 1959) “to recognize that, 


i . 
young graduates from British and other overseas 
: : 


berra, is normally for one year’s work in an Australian 
university or research institute in amy branch of 
physical or biological science. Ib carries a stipend of 
£4.1,500, and to £4.500 of the holder’s travel 
costes are met. . W. Deuchars will go to Canberra 
end will work with Prof. E. W. Titterton at the 
Australian National University, Canberra. Applica- 
tions for the next award close on August 81. 
U.K. Commonwealth Scholarship Commission 

FoLLowine the setting up in the United Kingdom 
of the Commonwealth Sch ip Commission early 
this year under an Act of Parliament (pee also this 
issue of Nature, p. 441), it has now been decided to 
award about 220 soho tenable in the United 
Kingdom. from October onwards. The majority of 
these scholarships will be at the postgraduate-level and 
for two years, covering the cost of farce, tuition fees 
ain tie: Deed Kinga Ths Gaon ae 
is in the The Commonwealth 
Scholarship e hae ne ed Te 
of recipients far the award. This list of successful 
candidates covers nine Commonwealth countries and 
includes -§6 awards, of which 44 are for scientific 
subjects. tbe diets T of eee tsb che 

is aa follows: Canada, 18 (9 scientific) ; 
18 (10 scientific) ; New Zealand, 10 (8 kamien 
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Ceylon, 6 (5 scientific) ; Hong Kong, 8 (5 scientific) ; 
Kenya, 8 fall scientific) ; Singapare, $ (2 scientific) ; 
Tanganyika, 1 scientific; and Uganda, 1 scientific. 


Road Research 


international body should be 
responsible for co-ordinating the research effort of 
the various countries concerned ; to foster the mter- 
change of road-research information ; and to recom- 
mend new researches on problems the solrtion of 
which requires, or would profit from, international 
ço-operation. It was also recommended that each 
country should set up a national committee for roed- 
safety research which would, in addition, provide a 
lmk with the proposed international body. 


Integration of the Cape and Royal Greenwich 
Observatories 


THs merging has been announced of the Cape 
Observatory wrth the Royal Greenwich O 
under the Astronomer Royal. The Astronomer Royal 
Cape of Good H 
have been, and will continue to be, responsible to 
Admiralty through the Hydrographer of the Navy. 
The Cape Observatory fulfils, in the southern hemi- 
sphere, much the same functions as those performed 


Nature Conservation In Wales 


Tua Nature Conservancy has recently announced 
developments in its work in Wales, including the 
establahment of a new Nature Reserve at Owm Glas, 
Crafnant, which, lying ab the head of an upland 
valley, runs south-west for a distance of four miles 

from Trefriw in the Conway Valley. Tho Reserve 
covers 38 acres of glacially over-steepened slopes, 
broken by rock outcro , and culmimating in the 
t lies on basic voloanio rook 
Ghd ban a dak Ae, Gadi a tho ca 
alpine species, which are here growing at a relatively 
low altitude. There is a remnant ash-wood with a 
rich ground fiora, and while the predominant tree is 
ash there are, in addition, many exceptionally large 
hawthorns. so pip with planta typical of lowland 
woods and fi soils the wood contains rock stone- 
a ee ee ee 
such shaded, rocky 


in 1956 and 1959, the Conservancy has now 
another 78 acres. The Reserve now covers 1,470 
acres and has a coast line of 10-11 miles. The area 
is of great ecological and physiographical interest, 
as the boundary between mobile and fhred sand and 
the gradation, between open and closed plant com- 
munities right through it. Extensions are also 
anno to the; ‘Coed Rheidol Nature Reserve, 
near Devil’s Bridge in and the Reserve 
now covers an area of 89 acres. Coed Rheidol is an 
le of a moist, mossy sessile oak 
a rich associated flora and faune which 
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have developed under eonditions of high humidity 
and heavy rainfall. 


British Poultry Science 


Wan journals are being born at the rate of 
about two a day, the need for each new-comer must be 
scrutinized carefully. 


British Sotence, which 
has just been i is intended to be an international 
journal for the tion of origi researches on 
the fi and for review articles (1, No 


eee fer 
ees ea 
: oan. 
30s.; U.S.A. and Canada, 5 dolars. Single issues, 
17s. net; U.S.A. amd Canada, 2.75 dolars net. 
end London: Oliver and Boyd, Ltd. 
The contenta of the first numb 


this fleld, and, indeed, some of ita contents have 
already been published in part elsewhoere.- Its further 
aim of bringing within ite covers all kinds of scientific 
work on the fowl is also open to question, if only 
because research workers prefer to publish by dis- 
cipline rather than by organism (and libraries also 
ace ia ig shar on ark The fowl is per! pane 
que among animals in already having jo 
devoted 46 i but ib is not clear that they have 
stimulated fundamental work on the biology of tho 
fowl. It seems more likely that this stimulus will 
e ome from the rapidly increasing technical require- 
° ments of the 


If this new journal is to prosper, ita policy will have 
e Do mare NOTY ee T o 
to ita emphasis on pure and ying science, and 
towards its anticipated lay 


Loca] Health Service 
Srx pilot studies into local health carried out under 


‘Local Health Service”, 
Organiration (Report Series, No. 194. 3 
Geneva: World Health tion; London: 
HLM. Stationery Office, 1960. 2 Swine francs ; 3s. 6d. ; 


the need for decentralization of health services and 
for an efficient local administration; the various 
methods of organizing community effort in public 
health work; the importance of a closer alliance 


Unesco Fellowships for Electronic Computing 
Research 
Tos United Nations Edusetional, Scientific and 
Cultural Organization is offering six fellowships to be 


shared among member States to enable highly quali- _ 
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Se ee eee ee 
electronic for the of mechanical 
translation, the theory of or the use of 
computers for the reduction of geophysical data. 
The fellowships will normally be for six months and 
will carry travel grant and a monthly allowance 
varying to the country of study. Further 
information can, obtained from the United King- 
dom National Commiæion for Unesco, Ministry of 
Education, Curzon Street, London, W.1. 


University News : Belfast 


ea enone ee. 
following: Dr. N Dunwoody (engineering mathe- 
matios) and Mr. R. G. A. Stretch (psychology). 


Birmingham 


the Medical Research Council since 1958, and is 
also a Senior Research Fellow at New College, 
Oxford. 

The title of professor of ee ee 
has been conferred on Dr. V. Thorpe, who is at. 
prooi n reader in chemical physiology, as from: . 

ober 

Tho following ointments are also announced. 
De F. D. Dowel, Dr. P. Swinbank 


Emery (mæhemstical S ; Dr. E. F. we 
Forsyth ( ; R. N. Morris 
(econometrics and social statistics). Research Fellow- 


ships: Dr. T. F. Tuan (mathematical physics); Dr. 
N. Peasall and B. Cockayne (physical metallurgy) ; 
D. J. White to be Kenward Memorial Fellow (engin- 
eering production) ; H. R. Shaylor to be Staff Fellow 
ia anei physics in the Department of Physics. 


Bristol 
Pror. T. K. 


Department of Zoology); 

(physical chemistry); Dr. I. O. Sutherland (organic 
chemistry). Research Fellowship : Dr. P. H. Fowler 

(physics). 


ee 


Leeds 
` Ds. F. Harsunn has been appointed lecturer in 


medical physica. 

Among the in sid of research which 
have recently announced are: £5,000 to 
the Department of Physics from the Department of 
Scientific and Industrial Research; £2,100 to the 
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wiment of Civil Hngineermg from the Cement 

Concrete Association; 7,000 dollars to the 
Department of Biomolecular Structure from the 
Muscular Dystrophy Agsociation of America. 


London 


Dez. ©. B. B, Downman has been, appomted to the 
Sophia Jex-Blake chair of physiology at the Royal 
Free ital School of Medicme; Dr. I. Doniach 
to the chair of morbid anatomy tenable st the London 
Hospital Medical School ; and Dr. J. Hamilton, to the 
second chair of eka tenable at University College. 


Among the a to readerships are: Mr. 
A. J. Buller aT shale a2 Kia's Collage: 
Mr. J. C. de Dey a Gee eis 


structures), tenable at the Imperial College of Science 
and Technology. Titles of ‘professor in the University 
of London” have been conferred on Dr. H. Elliot 
(physica), m respect of his post at the ial College 
of Science and Technology, and on Dr. W. J. Hickin- 
leas (organic chemistry), in respect of his post at 
Queen Mary College. Titles of professor emeritus 
have been conferred on Prof. T. J. Bosworth 
(veterinary pathology), Prof. E. 8. Pearson pees: 
Prof. Dorothy 8. Russell (morbid anatomy), Prof. 
W. Bmith (bacteriology), hee Prof. E. E. Turner 
(chemistry). 
. Prof. E. T. O. Spooner, University profsesor of 
bacteriology and immunology, London School of 
Hygiene and Tropical Medicine, has been appointed 
dean of the School in succession to the late Bir James 
Kalpatrick. 
Sheffleid 


Taa following appointments to lectureships 
ounoced : . F. W. G. Warren (applied 
Dr. 


“Roughness of the Moon as a Radar Reflector” 

THs portion of this issue of Nature meluding the 
communication with the above title (p. 490) was 
prmted before the mistake referred to below was 
noticed. Dr. B. H. Briggs writes: “Owing to an 
unfortunate error, the dotted curve in the graph is 
approximately exp(— 20 0) and not exp(— 10 0) as 
stated. The detailed between the optical 
observations and the radar results of Hughes is 
therefore not as close as was originally thought, 
though it remains true that both methods indicate a 


mean, al of the order of 3°. I am indebted to Dr. 
Hughes for pointing out the above error”. 
Announcements 

Toa Medical Research Council’s Ne iatrio 
Research Unit, under the direction of Dr. D. Richter, 


has been transferred from the Whitchurch Hospital, 
Cardiff, to the Council’s Laboratories at Carshalton, 
Surrey. 

De. R. L. Sancrs-Rosa, who is retiring from the 
post of director of the Radio Research Station of the 

of Scientific and Industrial Research 

(Nature, 185, 353; 1960), has been appomted chair- 
man of the Post Office Frequency Advisory Com- 
mittee in succession to Bir Lawrence Bragg. 

Pror. F. D. RICHARDSON, professor of 
m the Imperial College of Science and Technology, 
London, will deliver the fourth Roberts Horne 
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Memorial Lecture of the Society of Chemical Industry 
in the University of Bristol, 
on September 29, at 6.80 p.m. -He will speak on 
“The Extraction of Metals and the Chemistry of 
Metals”. The Lecture is open to the publio. 


An international colloquium is to be held at the 
Universrtty of Grenoble on “The Physics of Electro- 
static Foroes and Their Applications” during Bep- 
tember 27—-October 1. The Colloquium is organized 
by Le Centre National de la Recherche Sciantzfique. 
Further information can be obtained from Prof. Noël 
Felici, Faculté dea Sciences, Université de Grenoble, 
Grenoble. 


Tas European Association for Potato Research 
has announced ita imtention to organize a series of 
triennial conferences to review the position of potato 
research. The first of these conferences is to be held 


at Brunswick September 12-17. Further 
information can be o from Tagungsbirro der 
, for Pflanrenbau und Sastguter- 


EAPR, Institut 
reugung, Bundegallee 50, Brunswick. 


Tam Plastics and Polymer Group of the Society of 
Chemical Industry has arranged a y sym- 
posram on “High-temperature Resistance and Ther- 
mal Degradation of Polymers”, to be held during 
Boptember 21-23 at the Wilham Beveridge Hall, 
Senate House, University of London. Further 
information can be obtamed from the Oonvenor, 
Plastics and Polymer Symposium Sub-Committee, 
14 Belgrave Square, London, 5.W.1. 


Ta Institution of Gas Engineers and the Oorrogion 
Group (Birmingham and Midlands Section) of the 
Boolsty of Chemical Industry are organizing a joint 

on “The Protection of Gas Plant and 
Equipment from Corrosion”, ab the College of 
Advanced Technology, Birmingham, during Septem- 
ber 22-23. Further information can be obtained from 
the Symposium Secretary, of Ohernistry, 
College of Advanoed Technology, Costa Green, 
Birmingham, 4. 


Taa Chemical Society of London has announced 
that it will consider a number of applications for the 
assistance of research in any branch of chemistry. 
About £700 per annum is available for this purpose. 
Applications should be made to the General 
The Chemical Society, Burlmgton House, Piccadilly, 
London, W.1, not later than November 15. 


Toa Commonwealth Scientific and Industrial Re- 
search Organization (Australia) has issued a List 
of Publications to December 31, 1959, including both 
those of the Organization itself and of ma 
: Commonwealth Scientiflo and 
Research Organization, 1960). The pub- 
under handbooks and mono- 
graphs: j ulletins ; pamphlets ; circulars ; 

research series; soil publications; leaflets ; 
semi-technical periodicals; divisional publications ; 
and miscellaneous pap licationi There is also a 
subject mdex. 


Enrarum. : In the communication entitled ‘Two 
Types of Catalase-like Activity in the Lactio Acid 
Bacteria’, by R. Whittenbury, in Nature of July 30, 
p. 433, there is ar error in Table 1. The number of 
catalase-positive o organisms recorded for L. ceHlobtosus 
and L. viridescens are 2 and 0, respectively ; they 
ahould read 0 and 2. 
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THE JOHN INNES INSTITUTE 


HE fiftieth anniversary of the John Innes Horti- 

cultural Institution was celebrated on July 8. 
The occasion served not only to recall the past 
achievements of the Institution, but algo to announce 
some major new developments. These included a 
change in the title of the Institution, an extension of 
the scope of its activities and the opening of a new 
laboratory building. 





Cell Biology and the eee eee cir: 
to house tb & new The Cell 


the new building will provide excellent 
facilities for some twenty-five scientista. 





Fig. 1. The Cell Biology Laboratory, John Innes Institute} 


The John Innes Horticultural Institution was 
founded under the will of John Innes, of Merton, and 
began. ita life in that London suburb in 1910. William 
Bateson was the first director, and it was he who 
chose genetics and cytology as subjects for investi- 
gation; work which reached its climax just before 
the Second World War, when O. D. Darlington had 
published “Recent Advances in Cytology” (1932) 
and “The Evolution of Genetic Systems” ee 
A gi T by members of 
the staff during this pre-war period were: ‘Recent 
Advances in Plant Genetica” (1932) by F. W. Sansome 
and J. Philp, “The Genetics of Garden Plants” 
(1984) by M. B. Crane and W. J. O. Lawrence, and 
“Practical Plant Breeding’ (1937) by W. J. O. 
Lawrence. With the resumption of full-scale research 
activities after the War, there came-K. Mather's 
work on quantitative variation and-his book ‘Bio- 
metrical Genetion’”’ (1949). 

While the tradition in genetical studies is bemg 


ee 


commitment, and ite will be free to pursue 
their own research interests within the wide 
framework implied by the term ‘cell biology’. One 


of the features of the Department is the fact that 
facilities are available for work on both animal and 
plant material, and a new animal house is being built 
to meet the demands i by the work on animal 
cells. Ib is hoped that this fusion of disciplines and 
the wide variety of techniques which it involves will 
provide unique opportunities for the intimate ex- 


eee Des Haney Here oe tha 
animals as well as Harris, of the 
Sir William Dunn e oe Seay, Oxford, has 
been appointed head of the new labara: 
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THE WORLD HEALTH ORGANIZATION 


HE annual report of the Director-General of 
the World Health Organization for 1959 shows 
the wide range of the assistance given by the Organ- 
ization to oountries throughout the world, both 
directly in the form of projecte adapted to particular 
needs, and through international technical services 
of the more traditional 
The ‘project list’, occupying more than half the 
volume, particulars of the projecta, ee) Vane 
more than 500, in which the World Health Organiza- 
tion has been co-operating with the Governments of 
some 140 countries, sometimes in conjunction with 
other organisations. A summary narrative for each 
project states its aim, the nature of the assistance and 
progre made during the year, and adds, where 
le, an assesament of the resulta obtained. The 
» grouped by country and subject title under each 
of the atx of the World Health Organization, 
includes inter-country and inter-regional projecte in 
which help is given to groupe of countries working 
together on common. problams—a type of project that 
appears to be increasing in im 
In his introduction, Dr. M. G. Candau, director- 
BEETA OADE TO op, Geca are ae 
that in 1959 the Organization's work was carried 
on “against a general of reduced. tension, 
ee ee e and of “substantial improve- 
ment of economic conditions throughout the world, 
pertindlarhy in Manone" and he finds growing evid- 
ence of the determination of world leaders to devote 
more of their countries’ resources to help nations 
still in the early steps of technological and economic 
E ret elite npn Baar ie 


of the world’s most serious health problems. For 
gome, more knowledge is required ; for others, such as 
malaria and smallpox, the methods are broadly 
known and what is wanted now is organization, trained. 
staf and money. 
race Tis! Recorda of the World Health Organisation, No. 06 : ‘The 
oud Henin ely aad in United penna. AT I+283. 
(Genera World H tattonery 
foe, 1900.) 6 Swiss francs; 10s. ; 2 dolars. 


Among diseases calling for Increased vigilance are 
the treponematoees. More than 100 million people still 
live in low-prevalence yaws areas, in several countries 
ae oe ee ee 
syphilis, and growing incidence of gonorrhosa 
Taa bet Goad Ga 16 Gal Gf BS obumivine etree ya. 
Investigations are being pursued in order to ensure 


that the most effective ee ee 
ee ee ee 
ith tuberculosis, fee E R SEA T 


Berlei chemotherapy may for most cases be as 
efficacious as treatment in sanatoria are of 
importance to the many countries where 
acute shortage of sanatoria beds. 

Mention is also made of the newer developments 
against leprosy, bilbarziasis, poliomyelitis and the 
zoonoses, and of preparatory work with the view of 
eradicating 

Much preparatory work has been dane during the 
year for the expansion and intensifloation of the 
medical research programme. Main targetes and 
Priorities, established with the guidance of the 
Advisory Committee on Medical Research, include the 
communicable diseases (with emphasis on viruses and 
diseases denb in tropical countries); for the 


ere is an 


and cardi ; 

nutrition, and problems of the increased risk of 
exposure to ioniring radiations. The ‘service to 
research’ will include standardization of nomenclature 
Be ee AE URE, Gn the spana of 
the Organization’s system of international reference 


Emphasis is also being given to the vast programme 

nit bl improvement of water supplies for oom- 

oh is a objective in the attack 

A enormous problems of environmental sanita- 

tion. Tha prograna will be oarde adh a Alabia. 

tion with departmenta of publio works and with publio 
administrations and financial authorities. 

Annexes to the report give details of the member- 
ship of the Organization, its Executive Board and 
expert committees; the main heads of the budget 
for 1959; and particulars of the secretariat structure 


THE METROPOLITAN WATER BOARD 


ONDON is by far the largess town in Britain 
from wells in. 


Director of Water Examination of the 
Water Board” are an invaluable guide to the measures 
which have to be taken, and the research which has 
to be carried out, to obtain a safe potable water from 
these sources. A 
The first necessity is, of course, to control and 
Regie ot Plan eee ee A good example 
Water Board. Thiriy- acatnetion of to Landon 


the 
yh sta ior 1057-1968.: B. Windle Taylor. Pp. 114+ 
dadar eropa ater Board, 1060.) Tis. 


of what can be done is afforded by the River Lee; 
in spite of the growth of both population and i 
in the catchment area between 1948 and 1958, the 
quality of the river water improved substantially 
during that period. This was due in part to the 
improvement and extension of the sewage works at 
Luton. (including the provision of a final stage of 
treatment by rapid sand filiration or by miaro- 
ee 
several towns, including the new towns of Harlow 
e tects se ec fo 
Lee below the Board’s New’ Gauge intako. 
Within the catchment area of the Thames there are 
three major esteblishments, at Harwell, Aldermaston | 
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and Amersham, from whioh radioactive effiuante are 
These liquors, in which the level of 
ivity permitted is very low, are regularly monitored 
before Be ene ese he aw effluent by the 
Atomic Energy Authority, pay ir ata EE ATE 
and Local Government, and Metropolitan 
Water Board. There is no evidence, e oa 
observations, that there has ever been any activity 
present, at ite raw water intakes, which could be 
attributed to discharges from the three ostablish- 
ments. The concentration of activity in treated water 
is about half that (from fall-out) at the 
intakes, both in the and Lee, the reduction 
being due to removal of suspended matter, radioactive 
decay during storage, and sometimes to dilution with 
relatively inactive well water. A large-scale experi- 
ment was made by ing 500 mo. of strontium-90 
to 1-5 million gallons of water, standing in a disused 
filter bed; during a period of nine months the level 
of activity was by about two-thirds (the 
water contamed algae and much rooted 
vegetation), but the results that grossly 
contaminated waters would not rendered potable 
in any reasonable time by storage alone. 

An examination of waters from a number of wells 
for the presence of alkylbenzene sulphonatese—the 
anionio surface-active agents which are the basis of 
powdered synthetic detergentsa—showed that in some 
they were absent, but thas in others they were present 
1n concentrations similar to those found in the Thames 
eto which sewage effluents are discharged. It is of great 
interest that in a well water the presence of the 
surface-active material may be the only surviving 
evidence that the water has been polluted by sewage 
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or sewage effluent—ammonia, coliform beoteria, and 
the other usually diagnostic constituents of effluents 
having been removed during percolation of the water 
through the ground. These observations were made 
before the use on a large scale of biologically ‘softer’ 
alkylbenzene honates in detergents sold in the 
south of 

Continuing its work on the relation between 
See eee BAG Ree i ie Loain 
by bacteria, a wide range of organic substances has 
now been examined in the Board’s laboratories; 
from this the important conclusion is reached that 
because of the relative immunity of chlorine-sub- 
stituted organic compounds to bacterial attack, it is 
unwise to chlormate effluents containing mainly 
organic matter ; this would include sewage offiuente. 
Chlorination of such effluents has never been widely 
practised in Great Britain but appears to be common. 
in the United States, and there has been a good deal 
of discussion recently on the wisdom of adopting this 

expensive method of treatment. 

Among the other matters dealt with in the report 
are the use of automatic instruments for recording 
concentration of diasolved oxygen (a knowledge of 
which is important in taking a water supply from a 

stratified reservoir); the presence of 
Salmonella organisms in bone meal and other fertil- 
izers; and the i of fluoride in water during 
storage in a reservoir. Considerable advances havo 
been made in the use of the membrane filter technique 
in the countmg of coliform bacteria; with this 
method the count is available after 18 hr. as against 
24 br. with the older multiple-tube technique 

B. A Souneaais 


EAST AFRICAN FISHERIES RESEARCH ORGANIZATION 


the scientist the annual report for 1959 of the 
Hast African Fisheries Research Organization 
can only be a somewhat depressing document*. 
When the Jinja Laboratory was established in 
1947-48 together with the Lake Victoria Fisheries 
Servioe, ‘there seemed to be some real prospect of 
keeping a developing fishery under full observation, 
managing it in a scientific manner in the light of 
both the catch statistics collected by the Fisheries 
Service and the information on the biology of the 
fish soquired by the staff of the Laboratory. In the 
eleven years of its life the Laboratory has not only 
ee ee E 
ə contributions to our knowledge of 

tropical waters. On the other hand, those responsible 
for government at the Pe level have signally 
DE Bares scientifically besed advice 
tendered by the Research Organisation. As a result, 
ee ey eal owing 
to overfishing ly 


controL That this small fishery should be following 
the same downward path as the internationally 


fof no tani of thom wo appoint Wo 


pm ‘sonal Beport 1086 donal Repot 1 arr ap itie Oina: ie Hasi African 


govern us. This last point is further emphasized by 
the fact that in the small staff at Jinja (a director, 
four research officers and two senior field officers) 
there is a vacancy for a fifth research officer which 
cannot at present be filled for lack of finance. Con- 
ea 

almost entirely to fish, and moreover the Lake 
Victoria Fisheries Service has been disbanded, though 
its duties have been, at least nominally, transferred 


to the Fisheries of the three Territories 
concerned (K and Uganda). It is 
much to be h that means will be found to oon- 
tinue the observations on the 


graphy and chemistry, and the algal and inverte 
populations of the Lake, on which the Laboratory has 
made such an excellent start. 

A series of appendixes give in a convenient, concise 
andl recdable Toria the Yeedlta of aome Gf the work 
done at the Laboratory during the year. One of these 
contains important observations on the analysis of 
data based on gill-net catches, made by a member of 
the staff of the Fisheries Laboratory at Lowestoft. 
Another shows how easily and rapidly the very local 

tions of Tilapia ssoulenia in Lake Victoria can 
over-fished down to & level at which the yield 
ceases to be profitable. A third gives briefly the 
results of an investigation, made by an entomologist, 
of 1 e food of several of the species of flsh other’ than 
Cie which inhabit Lake Victoria. In contrast 
to the mainly herbivorous species of Tilapia, the 
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species of Alestes, Synodontis afro-flschers and Mar- 
cuserius grahami eat mostly insecta, whereas Barbus 
aliianalts and Synodontis victoriae get most of their 
sustenance from mails. Other appendrxes contain 
shorter notes on a variety of topics, including the 
growth of Tilapia siti m a dam and some 
obgervations on the control by fish of snails and 
mosquitoes in dams. 

The director, Mr. R. S. A. Beauchamp, who has 
recently relinquished the poet he bas held with dis- 
tinction since he opened the Laboratory in 1048, can 
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look back on a considerable achievement. Not only 
have he and his colleagues laid e firm foundation of 
knowledge of the hydrography, chemistry and biology 
of at least the parts of Lake Victoria withim the reach 
of the Laboratory, but they have also made significant 
contributions, briefly deacribed in the reporte of which 
this is the latest, to our of the factors 
which control the productivity of tropical waters. 

Moreover, the Laboratary itself now hag a world-wide 
reputation and attracts visitors from many countries. 

H. 0. Gusoxr 


U.S. MATERIALS RESEARCH AND DEVELOPMENT FOR NATIONAL 
SECURITY 


A SPECIAL Committes on Scope and Conduct 
of Materials Research was appointed by Dr. 
D. W. Bronk, president of the National Academy of 
Sciences, to review the materials research needs of 
the United States with regard to national defence 
an e Se ee eee to appraise the 
adequacy of the present research programmes to 
meet those needs; to consider the resources avail- 
able; and to make recommendations. A report now 
weued under the title “More Effective Organization 
and Admmistration of Materiala Research and 
Development for National Security” deals with the 
scope of materials reasearch from the point of view of 
the overall adequacy of the present effort, but leaves 
for continumg review by the Materials Advisory 
Board of the National Academy of Sciences—National 
Research Council the question of scope in regard to 
the technical contenh of the programme’. The 
question of scope in regard to the so.entific content 
will be dealt with in a forthcoming report of the 
Academy—Research Council’s Committee on Per- 
spectives m Materials Research. 
The Committee found that important national 
paged programmes, particularly in defence, nuclear 
ergy and space-research are impeded by the m- 
saontacy of the properties of most of the materials 
now available to Fahaiena the severe temperature, 


5 of Somnoes-Mational Research gonel 
Publination 718° Adminis 
of Materials Ri or National Security. (A 


Reeearoh and Development fi 
Report to D. W. Bronk, Prodani d Hauonal Academy 
the Oommittes on ae Bon of Materials Resoarch.) Pp. 
aes CW. 0.” Neue Academy of Buences-National 
Research .) 1 dolar, 


pressure, radiation, corrosion and stress condrtions 
mvolved and give high performance. The Committee 
recommends accordingly that the Government accord 
high priority m national security plans and pro- 
grammes to the development of new and improved 
materials and that the relevant es of the 
agencies and departments be strengthened. Tho 
Committee izes that there is no simple solution, 
but that every level of activity needs significant 
strengthening. To this end it recommends greater 
centralization of responsibility, more support for, 
and more effective co-ordination of Government-» 
sponsored materials research and development pro- 
grammes; Government incentives to encourage 
cones and development on new and improved 
materials; and steps to assure adequate supplies in 
the United States of every chemical element or 
material to support full production and use of 
new and improved ials. It also recommends 
ext in the diagemination of research 
ormetion and strengthening the universities in 
ther dual role of training scientists and engineers 
and pursuing research. In regard to the last, the 
Committee endorses a recently announced programme 
of Go nsored interdisciplinary materials 
laboratories at several institutions of higher learning, 
while as regards the dissemination of information 
it envisages the and acceleration of 
publication and removal of secrecy restrictions sa 
well as the greater support of research deaigned to 
encourage rapid exchange of technical and scientific 
information, includmg expansion and acceleration of 
the Critical Tables project. 


EDUCATION AND INDUSTRY 


industry has traditionally been badly 
Bd served by the universities and by the majority 
of schools. Until quite recently, they have encouraged 
very few of the ablest young people to think in terms 
of an industrial career. 

The prejudice was not all on one side. The typical 
industrialist of not so long ago, while he was ready 
enough to concede the importance of craft training, 
and even of technical education, conceived rather 
narrowly, held that industry had certamly no respon- 
sibility for any but quite courses, and that 
no usefal p would be served by recruiting Men 
on a basis ee intellectual quality rather than skill. 


Prof. D. G. Christopherson, in a recent issue of the 
Eeso Magazine (8: , 1960), suggests that, although 
these attitudes are , ib is the attitude of 
industry which has changed most quickly and most 
completely m our time. Before the War, moet 
professors of engineering spent ther time resisting 
pressure from mdustry in the direction of making 
courses more speci technical, so that the 
graduate would be better able to do a particular job 
immediately on jommg the fim. To-day, the 
influence of industry is in the opposite direction. 
Professors of engineering are urged to keep courses 
general, to resist undue specialization, at least until 
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soe ape gages and to include as much material s8 
possible of a completely nan-technological character. 
employers are still interested in the pro- 
fenial Gils OF what die! antvecsity. does. moet 
place the greatest emphasis on intellectual quality 
rather than on technical 
‘ ‘There are a number of reasons for this. In the first 
place, as the rate of scientific and technological 
‘quickened, the need for people to be 
ble, quick to learn, and capable of covering a 
wide field has increased. It is no good giving a mana 
complete epacialiced taning i phat hebas ep 
m. is obsolete before he has reached the age of thirty. 
Secondly, a large proportion of university graduates 
do not in fact do the job for which officially they were 
trained for more than 4 quite smal proportion, of their 
careers. Finally, as industrial concerns get larger 
and the place of industry in the national life increases 


in importance, the scope of the decisions to be taken - 


by industry become even wider, reaching far beyond 
the boundaries of straightforward technical questions. 


There is a fruitful field for active collaboration ` 


between the universities and industry. Many students 
already go to industry for vacation courses. It 
should be possible to relate what is done in dustry 
much more closely to the academic side than had been 
done in the past. It might be possible for under- 
graduates and even more for uates to do 
part of their ‘course work’ as an Mvestigation of some 
industrial problem ‘in the field’. The ‘sandwich 
courses’ in the colleges of advanced technology may 
prove to be the pioneers in this field. 

But, no matter how good an understanding is 
achieved between education and industry, and no 
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matter how courses are adjusted to meet oontem- 
Pe ee ee ee ee 
process which finishes in the early twenties. Some 
ee ponon 1 ee ee ey 
as in the universities. Specialized postgradua 
courses on technical a foo neon le is ead ea 
industry are becoming commoner and better gup- 
ported. The universities and particularly the faculties 
of science and technology must be prepared to organise 
more of these courses. 

Advanced technical work is not the most important 
purpose for which industry requires its own ‘sabbatical 
years’. There is a at which intellectual renewal 
is particularly valu 


i AEE E ccs ase dee 
fi R hal doe a e 
able to appreciate what the problems of management 
are,- but usually scarcely any systematic 
knowledge of how they have been mastered. 
Education in management in Great Britain lags a 
long way behind that in the United States; this is œ 
matter to which the universities must give much 
more serious attention. By far the greatest difficulty 
is tho recruiting of suitable staff. Management is 
essentially a practical subject, and the man who is 
good at it wante to practise and not to instruct. 
A managerial or business school recruiting ‘students’ 
from a wide variety of industries would be bettar than 


TRAINING IN RADIOLOGICAL HEALTH AND SAFETY 


the night of October 10, 1957, the core of No. 1 
reactor at the Atomic Energy Authority works 

at Windscale became seriously over-heated and as a 
consequence a fairly large amount of radioactive 
material eacaped through the reactor stack and was 
ce Sag pepe over many square miles of north- 
England. Once the alarm was given, the Health 

atay Her vioes OF tha Auahuriey went (eto Scio 

on B S major emergency test. Fortunately no 
signifloant harm was done to the populations of the 


surrounding areas the affair naturally 
received widespread publicity 
By now the ‘Windscale incident’ aise 


into history, ee A unexpected. 
repercussions almost three years later. Following the 


accident, the Prime Minister set up a Committee under 
Sir Alexander Fleck to report, among other things, 
on the organization for control of health and safety 
in the United Kingdom Atomic 
The report of this Oammittee di attention to the 
serious shortage of trained radiological health and 
called for comprehensive 


urgent national importance”. i 

firmly placed the onus of leading the -build-up of a 
national aap Gr specialistg on the Atomio Energy 
Authority. In view of this, the Authority set up a 
farther Committee under- Sir Douglas Veale to 
consider what steps should be taken to provide 
a staf concerned with health and safety for 


ae Aiticity Oommunoo on Hoal anf Bates 


the Authority, and for the nation as a whole, 
atria the establishment of a national training 


How & mitted oP axtenetve bK na, 
radiological health and safety are by no means a new 
problem. The harards to man of ionixing radiations 
have been known since the early years of the century, 
and the experiences of the early radio- 
logical workers have kept the matter well to the fore 
in the minds of their successors. In 1921 the first 
concerted effort to deal with the problem came with 
La 1o ae cane of the first Recommendations of the 

ritish Committee for Radiological Protection. This 
was quickly followed by other national recommen- 
dations and by the Recommendations of the Inter. 
national Commission ; the latter, revised from time to 
time, still form the basis of world-wide radiological 
protection measures. Until 1945, radiological safety 
was a matter of concern limited almost entirely to 
medical radiologists and a handful of physicists 
attached to nio and medical schools. The 
development o ee eee gee 
ys epee audi Production and uses of 
radiations have increased enormously, the number of 
persons occupationally exposed has increased ocorre- 
spondingly, and we are now faced with the position 


io Health ana 
ae ee Ee 
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that, to a Pan or lees degree, whole populations 
are at some The number of hospital physicists 
has inoreased and the atqmio energy industry has 
recruited considerable staffs for health and safety 
vs but it is clear that farther recruitment and 

provision of specialized traming are necessary if 
the inevitable hazards of ionizing radiations are to be 
kept to a minimum. 

The Veale Committee estimates that in the present 
decade, Britaim’s needs will be met by pee 
and training some 500 staff at graduate level an 
600 at technical level. These are modest enough 
figures, but they nevertheless represent a further 
Se gael AS A es 
of scientiflo man-power. Of the graduate group, 200 
are placed in Category 4, with a requirement of good 
degrees in science, medicine or engineering and 
capacity to assume higher managerial responsibilities 
and play a leading part 
The recruitment Sie category is likely to prove the 
most difficult. Establishment of a national training 
centre is rightly rejected by the Veale Committee and 


` it is proposed. the postgraduate training should be 
limited to a small number of ity centres, 
using the normal advanced course research 


studentahips of the Department of Soientific and 
Industrial Research to support the trainees. This is 
probably a wise recommendation. Nevertheless, as a 
balanced radiological health and safety force be Nati 
primary qualifications in physics, chemistry, engmeer 
ing, biology or medicine, considerable pressure re will bi be 
required to overcome the blandishments of lucrative 
industry and professions and the temptations to do 
uate research in the appropriate department 
of the young graduate’s alma mater. A high level of 
altruism may be necessary if a well-qualified medical 
graduate is to accept the rigours of a Department of 
Scientiflo and Industrial Research studentship in an 
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almost alien subject, in order to qualify in radiological 
health and safety. 

The recruitment problem in the rather lower 
graduate category and in the technical grade, though 
not easy, should not prove insuperable. The Com- 
mittee goes well beyond the question of rearuitment 
and training of full-time health and safety staff. 
Recommendations are made on background training 
for groups of admimistratora, managers and 
professional workers whose duties may bring them 
mto contact with radiations and radiation workers. 
Many other groups, varying from medical officers of 
health and general practitioners to publio health 
inspectors, police and fire services and nurses, aro 
hlkely to be incoreasmgly involved in radiation 
problems, and wide dissaemmation of knowledge of 
radiation hazards and protection at a fairly elemen- 
tary level becomes essential. 

In some of the appendixes to the report, outlmes 
are given of existing or proposed traming curricula at 
levels ranging from a Ph.D. course to simple back- 
ground courses. Jt is clear that if recruitment is 
satisfactory, adequate training oan, be made available. 
Eyebrows may, however, be raised in some university 
boards of studies at the proposal that some Ph.D. 
courses should be converted from the traditional 
British research pattern to the American form, 
including a high proportion of formal teachmg and 
examinations. 

Ionizing radiations have become a major and 
ubiquitous factor in modern life, and, as with other - 
developments, they bring their own hazards. “ The 
vigorous implementation of the report could go a long 
way towards establishing public confidence that the 
hazards, which to many are strange and unseen, are 
kept within the limite which might reasonably be 
aero in a rapidly developing civilized community. 

J. E. ROBHRTS 


195° C. OF RADIO- 


ACTIVE AREAS IN RATS EXPOSED TO A HIGH FLUX OF THERMAL 


NEUTRONS: 


IMPORTANCE OF PHOSPHORUS-32 IN CONSECUTIVE 


INTERNAL IRRADIATION 


By JEAN CHANTEUR and PIERRE PELLERIN 
institut National d’Hygléné, Service Central de Protection contre les Rayonnements, B.P. 30, Chatlllon-sous- 
Bagnoux, Salne 


Be PODO O ee T ee 
the organs or areas of the body of a mammal 
capable of becoming the seat of a radioactivity in- 
duoed by exposure to a flux of thermal neutrons. 
Autoradiography at the temperature of liquid nitro- 
gen! seemed to us to be the simplest and 
method of carrying out this localization by applying 
it to a young rat. 
A preliminary calculation has enabled us to fix in 
5 min. the duration during which such rats should be 
subjected to a flux of thermal neutrons (6 x 101 n./om.?/ 
pec.) which we hed available in a large nuclear 
reactor 80 that we could both make an autoradio- 
graphio exposure in an acceptable time, and not 
reach an activity of the block that might be dangerous 
for the operators. (We thank the Service of Biology 
and the loitation Service HL8 at Saclay which 
laced suitable irradiation means ab our disposal for 
bee this experiment to a successful conclusion.) 


Rate weighing 25 gm. were placed alive, in pairs, in 
plastic irradiation cartridges, and the latter were 
conveyed by pneumatic tube to the irradiation holes 
of the reactor. 

After 5-mm. irradiation, the were removed, 
from the reactor. We ascertained that the rate had 
been killed by the flux of neutrons, and that m the 
exposure conditions just described the dose-rate at 
10 am. from the cartridge containing the two rata was 
about 1 roentgen/hr. at the exit from the pneumatic 
tube 


With the usual precautions required by this dose- 
rate (screens, lead containers, remote control, eto.) 
we immediately ed to freeze the rats m 
liquid nitrogen (—195° O.), including them in 
the frozen mixture of water and aloohol, then 
counter-sinking the autoradiography plan accord- 
ing to the technique previously described by one 
of ust. 
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Fig 1 


In order to be able to watch the relative decreases 
of radioactivities induced m the various anatomical 
areas, we have, by a series of preliminary teste, fixed 
the duration of the reference sautorediograph ex- 
posure ab 8 min. This reference autoradiograph was 
then systematically carried out after increasing times 
from withdrawmg the rats -from the reactor (suc- 
ceeaively, 1, 2, 13 and 24°hr., 5, 10, 20 and 30 days 
after being exposed to the flux of neutrons). We 
’ have ascertained, by interposing opaqce filters, 
that there was no low-temperature luminescence 
effect’. 
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Fig. 1 shows the series of reference autoradio- 
grapha, on which will be noticed that immediately 
after withdrawal the radioactivity induced is intense 
over the whole of the section surface, then pro- 
gressively decreases in the course of time, at the same 
time that conmderable localizations exist in the region 
of the bones and teeth. 

As it was probable that saturation phenomena of 
the photographic emulsion could explam the general 
blackening of the firat moments, we have, for each 
duration following withdrawal, systematically made 
other , Shorter, on one hand, in order to 
distinguish possible localizations hidden by the 
saturation, and on the other, longer ones to emphasize 
localizations tending to disappear in the course of 
time. 

We were thus able to ascertain important bony 
and dental radicactive localizations from the very 
first moments following irradiation (Fig. 2), with an 
autoradiographic exposure time of 1 min. which only, 
however,. left a general fog. After six days, this fog 
is much reduced on the corresponding autoradio- 
graphs (Fig. 3), which nevertheless were taken with 
an. autoradiographic exposure time of 45 min. 

As could be expected, the interpretation of activa- 
tion sutorediographs thus appears to be complex, 
and we have been led to te, for the chief 
elements forming the system, the activities mduced 
by exposure to the thermal neutrons previously 
defined, by applying the formula: 


0:6.0.5 t 

PE T A E —0-6 

37 x 10 aia on} 
in which ® is the flux of neutrons per am." and per 
geo., o the cross-section in barng, M the atomic 
weight of the irradiated element, ¢ the duration of 
irradiation, T the half-life of the isotope formed, sand 
A tho specific activity in curies par gm. The total 
activity of each element was then deduced from the 
tables, giving the detailed chemical composition of 
the : 

Fig. 4 shows the decrease of some of these elements 
in relation to time. Autoradiographio detection can 
only be appled to elements poasesaing at the same 
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« "P 6hr. 


& “Ga 6hr. 


time a high initial aotivity, 
period and sufficient energy to allow of acceptable 
exposure conditions. The diagram shows that after 
some minutes, the sodium-24, sulphur-35, phoe- 
phorus-32, oalcram-47 and -45, ocoppar-64 and 
potassium-42 are practically alone m combining the 
three conditions, which confirms the comparison with 
the resulta of previous work with oertain of these 
elements injected alone*-. 

We may thus partly attribute the initial general 
fog to the even distribution of sodium-24, but ita 
short period must appreciably reduce ita autoradio- 
graphic efficiency in a few days. Sulphur-35 coming 
from chlorine-85, of even distribution, must also 

icipate m the general fog. 
On the other hand, it is permissible to anticipate 
bony localizations by activation of calcium and 
_ phosphorus in which the skeleton is particularly rich 
(tricalcium phosphates and apatites). Throughout 
the first minutes, fluorine-20 (teeth) and calenum-49 
probably play an important part. Then phosphorus-82 
and calcium-45 and -47 must take up the relay 
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with slighter activity, but with a longer half- 
life. It should finally be possible to notice a 


“thyroidal locahzation of iodme-128 during the first 


hour. 

A systematic examination of the autoradiographs 
confirms these expectations on the whole: by com- 
paring the various reference autoradiographs during 
a space of time (mm. ), we notice that the 
intense fog of the first hours (Fig. la) has practically 
disappeared in five days (Fig. le), which enables rt 
to be attributed to elementa evenly distributed over 
periods of leas than 24 hr. (sodrum-34 and potas- 
sium-42). The bony and dental localizations that are 
perceived from the first hours for exposure times of 
1 mm. (Fig. 2) remain detectable; on‘the other 
hand, up to four weeks for the reference exposure of 
8 min. (Fig. 1h). The decrease in blackening corre- 
sponding to these localizations is attributable to a 
radioelement of a period of about two weeks, and it 
thus seams that it is easentially phosphorus-33 which 
is the cause in this case, much more so than a long- 
period radioactive calcium, which is, moreover, in a 
thousand times lesser proportion as shown by the 


diagram. The comparison with the autoradio- 


graphs obtained by the same technique after in- 
Jeoting ph orus-32 (Fig. Sa) and calcium-45 
(Fig. 5b) o this mterpretation, for the suto- 
ave PER of the activated rat (Fig. 2) has a striking 
resemblance to that of tho rat that has received the 
injection of phosphorus-82 (Fig. 5a) both by its 
localizations as well as the absence of sharpness due 


s Shr. 
ey eee 
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o/min, ` ajmia. 





Hr. 9h. 30m. 
Sensitivity 300 x 10 





to the very penetrating bete-re 

phorus-82. It should be noticed that after several 
days (Fig. 6) it is poæible to fmd an appreciable 
ropes pel i liga greater 
than the reference exposure (1 hr. 80 min.); the 
appearance then becomes rigorously identical with 
ee ee PEA injections of 
phosphorus-32, which that this 
rani dees da ts eset r ei 
phosphorus and more particularly nuolaio acids. 

As for iodine-128, which should be found in the 
region of the thyroid, it was not possible to show 
this in the oonditions of these ents, un- 
doubtedly on account of its very short period. 


y emission of pho- 
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In order to check these interpretations, 
we exposed to the neutrons flux plastio 
flasks of solutions titrated with soda, 
shosphoric acid, sulphuric acid, iodine and 
, & the same concentration, as in the 
rat's system. The flasks were autoradio- 
pespnal following the same technique, and 
(Fig. 7a) that after equal ex- 
hesan on the first day, sodium-24, pot- 
apsiam-42 and phosphorus-32 give an intense 
bleckening, eulph -35, 10dine-131, calcium- 
47 and -45 a b or zaro blackening. On 
the third day (Fig. 7b), wrth the same ex- 
posure time, all the bleckenings are prac- 
tically nil, exoept for phosphorus-32. 
Fmally, we carried out the gamma spectro- 
metry of a rat on emerging from the pile and 
on the following days (Fig. 8). The appear- 
ence of the and its decreese m 


brought into play during the first days’. 
In conclusion, it appears that an exposure 
to a flux of thermal neutrons must second- 
erily mvolve, by the radioactivity induced 
in the body, a general irradistion of rela- 
tively short duration: by gamma-rays of 
sodium-24 and potassium-42, and a much 
longer irradiation by the beta-rays of phos- 
phorus-32 and, to 8 oertain extent, of 
calctum-45, epsentially localized in the 
akeleton. This letter conclusion must lead 


organ with regard to irradiation by thermal 

neutrons. At the same time it is advisable 
to emphasize the preponderating part payee Y by 
phoephorus-32 in this irradiation, whi 
dangerous somatically by the elective irradiation of 


‘the bone marrow by beta-rays and genetically by 


the activation of ee acids. 
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EFFECTS OF LINEAR ENERGY TRANSFER ON THE RADIOLYSIS 
OF WATER AND HEAVY WATER 


By Dr. E. COLLINSON, Pros. F. S. DAINTON, F.R.S., and J. KROH 
A Department of Physical Chemistry, University, Leeds, 2 


Tree an act in the decomposition induced 
by Lot YA y-rays of water may be represented by 
die equation (1), and oariieg work both im thew 
and elsewhere? has established : 


XY 
G-E oH,O —~~—— QHH + GoHOH + 


Gu,H, + Gu,0,H,0, a) 


and that when heavy water is used instead of 
ordinary water, Gu,/Gp, > Gpo/Ga > Gop/Gon > 
G-p,0/G-5,0 > 1. When radistions of very high 
lmear energy transfer are used, the observed 
yields of hydrogen (G(H,)) and hydrogen per- 
oxide (G(H,O,)) sre much larger, and there is 
evidence that a significant fraction of the hydroxyl 
radicala resol withthe Hydrogen, Pordo to: fans 
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RS ae) and G(Oot) as g funstion of the of 
riial & Deromntage 


HO,: radicals and water as the track expands and 
before solutes can ‘scavenge’ them?. Most solutes, 
therefore, ‘see’ the primary act in, for example, the 
e-radiolyuis of water as given by equation (2). 


a 
Ga ,0H,0 —~~—+ GHH + GoxOH + 
Guo,HO, + Gu,H, + @Gx,0,H,0, (2) 


The aim of the work, which is briefly reported 
here, was to determine (a) whether Py ete (2) is 
valid and (b) the values of G(H), G(OH), G(HO,), 
G(H,) and G(H,0,), and the effect on them of 
changing linear energy transfer and renee the 
irradiated solvent from ordmary water (H,O) to 
_ heavy water (D,0). 

(1) Effects of linsar energy transfer. In order_to 
investigate the effect of the changing lineer energy 
transfer along the «-particle track, aqueous solutions 
of 0-1 N sulphuric acid containing erther (a) ferrous 
ions or (b) cerio ions or (c) cerio and thallous ions 
were irradiated by a flat, external «-particle source 
(polonium-210), the energy of the a-particles entering 
the solution being controlled by the use of interposed 
layers of mica and/or variation m the distance 
between the sources and the surface of the irradiated 
solution. An ionization chamber, similar to that 
described by Miller and Wilkmson', was employed 
for physical daty. 

Perhaps the most resulte are thoge shown, 
in Fig. 1, where G(Fe") for aerated ferrous sulphate 
solutions and G(Ce*) for ceric sulphate solutions are 
plotted against the length of an a-particle track in 
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the solution, as & percentage of the length 
of a 5-8-MeV. a-particle track in the same polu- 
tion, (B). 

For comparison we have also plotted the linear 
energy transfer in keV./u at various distances from 
the end of the track, and it is most striking that 
G{Fe*) passes through a minimum when the initial 
Imear energy transfer of the «-particle track in the 
solution is close to the maximum possible value for 
an a-partiole in this medium. 

The i 


minimum is not 


Pa (dG,/dx) dw 


where Gs is the value of G for that particular linear 
energy transfer (— dĦM/dz) at the pomt on the 
a-particle track a distance » from the end of the 
track. The minimum value of G(Fe*) = 8:65 ia in 
very good agreement with the value from 
the empirical formule of Schuler and Allen’, which is 
based on experiments with mano-energetic beams of 
He* ions. 

The presence of thallous ions in, solutions of ceric 
sulphate does not influence G(Ce*) for a-particles of 
energy <8 MeV., and hence no hydroxyl radicals 
are available to this solute, presumably because they 
are removed by reaction with one another or with e 
molecular products. Since G(Ce*) increases wrth = 
(seo Fig. 1) we conclude that intra-track reactions 
removing reducing species are occurring to a decreas- 
ing extent and that the back-reaction concerned may 
wall be (8): 

H + H,0,— H,O + OH (3) 

When tritium §-particle radiation was used, both 
the deaerated ferrous system and the ferrous io 
system were also studied. The value of G(Cce*) was 
found to be 2-84, which is much lower than Hard- 
wick’s value’ of 4:54, and this and other data lead 
to values of molecular and radical yields GH = 2 9, 
GOH = 2-1, Ga,o, = 1:0 and Ga, = 0-6) for acidi- 
fied water, which sre much closer to thoge for 
cobalt-60 y-rays than the values hitherto acce 
Consideration of this result, the date given in Hig. 1 
and the value of G(Ce*) for y-rays, indicates that 
G(Ce*) has a maximum value at a lmeer energy 
transfer intermediate between the mean values for 
polonium-210 a- and tritium p- icles. This maxi- 
mum has been predicted by Burch’, though at lower 
values of the lmear energy transfer. 

(2) Isotope effects. An i effect, similar in 

and sign to that o ed. for y- and 
X-rays, was found for tritium $- and polonium 
a-particles. This effect at first increases with m- 
creasing mean linear energy transfer, then passes 
through a maximum and decreases in the region of 
mean linear energy transfer corresponding to low- 
enorgy «-particles. This is illustrated by the values 
of the ratio Gp/Gu which are given in parenthesis 
after the type of radiation: 220-kVp. X-rays (1-11), 
tritium §-particles (1-14), 3-MeV. a-particles (1-17) 
and 1-6-MeV. a-particlea (1-04). 

Associated with this effect are differences in the 
initial rates of formation of deuterium and hydrogen 
peroxides, and the steady-state concentrations of 
these two compounds in eerated heavy and ordmary 
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water irradiated with tritium 6- 
deuterium peroxide is initially formed at about the 
same rate, the steady-state concentration ultimately 
reached 1s higher, and measurements of the decom-. 


position mduoed by irradiation of ~ 10-* M deuterium ` 


peroxide solution in heavy water, and hydrogen 
peroxide solution in ordinary water, showed that this 
effect is due to & more rapid decomposition of the 
latter. 
-Ful details and further discusion of 
these experiments will be published elsewhere. 
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ORIENTING EFFECTS IN OCTAHEDRAL AQUATION 


By Sin CHRISTOPHER INGOLD, F.R.S., Pror, R. S. NYHOLM, F.R.S., and Dr. M. L. TOBE 
Department of Chemistry, University College, London 


three recent reviews of octahedral substitution’, 
the subjects considered include aquation, which 
subsequent work! seems now to have appreciably 
clarified. This article is written because it appears 
possible to discuss the mechanism of aquation with 
more assurance than. before, to i more fully an 
extended pattern of rate data, to offer the first 
stereokinetic rule spplicable to octahedral sub- 
stitutions. 


(1) Experimental Data 


The experimental data are of two kinds, namely, 
rates of aquation, and the proportions of isomeric 
products formed by aquation. As to the latter, it 
has not always been appreciated that the products 
formed may be different from the products found, 
because the initial products undergo isomeric changes 
at rates often comparable to those of their formation. 

In attempting to these phenomena, our 
starting point is still the observation’ concerning 
cobalt (IIT) aquations of the form: 

[Co en, A X} + H,O — [Co en, A OH,}* + X- 
that, with a constant replaced ligand X, a constant 
stereochemical relation, os or tans, between X and 
the ‘orienting’ ligand A, and a suoceasion of ligands 
A, taken in & presumable order of decreasing electron 
supply to, or m ing electron withdrawal from, 
the metal, the rate of aquation at first falls sharply 
and then rises sharply along the series. This can be 
illustrated more fully than before, aa it is in the third 
column, of Table 1 (en = ethylenediamine). 


(2) Duality of Mechanism 


Following the lmes of an early theoretical treat- 
ment sa similar patterns of kinetic phenomena m 
chemistry, rates such as those shown in 

le T have been schematically plobted*,1%,0 on two 
curves which intersect at a rate minimum ; and the 


from the reaction site, gyer any electron import 

may be to it, must be required in order to bring the 
system to the transition state: obviously, ligand 
loss is in the lead, as is consistent with the presumed 
mechanism, Syl. Along the rising curve, an excess 
of electron import to the reaction site is needed in 


order to produce the transition state: here the 
binding of water must be in the lead, and the mech- 
anem bimolecular, as is the assigned mechanism, 
Syl. 

In order to develop this general approach in more 
detail, not only with respect to the rate pattern but 
also in regard to the stereochemical orientation of 
aquation, for which the data are in the fifth column 
of Table 1, it is necessary to consider the electronic 
constitutions of the orienting ligands, and so to 
deduce the types of polar properties they should 
possess, and the effecte of such properties on rate 
and orientation in the two mechanisms of aquation. 
We shall have to consider three different types of 
polar properties. 

Table 1. RATES oy (b, IN BEO.—? AT 25°), AND ISOMER RATIOS (PAR 
Frast- 


Out OORTIGURATIONAL CHANGE) OF FORMED PAQUETES Ix, 
TAR AQUEOUS REACTIONS 


[00 en, A X}* + H,O — [00 en, A OHI + T- 
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(3) Inductive Effects (+ f) of Ligands 


Under the term ‘inductive’ effecta, we include all 
electrostatically induced deformation of electron 
shells within the atoms, but exclude all electron- 
transfer, or ‘conjugative’, proceases. 

On grounds well worked over in organic chemistry, 
we can at once make relative assessments of inductive 
polarity among some of the orienting groups of con- 
cern to us. Thus we can write the following order of 
increasing imductrve electro-negativity (electron 
attraction), or, what is synonymous (for m these 
considerations, which are wholly relative, it is con- 
venient to retain the alternative modes of expression), 

electro-posttivity (electron repulsion) : 
OH, Cl, NO,, NH,*, OH,+. The groups N, and NCS 
need further consideration. It seems plausible to 
assume that the fractional charge, negative ın N, 
and positive in NCS, conferred on the first atoms of 
the groups by the second-written and (as we think) 
leas weighty structures of the canonical pairs : 


t+- - + + ~- 
NeN-=N, N-NEN, and N=C=8, N=C-8, 


will be more important for induction than the more 
distant, formally mtegral charges. We can then set 
down. the electro-positivity differences N, > NCS > 
NO, and N, > Ol, and go build up the followmg 
more extensive series, in which some theoretically 
unresolved dubieties still remain : 


OH, N, > Cl, NCS > NO, > NHs, nyuat > OH;* 
tin y 
——— +I —— standard —I 
Electropositivity sequence 


There 18 no convenient natural zero of electro- 
positivity or electronegativity within our range of 
relative structural effects. We therefore choose a 
working zero. Among the complexes to which 
Table 1 refers, most of the octahedral positions are 
occupied by n.t groups, and in another, leas fully 
investigated but probably simular series, most are 
occupied by NH,* groups. Electrostatioally, these 
ligands must be much alike, and we could quite well 
adopt erther as our mductive zero, as mdicated in 
the sequence written above. Most of our orienting 
ligands thus become olassfled as inductively electro- 
positive. Tho exceptions are NH,*, which we take 
as inductively neutral, and OH,*, which on this scale 
is electronegative. 

An inductive effect acta, not on stereospecifically 
selected orbitals but on the general electrostatic 
situation, and most strongly on the most polarizable 
electrons of the nearest atom. We may plaumbly 
take theee to be the unshared electrons of the quantum 
groups contributing to the valency shell of cobalt ; m 
particular, the 3d. sub-shell of six unshared electrons, 
which surrounds the atom, fillmg up the spaces 
between the ligands. An mductively electropositive 
orienting ligand will prees this electron sub-shell im 
all directions away from itself, between the other 
ligands, so causmg it to encroach the more on all of 
them, and more especially on the trane-ligand. (This 
would be a so-called ‘trans-effect’.) 

Such electropositive electron displacement will 
evidently affect substitution mechanism by pro- 
moting a loosening of the replaced ligand, gone 4 
retarding the entry of water. It follows that rt wi 
promote Syl, and retard S p2 aquation. 
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The summary of these conclusions 18 that the + I 
effect of orienting ligands will, ın the order of the 
electropositivity sequence grven above, promote Syl 
and retard 92 aquation, and will do all this more 
strongly m trans than in cts-positions. 


(4) Electromerlc Effect (+ E) of Ligands 


Two conjugative, or electron-migratory, procemes 
are factors in the overall polarity of our ligands. In 
this section we shall consider an electroposrtive con- 
jogative effect’, that is, one which transfers elec- 
trons from the ligand to the metal. It is permitted to 
ligands which have an unshared par of electrons on 
the atom adjoining the metal. In the initial state of 
the reacting system, the metal has no empty orbrtal 
with which it could accept a share of such an electron 
pair. Bub in the tranartion state, provided that the 
meoming water does not become bound too early, 
the metal will have the emptying orbital of the out- 
going hgand. Thus, if we disregard hyperconjugation, 
the conjugative effect under consideration 1s neces- 
sarily absent from the mmal state, but possibly 

in the transition state. That is why we 
sub-classify it as an electromeric effect (+ E), rather 
than as a mesomerio effect (+ M). 

Among the orienting ligands we have examined, 
four, namely, OH, N;, Cl and NOS, possess 
electrons in a location in which they could conjugate 
as described. Theory is equivocal about the relative 
conjugative powers of these groups. We might 
expect that their property of electropositive con- 
oeaan would be ordered with some reflexion of the 
inductive electropositivity sequence, OH, N, > Cl, 
NCS. However, N, might have to be moved down, 
and NCS up, in the conjugative sequence, because the 
adjacent-charge rule reetricta conjugation by N, 
except in ita mmor canonical structure, whereas NCS 
conjugates through ite major structure m which the 
atoms are uncharged. Formally, the group OH, 
should bring the rear of this series; but we 
regard the takara electrons of that group, like 
those of SMe,* m organic chemistry, sa incapable of 
conjugation, so that OH,* is not an effective member 
of the clas. 

Since electromeric conjugation + Æ requires an 
emptying bond-orbital, it will enter into, and 
faciltate, only Syl aquations, which are initiated by 
ligand loss. It will take no part in Sy2 aquations, 
neither hindering nor helpmg them. 

A stereochemical condition is involved m the 
+ B-effect ; for conjugatmg orbitals must be non- 
orthogonal. In the tetrahedral bindmg situations of 
organic chemistry, this condition is commonly ful- 
filled ; but the prohibition of orthogonality is known, 
for example, in the cases summarized under “Bredt’s 
rule’. In octahedral situations, the rectangular 
bondmg introduces frequent orthogonality restric- 
tions, and we have one here. For the orbital of the 
ligand electrons which might conjugate with an 
emptying octahedral bond-orbital is orthogonal to 
the trans octahedral orbital and non-orthogonal only 
to the cts-orbrtals. Thus, electromeric conjuga- 
tion + E m restricted to cts-related ligands (a ‘ois- 
effect’). 

This stereospecificity has a further possible con- 
sequence. For, if the group, which is normally the 
most easily replaced of the groups present, 18 irens- 
related to the orientmg ligand, the latter may cause, 
ın & normally leas easly loosened cts-group, a degree 
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of prior loosening, msufficient for its own replacement, 
but sufficient to allow it to engage in a tentative or 
complete edge-displacement involving loes of the 
labile trana-group. Thus, the substitution could 
involve some rearrangement, & trans-factor giving & 


group A. For a orienting group, the greater 
the normal ease of loosening of the replaced group, 
the less extensive should be the rearrangement. 
Among our replaced groupe, provided that they are 
compared in the same structural environment, the 
order of extents of rearrangement on aquation 
should be Cl > Br > NO, 

In summary, we may say that the + B effect of 
the orienting ligands, OH, N,, Cl and NOS, will 
leave untouched Sy2 aquations, but will promote 
Syl aquations, chiefly of substrates having cts-related 
orienting and replaced groups; but in the isomeric 
trans-substrates it will induce a tendency to sub- 
stitution with rearrangement, in the order Cl > Br > 
NO, of replaced groupe. 


(5) Conjugative Effect (— T) of Ligands 


This electronegative form of electron-transfer 
involves conjugation the other way round, that is, 
between unshared electrons of the metal, and an 
orbital which can be emptied sufficiently m the 
orienting ligand to allow the latter to share them?. 
The unshared 8d, sub-shell of cobalt is the source of 
the electrons. Any ligand having a double bond 
transformable to a dipolar bond the positive end of 
which adjoins the metal will be able to share one 
pair of such electrons. At least one of the three 8d, 
orbitals of the metal is always non-orthogonal to the 
receiving ligand orbital, so that at least one pair of 
electrons is always available for sharing. Hense this 
form of conjugation belongs to the ground-state of 
the complex, that is, to the initial state of the 
reaction: in this aspect, we would sub-claaaify it as 
a mesomeric effect (— M). Depending on the polar 
needs of the reaction mechanism, it will make the 
transrtion state either easier or harder to reach, and 
60 it will erther facilitate or retard reaction. In the 
former case only, the possibility arises that an 
intensifloation of the conjugation will stabilize, and 
therefore occur in, the transition state, so making it 
still more accessible, and providing a further facilita- 
tion that we would sub-classify as an electromerisc 
effect (— E). The conjugative effect (— T) includes 
both its mesomeric and electromeric sepecta. 

The only orienting lgands of those used in the 
present work, which have the electronic structures 
One ened ee ae conjugation, are N, and 

Considerations familiar in organic chemistry 
lead us to place ther conjugative electronegativities 
in the order, N, < NO.. 

By retracting part of the cobalt 3d, shell, these 
E dale E dior E rae a aaron ed 
52 equations, and will remst fhe ligand loss with 
which Syl aquations must commence. 

Because this conjugation of the orienting ligand is 
with the unshared-electron sub-shell, rather than with 
an orbital binding another ligand, it is not sharply 

ifo. But by withdrawing the 3d, sub-shell 
largely from the spaces between the trans-ligand and 
the four ovs-ligands, it should exert its 
influence in the frans-position (another ‘trans-effect’). 
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In summary, the electronegative conjugative effect 
of onentmg li in the order N, < NO, will 
inhibit Syl and promote Sy2 aquations, koting thus 
more strongly. at tirans- than at ots-positions. 


(6) Polar Effects on Rate 


In trying to anticrpate the results that might 
follow from the joint action of the three polar factors 
(sections 3-5), our mam guide is organic chemical 
experience to the effect that, leaving hyperconjuga- 
tion out of account, conjugation is nearly always 
more powerful than in the control of 
reactions. Thus, in arranging the sequence of 
orienting groups used in Table 1, we begin with the 
+ E and end with the — T groupe, otherwise using ` 
the order of decreasing electropositivity throughout. 
The major i which then remains is in the 
placing of the N, group, which belongs to both con- 
jugative types, and possibly ought to have been 
entered twice in the series. 

The fall of rate with decreasing electropositivity, 
and the su ing rise with increasing electro- 
negativity, have been noted before, and are the basis 
of the assignments of mechaniam suggested in the 
last column of Table 1. We can now see further that, 
ee a a a 

those for trans, while over the rising 
part, the rates of trans-isomers are the greater, with 
the result that the rate minmrum shifts one place on 
passing from the ots-series to tho trans. This accords 
with our antiorpation of stereospecific + Æ ots- 
activations in Syl aquations, and of favoured — T - 


remains observationally ; i 

ally ambiguous, and pert o: the rate for the trans- 
complex may, despite the of mechanism 
entered in the last column. of Table 1 (but see note A), 
be that of an Sy2 aquation. 


(7) Polar Effects on Orlentation 


In aquation, the predominating tendency is to 
retention of configuration. For ov-substrates, such 
retention, molndmg that of optical configuration 
where investigated, is total so far as is known. We 
can understand the general tendency on the ground 
that the aqueous solvation shell of the complex ion 
will contain an inner layer of water more or legs 
embedded among the ligands im the structure, and 
that such & layer is likely to include at least one 
water molecule in such close juxtaposition to the 
replaced group that substitution, whether with 
loosening or bmding in the lead, can be effected 
simply by a local exchange of these interactions, and 
thus without the necessity for any more widespread 

The exceptions to total retention of configuration 
oocur among the trans-substrates; and there, ied 
are confined to those in which the 
belongs to the + E olsas; but they do in So all 
examples of this class. Tt can also be gaid that the 
configurational changes arise only in, but in all, 
those agquations of trans-substrates to which, on 
account of the rate trend, an Syl mechaniam has 
been This is so much in line with what 
would be from the theory of ots-specificity 
m the + B-activation of Syl aquations’ that it does- 
not seem unreasonable to apply theoretically guided 


x 
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‘induction’ to rather few experimental results m 
proposing the folowing statement of requirements 
or aquation with rearrangement: In octahedral 
aquations which replace X m filled-sub-shell com- 
plexes MR,AX of a transition metal, M, configura- 
tion will be totally preserved, unless A and X are 
trans, and A but not R has unshared electrons 
adjoming M. 

It 13 imphed in the theoretical basis of this rule 
that the conditions for rearrangement which it gives 
are necessary but not sufficient. Other requirements 
can be foreseen, as that R must be labile enough to 
be loosened by the available ots-activation, and X 
not so labile ag to be lost altogether independently 
of R1 ing. However, such conditions are not 
sufficiently definable in terms of constitution to be 
incorporated in a rule, and hence we leave ours as & 
permissive rule, 
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FALL-OUT CAESIUM IN SURFACE SEA WATER OFF THE CALIFORNIA 
COAST (1959-60) BY GAMMA-RAY MEASUREMENTS 


By Er. THEODORE R. FOLSOM, Er. G. 


J. MOHANRAO and PERRIN WINCHELL 


Scripps Institution of Oceanography, University of California, La Jolla, California 


i and omeium-187 decay at very 
similar rates and relatively slowly, half in about 
thirty years, or lees than 2 per cent a year. The rate 
at which fall-out is reaching the land surface has been 
followed by extensive measurement of these nuclides 
in soil specimens and in various ram samples. On 
the other hand, the collection of similar ‘data con- 
cerning fall-out entering the sea has been serioual 
limited by measurement difficulties, arising mainly 
from the excessive dilution and from the presence 
in sea water of relatively larger amounts of natural 
radicactivities and relatively enormous amounts of 
stable nuclides that interfere with chemical ooncen- 
tration and purification. 

Fortunately for study of fall-out phenomena, the 
dispersal of these long-lived fiæion products after they 
have entered the sea is also of great interest im 
the study of food-chains, especially those directly 
influencing fisheries, and also in the oceanographic 
study of water movements and mixmg. Yamagata 
has developed a successful technique for measuring 
cæmum-137 im sea water through ite beta-ray after 
numerous steps of chemical purification ; recently he 
has reported! his measurements of the recent dis- 
tribution of omsium-137 in waters close to the coast 
of Japan. Bowen and Sugihara, of Woods Hole 
OQvoeanographio Institution, have studied fall-out con- 
stituents ın the sea for several years and have 
reported? recently on the horizontal and vertical 
distribution of strontium-90 in the Atlantic Ocean. 
They point out that their vertical profiles indicate 
downward mixing to depths of 800-700 metres at a 
rate much more rapid than might be predicted from 
existmg radiocarbon measurements. They show that 
& significant amount of strontium-90 has penetrated 
even to a depth of 1,000 metres. 

The oceans are very large, and many more of this 
sort of data must be collected before generalizations 
regarding either the arrival or dispersal of fall-out 
become convincing. Efforts at the Scrippa Institution, 


therefore, have centred around simplfying the 
chemical aseay required, adaptmg it to shipboard 
use, and the application of electronic aids wherever 
posmble. Whereas strontium-80 emits only bete- 
rays and its assay ın sea water is tedious, cwsium-187 
(which falls into the sea at about the same rate) has 
both beta- and gamma-emission. To utilize the 
beta-ray as Yamagata and others have done, the 
trace of radiocsermm must be chemically separated 
from the large amount of potassium present in sea 
water, includmg the natural beta-emitter potassium- 
40. Om the other hand, the modern semtillation 

eter has no trouble resolving the gamma-ray 
of csatum-187 (0 66 MeV.) in the presence of much 
larger amounts of potassium-40 (1:46 MeV.). The 
assay problem, therefore, reduces to one of concen- 
trating sea water cæsium m a way convenient for 
gamma-ray spectrometry. Gustafson, Marmelli and 
Brart at the Argonne National Laboratory have 
shown how low-level gamma-ray assays can be made 
from bulky specimens by use of scintillation 
detectors. It was found at Sarmppe t the radio- 
cesium in a barrel of sea water, brought down 
together with roughly 30 per cent of the potassium 
by the mere addition of sodium cobaltinitrite, could be 
collected as a precipitate having a volume of about 
250 ml. This wet material, placed near a 3-in. 
diameter sodrum iodide scintillation crystal, gave 
accurate and reproducible measure of the cæsium 
content as could be established by adding known 
amounts of radioossium to controls. For this sort of 
work, & 256-channel gamma-ray spectrometer is now 
available at Scripps; a digital computer accessory 
developed at Sorippa now permits storage of informa- 
tion, on short magnetic tape loops and gives means for 
ee 
elimination of background effecte. At preeent the 
precipitate ia allowed to settle overmght, collected 
after decantation and then exposed to a 3-in. crystal, 
generally overnight. It ia expected that gamma 
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spectrographs will be made im lees than 2 hr. by the 
use of larger crystals; and it is planned to have the 
initial precipitation carried out on board tho 
research ship so that only the concentrated pre- 
cipitate need be brought beck from the longer 


Sea 
tails of the procedure will 


pear elsewhere. 
Satisfactory uction of resulta been demon- 
strated; the between the assays of five 


Sonicare Gates ee re 11 per cent. 
It now appears unnegessary to resort to the use of 
guch large samples ; nevertheless, several uncertain- 
ties in the early work were avoided by this means. For 
example, storage in full-sized steel oil drums for one 
was found to cause a loss of about 20 per oent 
Gh the adioceenim to she walls: and storege for 
one week in a rubber barrel caused a loss of about 
18 per cent. Losses of this sort may be serious when 
small F aie are stored for a long period, but, of 
course, are elimmated by immediate chemical 
itation. 
le 1 gives the results of twenty preliminary 
assays made on 200-litre sea water samples taken just 
beyond the surf rone (800 metres from shore) at 
Scripps pier. Serial 10 was deliberately taken when 
the water was brown with terrestrial mud from a 
heavy local rain; it us not significantly exceptional 
in cæsium content. 

The average cmsium-187 is 97 micromicrocuries 

per kilo litre (97 upo. /ikl.). 
e Table 2 shows the results for water carefully col- 
lected in 200-litre aliquots in the open sea many 
miles from shore. The average concentration 18 
138 pyc. jkl. 

For comparison there are two groups of measure- 
mente made by Yamagata’ concerning Japanese 
waters. He danced from industrial salt concentrates 
that coastal waters early in 1958 contained c#sium- 
187 in the amounts 70-150 pyo./kl Later, by direct 
low-level beta technique, he measured the concen- 
tration in 1959 surface sea water taken from salt 
works, reportmg the average omaium-137 from 
fifteen samples as 880 upo. /El 

Of course, too much should not be expected from 
cursory comparisons between these preliminary sete 
of measurements. It is belioved that the oceano- 
graphic phenomenon called ‘upwolling’ does not occur 
in the region where the samples of Table 2 wero 
taken; nevertheless, theso waters may have been 


preci 


Table 1. CONONNTRATION OF OBSIUM-137 Of Bui WATER FROM 
Sors Pom 

















CaCl carrier Os-137 

No. Dato collected mgm./L apo. jkl 
1 11/80/59 | 0 76 
3 12] 250 0 183 
3 3/59 0 104 
4 1/50 100 168 
b 1) 260 0 67 
6 1/16/60 0 90 
7 1/23/00 20 185 
8 2; 8/60 30 145 
9 Y 4/00 0 108 
10 2/12/60 25 108 
11 6/60 0 108 
12 4/60 0 99 
13 3 o 0 45 
14 8/17/60 0 46 
15 8/60 0 67 
16 60 0 7? 
17 9/60 0 76 
18 5/80 0 71 
19 0 88 
20 Í 4/27/60 9 188 
iz Average 07 
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Tabb 2. OONGMIYRATION OF C.MSIUM-137 IK BiWKPLIS FROM THO 
: 5 OPEK BEL 











1 
2 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 

















Bample No. 5 was collected in a neoprene drum. The rest in steel 


infiuenced by local vertical rhixing of some sort, 
perhaps at a place thousands of miles to the north 
of the sampling position. The range of variation in 
concentrations which appear in these tables as well 
as in Yamagata’s 1959 measurements (240-650 
upo. /kl) should be a warning to those who might 
hope to establish for speciflo oceanio areas the 
average vertical profile of radiocmetum (or radio- 
strontrum or any other water tag) with only e few 
measurements. 

The increase in cesium in Japanese waters 
between, 1958 1959 corresponds to an increase ın 
weapon -testi activity and to a world-wide increase 

in fall-out, owever, the difference between the 
California and the Japanese surface concentrations 
might be due to several factors; oertainly to be 
considered aro the reporta of consistently higher local 
fall-out in Japan, and also are the differences of 
positions of Japan and California in the general cir- 
culation of the Pacific relative to the weapons proving- 
grounds. Certainly, the behaviour of a water tag in 
surface-water must be explored first, but these waters 


transport k 
when samples from several depths can be examined. 
Plans therefore have been made to sample Pacific 
waters to depths where there is little motion. 

Arrival of fall-out, being associated with rainfall, 
is at best spotty. However, during the past eighteen 
months there haa been a moratorium in weapons 
testa; and over this period there have not appeared 


the large values witnessed during the previous 
years. vantage, of course, should be taken of this 
simplifying circumstance to establish background 


values related to the ocean. Another factor arming 
from the moratorium should be mentioned ag it 
concerns the measurement of radiocesium in sea 
water. During the past year the shorter-lived fismon 
producte have become so attenuated that 

nothing needs to be done now to eliminate ther 
interference with cwaium-137 in & gamma-ray spectral 
analysis. Prior to this recent, happy period, the 
obscuring effects of fresh fall-out constituents were 
combeted at Scripps erther by additional chemical 
treatment, or by fullest use of the digital computer 
already mentioned and developed for just this 
purpose. 

The matter of vertical biological transport cannot 
be overlooked. However, one can present an red fa 
ment for neglecting the biological transport o- 
E cede aa A one 
and Sugihara for ignoring this contribution in the 
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caso of radiostrontium. They argued that biological 
transport cannot be important because of the presenco 
of large amounts of stable strontium and calcium in 
goe water. Cxsium, too, is notably soluble; only 
traces of the radionuclide enter as fall-out and these 
must share with large amounts (about 0-002 mgm./ 
litre) of stable caesium; and also there is present in 
sea water much larger amounts of potessium (about 
880 mgm./litre). It is common experience that 
Ppotaasram and cesium are found together in many 
reactions—organic and inorganic. Stil, a consider- 
able loss of radioceaium to surfaces has been observed 
in the actual ing of sea water specimons, and 
too Irttle is now known about the behaviour of stable 
cæsium in the actual seas. Fortunately, the chemical 
behaviour of cwsrum is quite different from that of 
strontium ; exploration based upon the progress of 
fall-out in the ocean should exploit this. At the 
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outset, sampling of radiostrontium ahould go along 
with that for radioossium. 

Various aspects of this work have been supported 
by the United States Atomic Commision 
(Contract No. AT(11-1)-34, Project Agreement 
No. 56), and by the Unrted Statos Office of Naval 
Research (Contract 233(84), Amendmenta No. 7,8,9). 
We are grateful for suggestions that have come 
personally from Drs. V. T. Bowen, T. T. Sugihara 
and N. Yamagata.. We wish to thank D. O. Martin 
for related preliminary studies, and also Barbara 
Edwards, William Hartin and Richard Schwartzlose 
for skilful technical assistance. 


* Gustafson, P. F., Science, 130, 1404 (1059), 

3 Yamagata, N., Neture, 184, 1518 (1060), 

* Bowen, V. T., and Sugihara, T. T., Waters, 186, 71 (1960). 

‘ P. F., L. D., and 7 ” » . 
Berini Marinelh, and Brar, 8. B., Sotence, n 


VISCOSITY INCREMENTS OF NON-IONIZED MOLECULES 


By ALFRED POLSON ' 
Councll for Sclentifc and Industrial Research and University of Cape Town Virus Research Unit, Medical School, 
Cape 


DISTINCTIVE property of colloidally dispersed 

substances a6 opposed to crystalloids 1s their 
relatively higher intrinsic viscosity or viscosity 
increment. The reason for this is that the medmm 
in which the macromolecular particles are dispersed 
may be regarded as continuous on account of the 
great differance in size between the suspended particles 
and those of the medium. For such systems the 
frictional forces encountered by a particle moving 
through such a medium may be calculated from the 
well-known Stokes’s equation. Low molecular sub- 
stances (so-called orystalloids) do not obey Stokes’s 
equation since the medium im which the molecules 
are dispersed may no longer be regarded as oon- 
tinuous. When these low molecular substances move 
through a medium composed of molecules of smilar 
size they will encounter less friction than colloid 
particles, by slipping into empty spaces in the 

A : ij 


viscosity and diffusion measurements with 
crystallorda, the slipping effect will show tteelf as a 
low-viscosity increment [n] or as an abnormally high 
diffusion-rate. 


Viscosity Increments of Low Molecular 
Substances 


As might be expected, the departure from the ideal 
or macroscopic friction law of Stokes becomes more 
pronounced the more closely the molecular diameters 
of the particles approach those of the 
dispersion medium. In Table 1 and Fig. 1 are shown 
the viscosity increments of low and high molecular 
substances in water ab 20° C. as æ function of their 
molecular volumes expressed as log (WV). 

The (y] forthe low molecular substances are greatly 
dependent on the molecular volumes, being almoat 
zero for urea and rising to 0-024 for sucrose, and 
0-085 for norleucine. An i ing conclusion may 
be drawn ing the molecular state of water from 
the [n] log (MY) curves. Let (MV) be the molecular 


Town 


volume of the dissolved substance and (mw) that of, 
the dispersion medium. We may then write : 


[n] = FMP) — (me)] 


where F is an unknown factor. Whatever F may be, 
[n] will approach zero when (MY) approaches (me). 
Knowing (MV) when [n] = 0 we may estimate 
(mo). 

From Fig. 1 it is obvious that the [n], log (MV) 
relationship for low molecular compounds is presented 
by a curved which pinpoints on the ordinate 
at log (MV) = 1-58, indicating that the [n] will 
equal zero when the substance under investigation 
Table 1. Visoosrry INORINIWTS AND MOLAR VOLUMES OF A NUMBER 


OF O&YSTALLOIDAL AND COLLOIDAL SUBSTANCES MEASURED IN WATER 
AXD ELECTROLYTE SOLUTIONS, KRAPROTIVELY 

















Visooalty 
Mol. vol, {norement 
461 0 002 
435 0 0104 
60 6 0-Oa4 
53-0 0 080 
73 8 0 O23 
78-4 0 012 
70-6 QO 028 
91:3 0 032 
92-7 0 085 
108 4 0-035 
111 9 0 086 
186 3 Q 0174 
200 9 0 0843 
19,525 0-105 
30,514 0 045 
31,000 0 0427 
46,720 0 0403 
51,100 0 0488 
240,170 00525 
407,200 0 O71 
857,700 00408 
6,407,000 o 082 














iA ral nad fom “Handbook ot Chemistry 
and 1 ), the molecular weights of of the protems from 
Svedberg and (ref. 2), the viscomty increments from papers 
of Polson (refs. 8 and 4) and um ta. 


* Brohult (ref. 5). 
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Log (MF) 
Variation of [9] with log (MF) 
~~ Sos tronlar spots are Mie ‘ays of the 


The open square is 


"Fig. 1. 
molecules, 
and the 


has a molar volume of approximately 88. As the 
viscosity measurements were all made in distilled 
water at 20° O., it indicates that water has a molar 
volume of 88 at ’20° C., therefore a molecular weight of 
88 or a chemical- structure of (H,0),. This is con- 
firmatory evidence of the well-established fact that 
water molecules form aggregates of the type (H,.0), 
where n = 1, 2, 3, eto. At low tures tho 
digher olymers predominate, and at elevated thermal 
els the monomers are in excess. 

It is interesting to note that the top of the wedgo 
shows the variation of [n] with log (MY) for the 
aliphatio amino-acids which may be regarded as 
composed of rod-shaped particles, while the lower 
curve presents the [n] of the molecules with moro 
compact structures. 


Viscosity Increments of Colloidal Particles 


From Fig. 1 it is apparent that the [y]’s of the 
macromolecules are independent of molecular volume. 
The scattering around the mean value may be 
ascribed to variation in states of hydratson or in 
particle shape. 

It has been shown in @ previous communication 
that [nL the molecular weight M, and the dif- 
fusion constant D are interrelated by the folowing 
equation : 
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k 
[a] = arpa 


where k is an empirical constant and equal to 8-06 x 
10%, This equation was derived from the Stokes— 
Einstein diffusion equation and from Einstein's 
viscosity law. The empirical constant was based on a 
knowledge of the molecular weights of a variety of 
proteins as determined by the oul turbine ultracentr- 
fuge. The value of k at 20° C. calculated from theory 
was 6:16 x 10°". It was further pointed out that 
the discrepancy between the theoretical and empiri- 
cal values disappears when the numerical in Einstem’s 
equation was increased from 2-5 to 3-24. It is now 
generally accepted that the molecular weights of the 
proteins as determined with the oil turbine ultra- 
centrifuge are approximately 10 per oent higher than 
the true values on socount of faulty registration of 
the rotor temperature during ion of the oil 
turbine centrifuge’. This implies that the figure 
3-24 must be reduced to approximately 2-92 for 
equation (1) to fit the new values of the molecular 
weights. 


Recently Broersma” has re-examined the Einstein 
Viscosity equation theoretically and found that the 
numerical 2-5 must be multiplied by a factor of 1-2 
when applied to colloidal suspensions. The new 
numerical m Kinstein’s viscosity equation therefore 
becomes 3 0, which ig in close agreament with the 
empirical ve ue of 2-92. On introducing this new 
value into the equation, the viscosity increment of a 
protein at 20° C. should be truly presented by the 
equation : E 

7-39 x 10-16 
me — ar 


This equation is free from empirical factors, and it 
offers a means of molecular weight determination 
without a knowledge of the partial specific volume 
of the substance under investigation, as is essential 
in the ultracentrifugation method. 


1 Longsworth, G. L., J. Amer, Chem. Soc., 76, 5705 (1983)- 
A Pedersen, K. O., “Die Ultracentrifuge” (Theodo 
intop, Dreeden 1940) à 


* Polson, å., Kolloid £., 88, 51 (1939). 
‘Polson, A., Blookim. Biophys. Aata, £1, 185 (1056). 


+ Brohult, 8., Dissertation Uppeala (1940), 
* Shulman, 8., Arad, Biochem. Biophye., 44, 280 (1953). 
1 Broersma, 8., J. Chem. PAys., 38, 1158 (1968). 


AMINO-ACID SEQUENCE OF HUMAN INSULIN 


By Dr. D. S. H. W. NICOL* and Dr. L. F. SMITHt 
Department of Blochemlstry, University of Cambridge 


HE amino-acid sequences of insulins obtained 
from six species have previously been reported!—*, 
The only differences found were in the sequence of 
three amino-acids in the A chain at positions 8, 9 
and 10, as shown in Table 1. 
Insulin from several of these species has been used 
in the treatment of diabetes in man, and it was of 
interest to know what differences, if any, there were 


Memorial Yellow. Fellow of Obrist’s College, Cambridge. 
Present address: Modieal Department, Freetown, Sserra Leons. 


between these protems and human insulin for which 
they were acting as a substitute. 

Crystalline human insulin was prepared from pan- 
creases obtained at post-mortem. Insulin from 


Tabie 1. THE ANINO-AOID Sequmwos at POSITIOXS 8, 9, 10 or THE 
A Ogaty or Divrmmorr Srecus oF INSULE 


or or 
8 9 10 
Ala Val 
Sperm + hale Thr Ser Teo 
whale Ale Ser Thr 
Ala Gly Val 
Hares Thr Gly Ten 
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20 10 10 20 
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Fig. 1. Hloctrophorests of digat of human faction B. 
Pyridine-acotate buie PH 6 „ 30 F./am. iġ hr. 
origin 
oe | E 
[j 2 
@)A01 | £ -g $ 
a b 3 
osa 4$ 4# g; 
& b c d . f g 
— vo +78 
0 10 20 
on. 
Vig. 2 of enzymic obtained from human 
“fraction A, s1 min. ohymoirypem of fraction A. pH 6-6, 
30 Vj 1 >; 6,18 hr. digest of AOL. pH 646 
30 Vjon. Hh. ; "6, 18 hr, elastase digest of AC2. pH 3 8, 


V.jom. 1} hr. 


‘individual human was purified by a 
method to be ed at a later date. Insulin was 
oxidized with performic acid! and fractionated by 
electrophoresis on paper at pH 8-9 in a 1 per oent 
ammonium carbonate solution. 

The amino-acid sequence of fraction B was determ- 
ined as for previous species",* by digestion with pepsin 
at pH 2 and electrophoresing the digest at pH 6-5, 
giving the peptides shown in Fig. 1. An identical 
pattern was obtained using cattle fraction B as a 
control. Peptides 1-8 gave identical amino-acids on 
hydrolysis as those obtained from oattle (Table 2). 
Peptide 9 was different in that it contained no 
alanine. On treatment of this peptide with trypsin 
(1 per cent in 1 per cent ammonium bicarbonate, 
15 mm., 37° ©.) followed by electrophoresis at 

6-5, two bands were obtained, one of which on 
ydrolysis gave the same amino-acids as the parent 
peptide, but moved faster ; the other band was free 
threonine. This that the O terminal 
peptide was Tyr.Thr.ProLys.Thr. This was oon- 
firmed by treatment of fraction B with i 
when the peptide Gly.Phe.Phe.Tyr.Thr.Pro.Lys, and 
free threonine were obtained. 


Table 2. Purripms FROM 4 Paresor Diceer or Huwaw Fraction B 


E AA ae 


Hits Le, Oy SO EL. Gly Ber, Hia Lon. 


| i 


reai 


Fraction A was digested with chymotrypsin (1 per 
cent in 1 per cent ammonium bicarbonate, 20 min., 
37° ©.) and after drying and electrophoresis at 
pH 8-5 gave the bands as shown in Fig. 2a. AOl 
was eluted and hydrolysed with more 
for 18 hr. AC2 was hydrolysed with elastase (1 per 
cent in 1 per cent ammonium carbonate 18 hr. 37° O.) 
and both electrophoresed at pH 8-5 (Fig. 2b, c). As 
shown in Table 3, 401 a, b, o were identical with 


m 
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peptides previously obtained from all other species. 
The peptides obtained from A02 together show that 
the sequence of amino-acids from A, to A, and A, 
to A, is the same as for all other species, and that 
in ions A 8, 9, 10 the ence is Thr.Ser.Tleu. 

been found for pig sperm whale insulin. 


Table 8. Purripas FROM HUMAN Fraction 4 


Gly Then. Val Gin. Giu (N Aa). 
Tyr + Leu, 


Oly Tea Yat Oa GO) Oy80,H.Oy80,.H.Thr. 


Ts. Val Gin. Oy80. 
eya Set ORO LH OBO E Thr Ber Seren. 


oa Thr.Ser.Uen. Oy80 ,H.Ber. 


oH.Cy80,H.Thr. 

When some confirmatory experiments were per- 
formed using a second batch of insulin extracted 
from ten pancreeases, large amounts of the peptide 
Ser.Val.Cy80,H.Ser. were obtained from fraction 4 
in addition to the sequences previously noted. It 
was also possible to isolate the peptide Tyr.Thr.Pro. 
Lys.Als. from a pepsin digest of fraction B from this 
betch. These are identical to those obtained 
from oattle insulin. Total hydrolysis of a sample of 
fraction A showed the presence of both threonine and 
alanine approximately m the ratio 1:2. This sug- 
gested that both oattle and pig sequences occurred 
in human insulin, and it was decided to determine if 
some individuals had the pig sequence and others the 
cattle 

Tt has been found that fraction A oan be isolated 
in a pure state from crude pancreatic extracts after 
oxidation, by electrophoresis in 20 per cent formic 
acid in which fraction A moves to the anode, all 
other material remaining at the origin or moving to 
the cathode. Using this method, fraction A was 
prepared from several individual pancreatic extracts. 
In later experiments the intact insulin was isolated 
in pure form, and the amino-acid sequence of both 
fractions 4 and B could be determined. Depending -, 
on the amount of material obteined (the pancreases 
varied from 80+0 150 gm. and the maximum quantity 
of insulin obtained was leas than 10 mgm.) either the 
sequence or the amino-acid composition of fraction A 
was determined. The latter is sufficient to distinguish 
between pig and cattle insulm as the only residue of 
threonine m pig fraction A is replaced by alanine, 
which also ocours only once in cattle fraction A. 

Twelve specimens were examined in this way, and 
only the Thr. SertTleu. sequence was found in fraction 
A. While this does not prove that only the sequence 
Thr.Ser.[leu. occurs in positions A 8, 9, 10 in the 
human population, to have obtained a sample con- 
taining about 60 per cent cattle as in the 
second batch would suggest a high Secuecioy of 
occurrence end might be to show up at 
least once in a sample of twelve individuals. The 
five samples of fraction B examined had only 
threonine as the O terminal amino-acid. It is sug- 

that this second batch was contaminated 
with cattle insulin, and that the amino-acid 
sequence of human insulin is that shown in Fig. 3. 

The substitution of threonine for alanine aa the C 
terminal amino-acid of the B chain occurs im a part 
of the molecule which has been shown to be un- 
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Fig. 3. Strueture of human insulin 


essehtial for biological activity*.’". Berson ani Yalow’ 
demonstrated significant differences in the reaction 
, of cattle and pig insulins with human anti-insulin 
serums of patients treated with mixed cattle and pi 
insulms. They suggested that this could be EA 
for if most (or all) of the antibody produced was 
directed against tho cattle insulin. From the olose 
similarity of pig and human insulins, in 
the identical sequence in positions A 8, 9, 10, ib might 
be expected that pig insulin would be a leas-efficiant 
producer of antibodies in man than cattle insulin. 
We wish to thank Dr. F. E. Cempe, Dr. D. Teare 
and Prof. Payling-Wright, of the University of 
London, for offering us facilities for obtaining the 
human pancreases ; Dr. C. G. Pope, of ths Wellooms 


MECHANISM OF FORMALDEHYDE-INDUCED MUTAGENESIS. 
UNIQUENESS OF ADENYLIC ACID IN THE MEDIATION OF 


Research Laboratories, for mich assistance in ex- 
traction procedures ; aui Dr. F. Sanger, for encour- 
agement and advice. One of us (D. 8. H. W. N.) is 
indebted to the University of Cambridge for a grant 
from the Beebe Fund. 


“Ere. 4 Po Sanger, F. Smith, L. F., and Kital, R., Bloken. J., 


* Brown, H., Banger, F., pin a Biochem. J., 00, 556 (1055). 
* Harrts, J. L, and Naughton, M. A., dred. Biochem. and 
Biophye., 63, T'ao. T 
~ Batto, T., Ito, Y., and Fujino, M, Nature, 181, 1468 

J. Biol. Ohem., £19, 611 (1956). 
And Td, 0. LF Ame. Cham, Sos., 74, 2016 (1052). 
HE Bioshem. J., 75, 395 (1960). 

, B. Bn J. Clin, Inmas., 8, 2017 (1089). 
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THE MUTAGENIC ACTIVITY OF FORMALDEHYDE 


By Dr. THOMAS ALDERSON* 
Institute of Animal Genetics, University of Edinburgh 


N a previous communication', I have reported that 

in experiments using a chemically defined and 
axenic treatment medium, formaldehyde exhibits no 
mutagenio activity towards Drosophila melanogaster 
by the larval feeding method, unless ribonucleic acid 
is present in the treatment medium. Further analysis 
of this now indicates that adenylic acid 
is the active component of ribonucleic acid uniquely 
concerned; none of the ini nucleotides 
(guanylate, uridylate, cytidylate) appears to be 
effective. Adenylate is apparently necessary in the 
treatment medium for the mediation of the mutagenic 
activity of formaldehyde. 

The indication that adenylate was the most likely 
nucleotide to be involved came fram oonsideration 
of the patterns of utilization of the mbonuoleio acid 
nucleotides as growth requirements in Drosophila 
melanogaster larves*. Essentially, purines and pyrimi- 
dines supplied singly cannot substitute completely 
for the ribonucleic acid polynucleotide, though 
adenylic acid, adenosine, guanylic acid, guanosine, 
and adenine all respectively increase growth in the 
order of effectiveness stated. Ribonucleio acid 
pyrimidine nucleosides and nuoleotides supphed 
singly are not utilized ; however, if either the pyrimi- 
dine nucleosides or nucleotides are administered 
simultaneously with adenylio acid, the growth-rate 
then obtained is indistingui le from thes with the 
equivalent amount of ucleisc acid. When all 
the nucleotides exoept adenylate are supplied, growth 
is found to be even slower than in the absence of 
ribonucleic acid; however, when any of guanylate, 

* Present address: Department of Genetaos, Unversity of Cambridge. 


uridylate, and oytidylate is supplied singly, but in 


ribonucleic acid is seen to be primarily a requirement 
for adenylate ; and it might consequently be supposed 
that adenylate would be the most likely nucleotide 
concerned in the mediation of the mutagenic activity 
of formaldehyde. The following experimente were 
thus planned with these considerations in mind. 

The design of experiments', the methods of treat- 
ment of larve*, and the brood-pattern determimation 
of sex-linked recessive lethal mutation-rates* are as 
previously described. The treatment medium, as 
previously’, is referred to as the synthetic medium 
(em), when ribonucleic acid is omitted ; addition of 
nucleotides is written as sm +a +g +u +o, to 
denote the nucleotides present. The oonoentration of 
each nucleotide is taken from the equivalent amount 
present in 0-4 per cent ribonucleic acid, assuming the 
four nucleotides are found in equimolar amounts 
in the ribonucleic acid polynucleotide. Thus, unless 
otherwise stated, each nucleotide is supplied at a 
concentration of 0-1 per cent, which approximates 
closely to the optimal concentration for the purine 
nucleotides on the synthetic medium’. Ordinary 
medium is the yeast-maize meal-treacle medium 
normally used for culturing Drosophila in this 
labora 


Tables 1 and 2 illustrate the resulta obtained when 
larvæ are fed on em + ribonucleic acid (0-4 cent) 
for 15 end 18 hr. respectively, before er to the 
treatment medium for 24 hr.; after which they are 
allowed to complete development on ordinary food. 
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Table 1. Hyrscr or PURINE AND PYRIDINE NUCLEOTIDES Ox THE 
NMUTAGENIO ACYIVIYY OF FORMALDEHYDE, WHEE 15-nm. Lakva ARB 
PEEATED FOR 24 HR. 























Table 2. Kyrsct or PURDE amp Prrpopnom NUCLBOTTDES ON 
Nvuraaswio Activery or FoRMALDWHYDE, WHEN 18-HR. Larva 
TRMATED FOR 24 HR. > 


EE 








Since developments is quicker when adenylate is preg- 
ent int the treatment medium, a treatment was carried 
oub where development was slowed down on the 


adenylate-containing synthetic medmm (em+a+g+ 
u +o delayed), to obtain a developmental time 
comparable with the treatment where adenylate is 
ebsent. This modification of the treatment medium 
has been, used previously’, and is achieved by halving 
the cholesterol concentration, - and ituti 
0-004 per cant choline for the lecithin. A treatment 
where 0-05 per cent adenine (A), which is approxi- 
mately equimolar with 0-1 per cent adenylate, replaces 
adenylate is also listed; this treatment has the 
advantage that it gives a comparable deve 

time with the em +a +g +u +0, and the dis- 
advantage that adenine is known to be anti-mutagenio 
for formaldebyde-induced mutagenesis on a yeast— 


medium, 
Irttle or no activity is detectable in its abeenoe. The 
first brood difference between sm +a +g +u+o 
and em +a +g +u +o delayed is not significant 
in either series (y* = 0-12 and 3-46, with 1 d.f., 
i ), but whereas the second brood difference 
in Table 1 is not significant (x° = 0-39, with 1 d.f.), 
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the second brood difference in Table 2 is significant 
O = 6-18, with 1 df.}. However, if the two broods 
of Table 2 are summated, grving mutation-rates over 
the two broods of 1-45 per cent for em +a +g + 
u +o and 1-27 per cent for mt+at+giwu+to 
delayed, the mutational response is approximately 
equal (y* = 0-145, with 1 df.). Thus alight shift in 
brood patterns, where a decrease in the first brood 
response is followed by a oorrespondmg increase in 
the second brood response, is usualy charactersktic 
of the presence of a slightly more advanced germ- 
tract during the period of treatment. This tendency _ 
ig not expected after ‘delayed’ treatment, though it. - 
sometimes occurs (Table 2). A slight trend’in this 
direction is also found in some ‘delayed’ treatments 
on & medium contaming ribonucleic acid. Adenme, 
although giving a comparable ental time 
with the em +a +g +u +c, shows little or no 
effect, in keeping with ed pl cde as an anti-mutagen 
for formaldehyde-indu mutagenesis. — 

A further experiment, which was carried out 

with one of the ribonucleic acid series, is 

illustrated in Table 8. Here, the mutagemio activity 
of formaldehyde was studied by treating 24-hr. 
larve for 24 hr. on sm, sm-+ribonuocleic acid, and 
sm+a+o; in the latter treatment, cytidylate was 
added at a concentration of 0:025 per cent, smce the 
Drosophila Oregon-K stock used has a partial require- 
ment for cytidylate’. As seen, adenylate is as effective 
as ribonucleic acid in tbe level of formaldehyde- ` 
induced mutations produced. ° 

It does not appear to matter whether adenylate is 
present as the free mononucleotide or bound in the 
ribonucleic acid polynucleotide. But the mutagenic 
activity. of formaldehyde seems dependent on the 
presence of adenylate within the treatment medium, 
since feeding with ribonucleic acid before or ' after” 
treatment has no effect. Adenylate, therefore, appar- 
ently functions within the treatment medium as the 
necessary mediating agent in formaldehyde-mduoed 
mutagenesis. 


Reactivity of Ribonucleic Acid (and Its Constituent 
Nucleotides) with Formaldehyde 


It has been revealed by spectrophotometric 
methods that formaldehyde actively combmes with 
the amimo-groups of the purines and imidi of 
ribonucleic acid; the binding of formaldehyde by 
ribonucleic acid polynucleotides appears to be a 
specific function of the amino-groupe of their bases*.’. 
This has been further demonstrated by the reactivity 


Table 3. Brrscr or Rimowvchmo ACID AND ADENYLIO AID on 
THE MUTAGHNIO ACTIVITY OF FORMALDEHYDE, WHEN 24-HR. Lanva 


ARM TREATED FOR 24 HR. 
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Fig. 1. Methylene bridge formation between the amino-groupe of two adenylic acid molecules 


of formaldehyde with various preii polynuoleo- 
tidæ”; only polyadenylio and cytidylic acid 
react readily with formaldehyde, Bile the uridylio 
and inosinic acid polymers do not. (The latter two 
polymers do not carry amino-groups.) Further, the 
reactivity of formaldehyde with the amino-groupe 
of the individual ribonuoleic acid mononucleoctides 
appears to be in the preferential order of adenylate, 
oytidylate and guanylate‘. 

Formaldehyde reacts rapidly with free amino- 
groupe, and more slowly with hydrogen-bonded 
amino-groups ; this difference of reaction is therefore 
useful for the study of hydrogen-bonding through the 
amino- of the ribonucleic acid bases. Thus, 
the reactivity of formaldehyde and ribonucleic acid 
at the two temperature-levels of 25° C. and 45° C. 
shows a difference in rate of 19 times ; a similar 
experiment using an appropriate mixture of mono- 
nuclectides shows a difference in rate of only 6 times®. 
-~ Increase of temperature, therefore, besides i 
ethe reactivity of formaldehyde with the free amino- 
groupe of purines and pyrimidines, also increases the 
extent of its reactivity with mbonuocleic acid, by 
freeing the hydrogen-bonds involving the amino- 
groupe of the purine and pyrimidine bases. 

The concentration of formaldehyde also un- 
doubtedly influences the type of reaction involved’. 
It seems likely that at low (0-1 per cent) formalde- 
hyde concentrations, formaldehyde reacts by forming 
the monomethylol derivative (—NH—CH,OH) ; 
and at higher (1-0 per cent) concentrations, the 
dimethylol derivative (—N = (CH,OH),). Reection- 
producta of formaldehyde with the amino-groups of 
adenylate oan alao be in the form of Schiff's base* 
(—N = CH,); it is probable, however, that this 
grouping always involves the primary production of 
the monomethylol derivative. 

Under the conditions of my experiments, formalde- 
hyde is added to the treatment medium oontaming 
Tibonuoleic acid or adenylate at a tem ture of 60° 
'O.; considerable reaction of fi yde with the 
amino- -groupe of ribonucleic acid and adenylate must 
therefore take place. Also, since a low (0-064 per 
cent) formaldehyde concentration is used, & pre- 
dominance of monomethylol groupings is to be 

especially as there is a high ribonucleic acid 
or adenylate concentration present. 

The main point of interest, however, is the possible 
formation. of a proportion. of dimeric forms, resulting 
in the linking together of two adenylate molecules 
through their amino-groups (—NH—CH,—NH—») 
by a methylene-bridge, as seen in Fig. 1. This 
derivative is probably formed by condensation of the 
monomethylol grouping on the amino-group of one 
adenylio acid molecule with the free amino-group of 
- another adenylic acid molecule. It has been con- 
cluded in a study of the loes of formaldehyde from 
ribonucleic acid after treatment with formaldehyde" 
that two forme of formaldehyde-bi occur: & 
labile form (probably the methylol derivative, which 


is relatively quickly lost); and a more stable form, 
with a slowly revermble binding. A larger proportion 
of the formaldehyde appears to be in the labile form 
at early stages of the reaction, whereas at later stages 
more stable linkages are predominant. It is suggested’ 
that the stable linkages are of the dimeric form 
(—NH—CH ,—NH—). The ease of formation of 
methylene-bridges by formaldehyde after reaction 
with proteins has already been established?*. This 
type of reaction-product (Fig. 1), which is believed 
to be the effective metabolite under consideration, 
can also be formed by polymerization from the 
methylene derivative (Schiff’s base); in this case, a 
polymerization structure of indefinite length could 
be formed by virtue of this groupmg. Additional 
cyclic products of the type portrayed in Fig. 2 are 
also possible. 

For of discussion, the postulated meta- 
bolite will be taken as iœ simplest structure, namely, 
two adenylic acid molecules linked together by a 
single methylene-bridge ; this will be referred to as 
AA. It ia the thesis of this discussion that the 
utilization of the postulated metabolite in 
nucleic acid synthesis constitutes the mechaniam for 
its mutagenic activity. 

Observations on the sensitivity pattern of response 
of larval germ-cells to the mutagenio activity of 
formaldehyde" suggest that the sensitive period of 
its activity coincides with the auxocyte stage in 
primary spermatocyte development, namely, the 

growth stage which precedes meiogis in the 

testis. It is also likely that this interphase 

period of the anxocyte stage is the time at which 
deoxyribonucleic acid is bemg synthesized. 

It will be instructive at this pomt to consider 
briefty normal synthesis of p PE AA acid and. 
the mechaniam of spontansous mutation. 


Nuclelc Acid Synthesis and the Mechanism of Spon- 
taneous Mutation 

In the process of deoxyribonuoleic acid replication, 
it is assumed that each newly aynthesized deoxyribo - 
nucleic acid chain is formed along a pre-existing 
complementary chain, as in the model for deoxyribo- 
nucleic acid proposed by Watson and Crick. In 
this model, speciflerty of replication is achieved by 
Imposing certain restrictions on the possible pairing 
arrangement of the four nucleotide bases: thus, 
adenine can only pair with thymime; and guanine 
only with cytosine. Hither member of a given pair 
can occur on either chain, but ite associated partner 


x 
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on the other chain must 
be the other member of H a 
the pair. This restrio- 
tion is made, since al- 
though the bases can 
exist m a number of 
tautomeric forms, under 
physiological condrtions c nN 
one particular teuto- LS 
meride of each bese is 
assumed to predomin- 
ate (Fig. 3). 

Since the besos are 
tautomeric, however, it 
is le for certain 
hy atoms to 
change their positions 
occasionally, so that a 
bage can. exist m a rare 
tautomeric form. For 
example, adenine, in 
ite normal amino-form, / 
peire with thymine ; 

ut if there is a tauto- 


Adenine 
(normal amino-form) 


Brg. 8. Pairing of the d 
gen bonds are shown dot 
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Thymine 
(normal keto-form) 


bonucieic acid bases wires present in thet mormal tautomerto forms. Hydro- 
The gincosidio bond is faekhy marked, and cme carbon atom of the sugar 
z howa 
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Guanine 3 
(morma! keto-bem) ( amino-form) 





Cc 

meric shift of one of ite \ 

hydrogen atoms to give 

the immo-farm, rt can ince dai m 

par wrth cytosine (Fig (rare imteo-ferm) (no amino-form) Coors arbo- farm) (rare enol-form) , 


and the cytoame will pair with guanine, thus resultmg 
in e change im the sequence of bases. (A tautomeric 
shift m thymine whereby it can pair by mistake with 
, and lead to a simular change in base sequence, 
is Ulustrated in Fig. 4.) This change in the sequence of 
beses by mistaken ing, due to the presence of e 
rare teutomeride of one of the bases at the time of 
deoxyribonucleic ecid replication, is beheved to be 
the mechanism of spontaneous mutation’. 
Tt is now possible to consider the utilization of the 
metabolite (4A) in deoxyribonucleic acid 
synthesis, and the mechanism of its mutagenic 
activity. This metabolite ta the PE 
-bonding properties for -pairing in the 
Leal pie CHa model for deoxyribonucleic acid ; 
and it is interesting to note that the length of the 
methylene-bridge (3-7 å.) approximates closely with 
the distance of 3-4 A. between adjacent nucleotides: 
of the same deoxyribonucleic acid chain. 


Utilization of the Postulated Metabolite In Deoxy- 
ribonucleic Acid Synthesis; a Mechanism for Its 
Mutagenlc Activity 

The presence of thymine (T) and cytosine (O) as 
dont nucleotides on the pre-existing deoxyribo- 
nuoleio acid cham is the most obvious sequence by 
which the metabolite (4A) could be incorporated 
. into replicating deoxyribo- 
nucleic acid, resulttimg m & 
change in the base sequence. 
A prerequisite for forced pair- 


ing is that the first adenylate Pre-existing DNA strand GOATCAG 
Bynthosized DNA strand C@TAATO 


meorporated pairs normally, 
that is, with thymine; and 
the other adenylate, which is 
Imked to it, thus forms 6 
peirmg mistake with cyto- 


Fog. 4. Panteg of the deoxyribonucleic acidi bases when a raze tankameride of one of the bases occurs 


e 
sme. This pairing mistake could be accommo- 
dated erther by tautomeric shift of one of the 
hydrogen atoms of the adenylate molecule (Fig. 4), 
or by tautomeric shift m the cytosme with which 
m is attempting to par (Fig. 5). In subsequent 
replications, the incorporated metabolite (4A) 
attaches to rteelf its normal complementary bases 
(TT), thus changing the original sequence, as illus- 
trated by example in Fig. 6, from GOCATOAG to 
GOATTAG. Onse the change in base sequence has 
been initiated on incorporation of AA into replicating: 
deoxynbonueleie acid, the methylene-bridge Inkage 
18 no longer necessary, smoe the mistake is fixed: 
It should be noted that besides needing an appro- 
priate sequence for activity, the 4.4 metabolite coud 
miss an opportunity to produce a change m sequesaa 


/ 
Hee AN j 
Á du X 
a a e) Gain nena 


Fig. 5. Pairing between adenine and cytoaine when cytosine is 
m iis rare tautomeric form a 


Auxocyte stage 


GOATOAG 





GOATOAQ 
— 


subsequent ' 
rephoations gq 4TT AG 


OGTAATO ~> CGTAATO 


meiosis 





the postulated meiabolite (AA) can produce & in the bese 
Fig. 6. Mechanism by which pos an an ohangs 


n being. initially, incor] 
‘and 


a 
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rporsted. at ¢ á TT sequence. 
Related mechanisms by ae mutagènic ` purine 
pyrimidine analogues. can produce a change in 
the sequence’ of bases: by their.-incorporatian into 
bacteriophage deoxyribonucleic “anid .haye been 


smuggosted by Firoese"t. 


- During _ the ` preceding AAN ‘the instanoe 
where, two adenylate molecules only ‘are linked 
together has been. considered ; but larger metabolites 
are possible. When adenylate molecules are free 
in the medipm, a metabolite of indefinite length oould 
theoretically be formed. However, m the case of 
larger metabolites bemg formed by reaction of formal- 


- ‘dehyde with ribonucleic acid, a restriction of ther 


size would be expected, since the span of the 
methylene-bridge only Allows linkage of adjacent 


-adenylate molepules, which is limited by the sequence 


of bases along the ribonucleic acid chain. Such meta- 
bólrtes as are formed within ribonucleic acid would 
‘afterwards be liberated by hydrolysis of the ribo- 
nucleic acid sugar—phosphate bonds during breakdown 
of the ribonucleic acid into ite constituent nucleotides 
in the gut of the larve ; methylene-bridge linkages mn 
Pedicle ave: oxy aioe’ 19 Te Felipe t baia 


A E E EE E 
a necessary base sequence of deoxyribonucleic acid 
for effective utilization; for example, AAA would 
probably need a base sequence of TTO, TOT, or 


perhaps TOO, to initiate a change in base sequence. 


In the present system, adenylate is the only ribo- 
nucleic acid base nucleotide utilixed to any extent. 
Furthermore, as previously noted, the reactivity of 
formaldehyde with the amino-groupe of the individual 
ribonucleic acid mononucleotides appears to be in the 
preferential order of adenylate, cytidylate and guanyl- 


. ate. Therefore, although other effective combinations 


of linked bases are theoretically possible, for example, 
AO, GO, GG, and others, the AA metabolite (and 
perhaps an AC metabolite), would be expected to be 
the only’ significant metabolite in this’ system. 
Further, the possible utilization of a UU metabolite 
cannot be completely excluded in these experiments 
(Table 1), since the stock used has a 
partial requirement for cytidylate’. Thus, the 
formation of appropriately linked nucleotide molecules 
of the type described may represent, a priori, a 
way by which specific mutagens and potential cancer 
chemotherapeutic agenta can be constructed. 

A recent investigation“ has ‘examined the poes- 
bilities whereby non-complementary bases can be 
acoommodated within the two-stranded helical frame- 


. work of polyribonuolectides and deoxyribonucleic 


acids. The authors studied the effects of varying 
proportions of non-complementary bases i ted 
into pairs of complementary polyribonuoleotides which 
are known to form two-stranded helices like deoxy- 
ribonucleic acid. Mixing curves were used to study 
the itative aspects of the interaction of poly- 
aderiylate (poly A) or Pena ee (poly U) with 
a series of single-stranded poly AU copolymers. On 
the results of these experiments, it is concluded that 
non-complementary nucleotide residues in the copoly- 


` mer do not remain within the helix, ce 


” the helix to allow hydrogen- bonded e segue 
ae i 


r 


subsequent regions of nucleotides whi 
register. This observation is compatible with model 


' building on the Peulmg—Corey space-filling nucleo- 


tide ‘model, where non-complamentary nucleotide 
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Teaidues oan be rotated out of the helix to allow a 
continuity of base pairs along ita entire length. This 
model leaves the non-complementary base pointing 
radially out of the helix axia, and allows an adjacent 
nucleotide residue to move into the vacancy created, 
without strees. In addition, similar loope ee 
o the regularity of the helix in the viemity of 

the loop is unaffected, both the 3-4A. separation 
and 36° translation of successive nucleotides being 
maintamed. 

In view of the similarity of essential structure be- 
tween the poly (4 + U) helix and deoxyribonucleic 
acid, it seams likely that any base pair mismatchings 
arising durmg deoxyribonucleic acid synthesis could 
also be accommodated by loop formation. 

The authors discuss hypothetical models for the 
origin of point mutation, and, translating their models 
to fit the present discussion of the mutagenic mode of 
action of the postulated AA metabolite, the following 
mechanisms are suggested : 


Addition of Subetitution of 
one nucleotide base one nucleotide base 
dg 
Sage DAA strand ZN 
A—T—O— A—G- GOAT AG 





Synthesized strand 
ele © yi ae 





Seen ae 
The original DNA strand remains identical in each case. 


Adenine, as seen in Tables 1 and 2, has little or no 
capacity for mediating formaldehyde-induced muta- 
genesis. Formaldehyde should be able to link together 
two adenine molecules, in the same way as postulated 
for adenylate, but its free ımino-group at the 9-posi- 
tion of the purine ring may be blocked by additional 
reaction with formaldehyde, thus preventing the 
ribose sugar attachment. This ion would be 
expected to debar the utilization of adenine in nucleic 
acid synthesis; and this is supported by the fact 
that I have now shown (unpublished results) that 
adenosine is as effective as adenylate in the mediation 
of formaldehyde-induoed mutagenesis. 

In should be noted in conclusion that the resulte 
and interpretation detailed here are entirely compat- 
ible with observations made with these test-substances 
on a formaldehyde-contaiming yeast-glucose treatment 
medium (unpublished work). 

My acknowledgmenta are due to the Modical 

Council for financial support of this work, 
and to Prof. ©. H. Waddington for supplying the 
laboratory facilities. 
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ASTRONOMY 
Roughness of the Moon as a Radar 
Reflector 


In a recent communication! Hughes has suggested 
that the law of scattering of radio waves by the lunar 
surface is consistent with scattering by a rough 
surface which has irregularities much greater than 
the radio wave-length, and such that the root mean 
i ata value of the slope 1s about 1 in 20, or 3°. 

o law of scattering as a function of angle of mcidence 
which, on this model, would be the same as the dis- 
tribution of the slope of the irregular surface, was 
found from radar observations to be given by: 


g = o,exp{— 106} 
where o is the effective scattering area and 0 the 
angle of incidence. 

It 1s of interest to compare this with the distribution 
of the slope of the lunar surface as determined optio- 
ally. Fujinami, Ina and Kawai! have made photo- 
metric measurements of the profile of the Moon’s 
silhouette, as observed during a partial eclipse. 
Measurements of the alsvation ot of the lunar surface m 
seconds of aro were made for every degree around 
the limb. It 1s a simple matter to obtain a value for 
the slope of the lunar surface from each successive 
pair of readings. The distribution of these values, 
without regard to sign, is shown as a histogram in 
Fig. 1. The exponential law exp( — 106) 1s shown 
as a dotted line for comparison. It will be seen that 
there is close agreement except for angles leas than 
1°. (The law proposed by Hughes was stated to 
apply over the range 3-14°.) The root mean square 
value of the alope, as determined from the optical 
measurements, is 3-3°. 

This agreement is interesting ; but it is, perhaps, 
surprising, because the optical measurements refer 
only to structure with a horizontal scale larger than 
about 30 km. The lunar surface could contain 
structure of a smaller scale, which would not be 
resolved optically, but which was larger than the 


No. af values 





1 2 3 4 5 6 7 8° 8 


Siope of lunar surface (deg.) 


Fig. 1. The distribution of the values of the slope of the lunar 
surface as determined from the ophaal measurements or Pumani 
Ins and Kawai The dotted he MaU ee 


radio wave-length. If the root mean square value of 
the slope of this amaller-scale structure were cam- 
pareble with or larger than 3°, the overall distribution 
of the slope would extend to angles too large to fit the 
radio observations. The fact that agreement is 
obtained when only structure larger than 30 km. is 
considered suggests that the smaller structure, if it 
existe, has a root mean square value of slope oansider- 
ably less than 3°. 

B. H. Briaes . 

Cavendish Laboratory, 
Cambridge. 

1 Hughes, V. A., Natures, 186, 878 (1060). 
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GEOPHYSICS 


Evaluation of the Second, Fourth and 
Sixth Harmonics in the Earth’s 
Gravitational Potential 
In an article: in Nature in 1958, it was explained 
how the rate of rotation of the orbital plane of an. 
Earth satellite (the rate of regression of the nodes) 
could be used to evaluate the even harmonics in the 
Earth's gravitational potential U. At an exterior 
point distant r from the Earth’s centre and havmg 
co-latitude 0, U may be expressed in terms of 

Legendre polynomials P, as: 


vefi E OE (oos 0} (1) 


where G is the gravitational constant, M the mass of 
the Earth, R ite equatorial radius, and the J, are 
constants to be determined. J, is zero if the equator 
is chosen to pags through the Earth’s centre of mass. 
The motion of & satellite in the gravitational field 
specified by equation (1) has been investi 

theoretically*-‘, and the rate of rotation of the orbital 
plane, Ù, may in principle be er in the form : 


© oe) 
E J,Pe + È = gain + + (2) 
nw 2 m = 3n = 3 
where the F, and F,,, are functions of the orbital 
elements. Since J, is of order 10-*, the J, are of 
order 10“ when n > 2, and the F, are of the same 
order aa the Fan, only the J," term in the second 
series in equation (2) need be considered, and even 
in that term an approximate value of J, is adequate. 
Thus each observed value of © provides one linear 
relation between the J,, and observed values from k 
satellites provide k simultaneous equations between 
the Ja. These equations are not ill-conditioned if 
the k "orbits differ widely enough. It happens that 
the odd-numbered J, have little effect on Q, and the 
available values’ for "y , and J,, namely: 
J, = (— 2-4 + 0-3) x 107 
J, =(— 0140-1) x 10 } 


À = 


(3) 
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oan be substituted into equation (2) without intro- 
ducing significant error. Thus k satellites with widely 
different orbite—and, in particular, with widely 
differing orbital inclinations—will yield values of 
JaJa... Jap if we are p to assume that the 
contributions of J,,J,...and of Japs Jabea 


aro negligible. : 

This has beer applied to the orbits of the 
satellites Sputwk 2 (19578, inclination i = 65°), 
Variguard 1 (195882, 4 = 34°) and Eaplorer 7 (1959%1, 
i = 51°), and the following values of J, J, and J, 
have been obtained : 


J, = (1082-79 + 0:15) x 10 
J, = (— 1-4 + 0:2) x 10° ) 
J, = (0-9 + 0:8) x 107 
The errors quoted are standard deviations due to 
observational error. In deriving these values, the 
effect of atmospheric rotation on © and the effects 
of the 8un and Moon were taken into account. It is 
possible that errors larger than those quoted in 
equation (4) might be caused by the neglect of Jy, Jio 
eto. ; but it is significant that the above set of values 
is consistent with that derived using the Explorer 4 
satellite (1958) instead of er 7, and with the 
values of J, and J, obtained by O’Keefe et al.* using 
different observational information and ignoring 
J,. ‘Thus there is reason for hoping that the errors 
due to the neglected higher J, will not much exceed 


(4) 


-by the equatorial diameter, 
section is taken as elliptic, as has been customary 
in the past, the new value of J, gives 1/f = 208-24 + 
0-02, as compared with the value of 297-1 which was 
ay generally accepted’ before the advent of satel- 


A fuller account of this work is being published 
elsewhere. 
D. G. Kure Here 


G. s 
‘Meson, E. H., Mmstry of Aviation Report (to be published). 

J. A., Hokels, A., and Squires, R. K., Astro. J., 64, 245 
LU - Hele, C1983} paper presented at tenth Int. Astronautecal Cong., 


‘ Jeffreys, IL, “The Berth”, third ed. (Camb. Univ. Press, 1052). 


Osclilatory Character of Amplitude 
Curves for Seismic Body Waves 
Txa importance of studying the amplitudes of 
seismic body waves in relation to the structure of the 
Earth's mantle has been emphasized by several 


only general features of amplitude curves in limited 

i intervals were given. Combiming observa- 
tions of four Middle seismic stations— 
Prague, Jena, Collmberg an 
a sufficient set of hom 
fine structure of amplitude curves for P-, PP- and 
§-waves. 

Maximum ground amplitudes A in p and periods 
T in seo. for individual waves could be estimated by 
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501 for PH, 166 for PV, 620 for SH, all in the range 
of 10°-100°, and 258 for PPH in the range of 15°- 
160°. Epicentral distances A were computed from 


Iss paa and from 1950 from BOIS or 
USOGS parameters, respectively. 
Introdusing : 
A%, = log AUT; = M, 
for i = PH,PV,PPH,SH, where the magnitudes : 


(1) 


(2) 


for j = Prague, Jena, Collmberg, Potedam were 
determined on the basis of the second approximation 
of the magnitude calibratmg functions for body 
waves’, we can take the graphical representation of 
the dependence (A*i, A) as the amplitude curve for 
the corresponding wave. The whole set of observa- 
tions for an individual wave was divided into natural 
intervals, which were represented by their centres of 
Through these 


1 2a 


of amplitude curves could be investigated with a 
considerable degree of certainty. 

Two partial sections of amplitude curves with the 
pointe of observation and corresponding represente- 
tive points for horizontal components of P- and PP- 
waves in the distance range near the ‘20° discon- 
tinuity’ are shown in Fig. 1. The oscillatory character 
of the amplitude curves can be clearly seen. This 
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phenomenon was also found for other waves being 
investigated in several distence ranges. 

A similar oscillatory tendency of the amplitude 
curve for P-waves can, be observed by detailed mvesti- 
gation of the semmic data of underground nuclear 
explosions published recently*; the .number of 
observations in this case, however, 18 insufficient for 
detailed conclusions. In comparison with amplitude 
curves reported in this communication these observa- 
tiona seem to show regional mfluences due to the 
probably regional structure of the upper mantilet,’. 
The oscillations observed in this distance range are 
evidently connected with the surface field of waves 
diffrected at the asthenosphere low-veloorty layert*. 

A more detailed account of this work will be pub- 
lished in the Gerlands Beitrage rur Geophysik. 


J. Varkx* 
Geophysical Institute, 
Czechoslovak Academy of Sciences, 
Prague. 
J. Ste tana 


Institut f. Bodendynamik u. Erdbebenforschung, 
Deutache Akademie der Wissenschaften, 
Jena. 


bs assistant z Insti Marx 
Cake professor, Geophysical tate, Karl 


bee) EH., Mon, Not, Roy, Astro. Soo., Geophys. Supp., 6, 848 
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PHYSICS 


Speed of the Superconducting-Normal 
Transition in Tin Films 


Wa have carried out some experimenta to study the 
rate at which resistance 1s regtored in & superoonduot- 
ing tin film by the application of a magnetio field 
above the critical value. No direct experiment of 
this kind has previously been reported, although 
Woodford and Feucht?, using a radiofrequency 
method, inferred that the tranartion in an evaporated 
film of an unspecified metal probably occurred in leas 
than 10-* seo. The question is of same importance 
both from a fundamental point of view and m determ- 


the lower mrt of the switching time of super- 
conducting aircuit devices coats the a 
In our i , tin flhns with the characteristic 
‘dumb-bell’ shape were evaporated on to glass slides, 
the central region of the films being approximately 
L om. long, 100-400» wide and 1000 A. thick. The 
slides fitted closely into a small solenoid (1 am. 
long x 0:3 cm. xX 0 1 om.) which produced a mag- 
netic field of 29-5 carsteds/amp. The solenoid had an 
inductance of 0-3 H. and waa fed through a 609 
coaxial cable with a current pulse which 
had a rise time of 10 museo., a length of 0-3 psec. 
and a maximum amplitude of 2 . Experiments 
were normally carried out about 0:1 deg. K. below 
the transition temperature where the critical field wes 
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Fy. 1. (ion of resistance in a tin film of width 250, 
thickness 1000 and length 1 em Treee A, sero curren 
through the film. Trace B, 1 mamp. through the film 


~ 150 cersteds. The pulsed field provided by the 
solenoid was superposed on & steady field supplied 
by an electromagnet. The restoration of resistance 
was observed by displaymg on an oscilloscope, after 
suitable amplification, the potential difference across 
the film produced by a constant current, the value 
of this current being limited to ~ 1 m.amp. by the 
Joule heating in the film while in the normal state. 
The normal resistance of the films waa in the region 
of a few ohms so that the signals had an amplitude 
of a few millivolts. 

Fig. 1 shows two superposed oscilloscope traces 
representmg the potential difference across a typical 
film with and without a direct current through it. 
The positive and negative spikes are due to the 
inductive electromotive force which arises at the 

ing and end of the fleld pulse. No delay is 
observable between the instant at which the pulsed 
magnetic field becomes constant and the restoration 
of resistance, and since the two traces are parallel 
there is no evidence of a progressive growth of 
reaistance ; there is also no evidence of any resistance - 
remaining after the end of the pulse. This behaviour 
was i ent of the amount by which the pulsed 
fleld exceeded the threshold value. From Fig. 1 
we deduce that the tranmtion from the supercon- 
ducting to the normal state and vice versa takes place 
within the overall resolution of 15 museo., which 
implies that the relaxation time for the destruction 
of superconductivity 1s lees than ~ 10 sec. It 
would uire a much more complicated apparatus 
to lower shi lunit significantly. 
. Acknowledgment is made to the Admiralty for 
permission to publish this communication. 


D. J. OLIVAR , 
M. J. RAYNER 
E. H. RAHODERIOK 


Services Electronics Research Laboratory, 
Baldock, Herts. 
July 1. 
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Strengths of Acid-etched Glass Rods 


Tun low breakmg strength of normal glesases is 
usually regarded as being due to surface mmperfoc- 
tions, and previous workers, particularly Greenet, 
have directed attention to the mcreage in strength 
which occurs when the glass surface is etched with 
hydrofluoric acid. By measuring the rate at which a 
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Depth of matertal removed from surface (am. x 10+) 
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for ons group of rods 


particular etching solution removes material from & 
glass surface it is possible to study the strength of 
etched specimens as 6 function of the depth of 
material ramoved from the surface. Such a study 
may give some information about the size and nature 
of the surface imperfections. 

Commercially available soda-glass rods, of 68 
rom. diameter, have been etched and broken in four 
pomt bending over a constant bending moment span 
of lin. The rod diameters and loads at fracture were 
meesured and the breaking stresses calculated using 
the simple bending formula. Groups of rods (con- 
taining 16-32 rods) were given different periods of 

, and the depth of material removed from the 
surfaco of the rods was calculated for each group. 

ae variation of the mean breaking strength of 

eso en ke with depth of material removed 

m surface, is shown in Fig. 1. Also shown on 
Fig. 1 are the 95 per cent confidence limita on the 
mean strength and the hi strength value 
recorded in each group of rods. Fig. 2 is a histogram 
compering the distribution of breaking stresses for 
& group of rods which have been etched for 40 min. 
with that for unetohed rods. The maximum strengths 
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obtained with these ane 
imens are in the region 
£00,000 Ib./sq. im. and closely 
approach the value obtamed by 
Thomas’ for fine glass fibres. 

The glass rod used m these ex- 
perimenta had tha following approx- 
Imste composition by weight (per- 
centages): SiO, 69; Na,O, 16; 
CaO, 4; Al,O,, 3; "MgO, 3. 

The etching sohition contained 
ebout 15 per cent hydrofluoric 
eoid, 15 per cent sulphuric acid 
by weight and the remainder 
water. 


~ 


8 9 16 


are beng continued 
to determine the effect on these 
vesults of varying the conoentra- 
tion, temperature and nature of 
the etchant; and of changing the 
thermal history, size and composition of the glee. 
. A.. PROOTOR 


from the surface. 


Rolls-Royce, Ltd., 
Asrophysics Laboratory, 
Lrttleover, 
Derby. 
June 22. 


1 Greens, O. H, J. Amer. Oer. Soc., IG, 06 (1956). 
a Thomas, Tae Nature, 181, 1006 (1958); Phys. and Chem. Glasses, 


Stimulated Optical Radiation In Ruby 


. Schawlow and Townes! have proposed a technique 
for the generation of very monochromatic radiation 
in the infra-red optical region of the spectrum usmg 
an alkali vapour as the active medium. Javan" and 
Sanders’ have discussed proposals involving electron- 
excited gaseous systems. In this laboratory an 
optical pumping technique has been successfully 
applied to a fluorescent solid resulting in the attam- 
ment of negative tamperatures and stimulated optical 
emission at a wave-length of 6948 A.; the active 
material used waa ruby ( (chromium in 
corundum). 

A simplified energy-level diagram 
for triply ionized chrommm in this 
crystel is shown in Fig. 1. When 
this meterial is rradiated with en 
at & wave-length of about 5500 
chromium ions are excited to the 
‘F, state and then quickly lose some 
of their excitation energy 
non-radiative transrtions to the ‘HZ 
ena This state then slowly decays 

PO emer awed emitting a sharp 
componenta of which 
at 300° K. are at 6943 A. and 6929 A. 

(Fig. 2a). Under very intense excite- 
tion the population of this meta- 
stable state (1E) can become greater 
than that of the ground-state ; this is 
the condition for negative tempera- 
tures and consequently amplification 
via stimulated emission. 

To demonstrate the above effect a 
ruby orystal of 1-cm. dimensions coated 
on two faces with silver was 
irradiated by a high-power flash lamp ; 
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Fig. 1. -loval f 
ig. Energy Sepan of Or in corundum, showing 
7 (s) 
S 
cons R Re 6050 
Wave-langth (A.) 
of : lov- exottation ; 
Fig. 2. Himnon npr ruby eed power 
the emission spectrum obtained under these condi- 
tions m shown m Fig. 2b. These resulte can be explamed 
on the basis that negative temperatures were produced 
and regenerative amplification ensued. I expect, 
in principle, a considerably greater (~ 10*) reduction 
in line width when mode selection techniques are used?. 
I gratefully acknowledge helpful discussions with 
G. Birnbaum, R. W. Hell L. C. Levitt, end 
R. A. Satten and am indebted to I. J. D'Haenens and 
C. K. Asawa for technical aseistanoe in obtaining the 
measurements. 
T. H. Manian 
Hughes Research Laboratories, 
A Division of Hughes Aircraft Co., 
Malibu, Calıfornis. 
1 Sehowlow, A. L, and Townes, O. H., Phys. Rev., 118, 10940 (1958). 
"Javan, A., Phys. Rsv, Letiere, 3, 87 (1950). 


s Sanders, J. H., Phys. Rev. Letters, 8, 86 (1959). 
1 Mailman, T. H., Phys. Rev. Letters, 4, 664 (1960). 


METALLURGY 


A Simple Method of investigating the 

Creep of Metals under Simple Shear 
De. K. H. JorLora and It have investigated the 
creep of metals under simple shear by the use of a 
dusk of the metal in question in which is cut a con- 
centric circular annulus, the metal external to the 
annulus being securely gripped, while that mternal to 
the annulus is subjected to a constant torque. We 
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have shown that the behaviour of the metal in these 
circumstances is in many ways simpler and more 
informative than that exhibited by wires or rods 
under tension. 

From the point of view of the industrial study of 
creep, the method has the disadvantage that the 
specimens are somewhat troublesome to prepare and 
measure. To get over this diffculty I have devised 
a method in which the specimen has the form shown 
in Fig. 1. In the plate 4BOD (Fig. la) are cut rect- 
angular grooves MNOP, QRST, as shown in orogs- 
section in Fig. 1b. The metal 4BNM, TSOD is 
securely held, and a force F apphed to the metal 
PORQ im a direction parallel to the grooves. Under 
these conditions the shear streas distribution in the 
rectangular plates MNOP, QRST 1s not strictly um- 
form, as it 1s in the disk method, which is clear from 
the fact that the shear stress over the free ends must 
be zero. The distribution has been worked out by 
met and by CO. E. Inglis'. 


A B 
M N 
P Oo 
Pa 

R 
T S 
D C 

(a) (b) 
Fig. 1 


Mr. D. B. Gilding has been workmg under my 
direction on the beet form of the plate and has 
established that if the ratio of MN to NO is in tho 
region of 7, the resulta on creep obtained with the 
disposition described correspond closely to those 
obtained by the method of Andrade and Jolliffe’. 
It seems possible that the new method may be of use 
in further investigations of creep and may also havo 
applications to the problem of fatigue. 

E. N. pa C. AwpRaps 
Department of Metallurgy, 
Imperial College of Science and Technology, 
London, 8.W.7. 
1 Andrade, H. N. da O., and Jolliffe, K. H., Proc. Roy. Soe., A, R13, 3 
(1952); S54, 201 (1960). 
1 Andrade, H. N. da O., Proe. Roy. Soc., A, 85, 448 (1911). 
* Inglis, O. B., Proc. Roy. Soo., A, 103, 508 (1023). 


An Improvement in the Ductility of 
Beryllium at High Temperatures 


Tax outstandmg problem in berylum metallurgy 
is the lack of ductalrty exhibited by the metal, both 
at room tempersture and at elevated temperatures. 
At room temperature, brittleness can be attributed 
to the ease of cleavage of basal planes of the hexagonal 
lattice, and to the high yield-strength of the prismatic 
planes, while at temperatures above 400° O., mter- 
granular failure predominates. A ductility maximum 
occurs at intermediate temperatures dependmg on 
the strain-rate used, tensile specimens failmg wrth 
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a ductile, Abrous fracture between 200° and 400° C. 
These fracture modes overlap, and two or more types 
of failure may be seen in any one tensile specimen. 

Some imcrease in low-temperature ductility can be 
obtained by fabrication, iques which develop a 
texture in which the begal planes are oriented parallel 
to direction of working, so that loads applied in this 
direction exert little normal stress on basal cleavage 

lanes. Additional resistance to cleavage is achieved 
by a rodno of BASN gina? Little has been done in 
the past to reduce the extent of intergranular failure, 
which becomes the predominant fracture mode m 
extruded beryllium rods as the temperature is 
increased above 400° O. Recent work at the Atomic 
Weapons Research Establishment, however, indicates 
that the temperature at which intergranular failure 
occurs can be raised by several hundred degrees by 
heat treating material of a suitable composition. 

Fig. 1 shows the extent of the improvement in 
ductility that has been achieved in extruded ingot 
ber, fabricated from thermally reduced metal, after 
& heat treatment which involved heating the bar at 
780° O. for 120 hr. followed by slowly cooling to room 
temperature over a further 120 hr. This treatment, 
which was insufficient to promote grain growth, 
apparently resulted in the precipitation of certain 
impurities from metastable solid solution. 
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_ Some reduction in strength also ensued from this 
treatment, as can be seen from & Somes a 
‘ag-received’ and ‘heat-treated’ curves in Pig. 4. 
Of greater significance is the fact that the strength 
‘plateau’, evident in tensile teste on the as-oxtruded 
material, between 350° and 500° C., was completely 
removed by the annealing treatment. This plateau 
waa associated with multiple yieldmg phonomena, 
which can be symptomatic of the diffusion of solute 
impurities during the tensile test. No multiple 
yielding was found after the annealing treatment, 
and it is proposed that the solute elements concerned 
were precipitated, either during the treatment at 
780° O. or during the subsequent equilibrium cooling. 
The reversibility of this precipitation treatment has 
been demonstrated in hot-hardness tests, gee 
appearing to occur at temperatures between 
and 1,000° O. 

in ductility was associated with the 
dine of the intergranular type of failure 
usually inherent in beryllium at temperatures above 
400° C. tive microstructures of the fracture 
modes in as-extruded and heat-treated specimens, 
tested at 600° O., are shown in Fig. 8. 

The phenomenon. was not associated merely with a 
softening of the matrix durmg annealing. A second 
Dor ce eee Per a ee ate 
purer electrolytic material, revealed little 
amelioration of tensile duotility after heat treatment 
as can be seen from Fig. 4. Furthermore, the hot 
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hardness characteristics of this material in the as- 
extruded condition were coincident with those of 
heat-treated thermally reduced material, and were 
unaffected by subsequent heat treatment. No 
multiple yielding was observed in this bar, even in the 
as-extruded state. The matrix properties of the two 
materials would appear to be similar after heat 
treatment, yet ductility is associated only wrth the 
thermally reduced material. 

Theo, and other metallographic observations on 
the migration of impurities to grain boundaries in the 
more impure, thermally reduced metal, suggest that a 
specific mpurity phase(s) in the more impure material 
artifloi the boundaries at high tem- 
peratures, ly by a keying action which prevents 
the boundaries shearing. This phase(s), which is 
either absent, or present to a smaller extent in the 
purer, electrolytic material, ap to migrate 
preferentially to the grain boun region during 
the heat treatment. 

This phenomenon is obviously of great importance 
in the metallurgy of beryllium at temperatures be- 
tween 500° and 600° C., that is, within the temperature 
range where beryllrmm is to be used m nuclear reactors 
of the AG.R. type, and indicates the possibility of 
alloying to improve the ductility at these tempera- 
tures. 

A. Brown* 
F. Morrow 
A. J. MARTIN 


Atomic Weapons Research Establishment, 
Aldermaston. 
* Attached staff from Babcock and Wileox, Renfrew. 


Hexagonal Modification of Black 
Chromium Electro-deposit 


Tax formation of a hexagonal modrfication of an 
electro-deposrted chromium has been discussed since 
the first announcement was made. In 1035, L. 
Wright et al.1 determined the conditions for the 
production of the hexagonal form from chromic aod 
baths, and recently O. A. Snavely* fully exammed 
the structural characteristics of the electro-deposited 
chromium from chromic acid baths contaming sul- 
phate ion. 

The hexagonal modrfication of the black ahromrum 
electro-deposit has not been reported since the first 
report of black chromum was made by Biemense 
and Halske? in 10933. 


NATURE 


August 6, 1960 Vou 187 


The mixed crystal (hexagonal-closest-packed + 
body-centred cubic) waa found in the black chromium 
eleciro-depomt obtained from the new bath contaming 
chromic acid, acetic acid and urea. We were inter- 
ested in this phenomenon and studied the formation 
of the hexagonal modification of the black chrominm 
electro- ib. 

The baths used in this experment were as follows : 
(1) chromic acid 3 M, acetic acid 0-05 M*; (2) 
chromic acid 3 M, acetic acid 0-05 M, urea 0-05 M4; 
(8) chromic acid 200 gm./l., glacial acetic acid 6 ml./l., 
nickel chloride 20 gm./l., vanadium oxide 7:1 gm./l.+. 
Precautions were taken to ramove a hate ion con- 
tamed in the chromic acid reagent. specimens 
were made by electro-deposition on & copper wire 
at a current density of 100 amp./aq. dm. and at 
15+ 1° C. The time of electrolysis was about 8 hr. 
X-ray examination wae made immediately after the 
end of electrolysis. 

The X-ray diffraction analysis indicated that the 
structures of the electro-deposite obtained under the 
above conditions consisted of the mixed orystal 
—hexagonal - closest - packed + body - centred cube. 
The typical Debye—Scherrer photograph of the mixed 
crystals is shown in Fig. 1. 

Wright & al. stated that the factor mfinenomg the 
formation of the hexagonal modification was the 
percentage of chromium existing in the cation in 
reduced chromic acid solutions. In the black 
chromium plating baths the mixed crystals were 
obtained under the conditions mentioned above in 
the absence of the trivalent chrommum. 

Durmg the repeated electrolysis the pure hexagonal 
form ap in the deposit which was electro- 
deposi for 14} hr. from the bath* (Fig. 2). 

The effects of the bath temperature, the concentra- 
tion of chromic 10n and urea, and the time of electro- 
lysis on, the formation of the pure hexagonal structure 
were examined. However, it could not be determmed 
which factor was responsible for the formation of the 
pure hexagonal structure. 

The change of the structure of the mixed crystal 
to the body-centred cubic has been reported by 
several authors". In this experiment, the mixed 
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Fig. 1. Debyo-Scherrer photograph (diam. 85 mm.) of the mixed 
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crystals changed to the body-centred cubic structure 
from time to time. On the corey ae 
almost pure hexagonal orystal di ange even 
after two month from the end of the electrolysis 
(Pig. 8). When this deposit was treated in a hydrogen 
atmosphere at 150° C., the structure changed to the 
body-centred cubic crystal. 

O. A. Buavely* thought that there is a relation be- 
tween the structure of the electro-deposited chromium 
and the pH of the cathode film during electrolysis. It 
is suggested from the above resulta that the pH of 
the cathode film during the electrolysis m the black 

We wish to thank Prof. Y. Shimomura and Mr. M. 
Kojima for the X-ray diffraction analysis. 
i Hipryva OKADA 

TAKEO. ISHIDA 

Department of Applied Obemistry, 

University of Osaka Prefecture, 

Bakai City, Osaka. 

1 Wright, L., Hirst, H., and Riley, J., Discuss, Farad. Soc., 1253 (1085). 
*Snavely, O. A., Trans, Electrochem, Jeo., 93, 587 (1947). 
* Siemense and Halake, Gor. Pat. 764,300, Nov. 6, 1083. 
*Tahide, T., Me Y> and Okada, H., J. Malal Finishing Soc, Jepan 
*Quacly, M. F., Proc, Fourteenth Ann. Conv. Amer. Blectroplaters’ 

Boo., 48 (1063). 
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GECLOGY 


Stability of Epidote Minerals 


A NUMBRR Of silicate minerals have proved difficult 
to synthesize by the commonly employed methods 
involving hydrothermal crystallization of glasses or 
reactive oxide mixes of suitable composition. Failure 
to synthesize a phase may be caused by the experi- 
mental conditions not bemg within the region where 
the phase is therm: ically stable. But, in some 
casos, failure simply reflects a large nucleation, barrier 
to the formation of the stable phage go that metastable 
phases which nucleate with ease form, and may persist 
indefinitely. Several workers! have considered this 
problem in relation to the epidote minerals, and the 
consistent failure of low-pressure synthesis could 
indicate that these phases may be stable only under 
relatively high-pressure conditions. Geological occur- 
rence does not entirely support this proposition. 
The resulta presented here indicate that with these 
minerals pero is a sluggish process at low 
pressures, if this step is by-passed, growth is 
readily achieved from the phases which normally 
form in synthesis. This sluggish nucleation is 
possibly related to the structure of the minerals. 

Proof that the epidote minerals (zoisite, clinozoisite, 
epidote) are stable relative to the phases commonly 
formed in synthesis from their composition has been 
approached as follows. When zowite is thermally 
decomposed at one atmosphere, reaction proceeds 
according to the reection : 
20a,A1,8i1,0,,(0H) — 2CaAl,8i,O, + Ca8iO, + 

¿otsite anorthite wollastonite 
CaAl,8iO, + H,O 
gehiinite 


Sunilar reactions can te written for other members 
of the epidote family. When zoisite synthesis is 
attemp at low preesures and tem from a 
mix of appropriate campesition, phases on the right 
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of the above equation tend to be formed, or if leeching 
of silica occurs hydrogarnets may form. In the 

t iments two starting ms were 
sr es nlm oats hy 
judgmg from refractive index, contamed around 
18 per cent iron sesquioxide (Fe,0,). These phases 
ware first thermally decomposed to form the high- 
temperature assemblages and then mixtures of the 
epidote mineral and high-temperature products 
(that is, all the phases in the above equation) were 
sealed in amall capsules with water and allowed to 
react for 30-80 days at 2,000 bars pressure and 
then examined by X-rays and oe pany a With 
a mixture of epidote and decomposed ep ote, it was 
found that epidote formed strongly at 505° and 630° 
C. while at 715° O. anorthite, garnet and magnetite 
were the dominant products. A mixture of olinoxoi- 
aite and decomposed clinoxoisite produced clinoxoisite 
at 605° C. and anorthite and garnet (from refractive 
index and X-ray measurement close to grossularite) 
at 740° C. At 605° a few grains of garnet could be 
recognized, but growth of clinoxzoisite was A 
In two runs with epidote composition excese quarts 
was added and at 465° and 606° O. strong growth of 
epidote occurred. 

These results indicate clearly that, relative to the 
normal products of synthesis, the epidote minerals 
are stable at moderate temperatures and water 
pressures. Thermodynamic consideration of entropy 
and changes in volume involved indicates that litilo 

would be needed for their formation at low 
temperatures from suitable compositions. At temper- 
atures around 800° O. and below, present resultat 
mdicate that zeolites will become stable. Work on 
other reactions involving calcium aluminosilicates in 
progress also demonstrates that this method of mix- 
tures may be of value in proving relative stability 
of phases whenever it is suspected that the slow step 
in the reaction kinetics is nucleation. 

This work has been supported by grante from 
Research Corporation and the Petroleum Research 
Fund, American Chemical Society. 
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Relic-Soll on Limestone in South Wales 


Tan Worm’s Head, part of the Nature Conservancy 
Gower Coast National Nature Reserve, lies at the 
south-western tip of the Gower Peninsula of Glamor- 
ganshire, South Wales. It is a Carboniferous lime- 
stone headland accessible only at low tide {across a 
wave-cut limestone platform. On the southern 
side of the Inner Head (Ord. Surv. Grid Ref. SS 
395873) is a section in Pleistocene deposits of a type 
recorded widely in Gower! , and elsewhere in southern 

as follows: (1) Wave-cut limestone plat- 
form ; (2) raised beach of calcite-cemented limestone 
pebbles banked against sohd limestone; the Patella 
beach ; (3) remnants of bright red sandy clay loam, 
10-18 in. thick, contaming rare limestone pebbles 
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with red weathered outer zones; (4) brown loam 
containing abundant angular lomestone, a periglacial 
head deposit. The thickness of this is variable 
from_0 to 10 ft.; (5) dull grey-brown stony sandy 
loam, glacial drift containing abundant Old Red 
: Sandstone and Carboniferous grits and sandstones ; 
where this is preserved on the flanks of the Worm’s 
Head, the depth averages 4-6 ft.; (6) dull, grey- 
brown, sandy loam, almost stoneless, similar to the 
matrix of horizon 5, resting variously on horizons 
2, 3 or 6. `~- 

The Patella beach (Horizon 2) includes fauna 
characteristic of a cold climate, and deposits over- 
lying this beach elsewhere in Gower have been found 
to have included a fauna indicating ‘‘a climate more 
genial than that of the present day’. Horizon 3 is 
interpreted here as relos of a soil which had developed 
on Carboniferous Limestone prior to the return of 
periglacial and glacial conditions responsible for 
Horizons 4-6. 

The colour of Horizon 8 is red (Munsell colour 
3.5YR4/6-5/8). It is sticky and mouldable when wet, 
moderately massive when dry. Field texture, silty 
loam to silty clay loam, is heavier than that given by 
laboratory analysis. This, by the hydrometer method, 
ig sandy clay loam (5-5 per cent American silt, 38 
per oent clay}. Organic carbon content is 4 per oent 
and free iron oxides (by Deb’s method) 8 per cent. 
The clay fraction minerals are dominantly illite with 
a mimor proportion of chlorite. Thin sections reveal 
& skeleton of clean sub-angular quartz of mainly 
fine sand size in a matrix of yellow-brown colour. 
There are rare, small, round ooncretionary flecks of 
calcite and roughly rounded dark red-brown 
tion patches of iron oxides, the latter translucent 
with moluded quarts grains. Small, round or ovoid 
black opaque areas, reddish-brown in reflected light, 
polars the clay is markedly birefringent. There are 
moderately well and strongty oriented coatings around. 
sand-grains and the general clay areas are sean as 
fine in the terminology of Brewer and 
Haldane‘. The fabric seen in sections of this material 
is similar to that described in rotlehm from rus! 
and in material discussed by Dalrymple’, notably a 
red clay from head deposit at Slindon, Sussex. 
Examination of slides, including the le 
material, at the Institute of Archmology, University 
of London (by permission of Dr. I. Cornwall), showed 
comparable fabric also in rotlehm from Moroooo. 
The oriented olay is not concentrated in channels or 
pores, but is uniformly distributed as coatings to 
grains throughout the sections examined. The 
orientation apparently results from alternate wetting 
and drying of the soil-clay in situ rather than from 
Wluviation of mobile clay’, This fabrio is closely 
comparable to that d for terra fusca’, a 
soil of braunlehm occurring on limestone in 
climates of humid conditions, slightly warmer than 
most of Britain. The occurrence of iran segregatians 
and of small concretions is considered a stage in the 
process of rubefaction® leading in hotter climates 
to a development of terra roa from terra fusca, 
and rotlehm from braunlehm. 

The mterpretation of this material, in fleld mor- 
phology close to sisllitio terra rows and m micro- 
morphology close to terra fusca, is that it is a soil of 
transitional character between these two sub-types. 
The climate for its production is likely to have been 
essentially similar to that of south-western Britain 
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to-day, but with warmer summers. The shallow soils 
developed on limestone on the mainland cliffs adjacent 
to the Worm’s Head show in thin section weakly 
developed m oriented coatings to sand 
grains, but have a higher organico matter content and 
well-developed crumb or granular structure. It 
seems that only the first stages of transition from 
brown earth to terra fusca have been produced as a 
result of post-glacial conditions in tie area, A 
detailed study of a range of soils on limestone in 
Glamorgan is likely to be i ing. In particular, 
it is of geological and pedological aignrfloance whether 
the red silty olay frequently preserved over limestone 
in the Vale of Glamorgan and Gower is a relict 
material or a result of post-glacial weathering. It 
is suggested that it may well prove to be an inter- 
glacial relic occurring locally south of the deposita 
of the last glaciation. 

I am grateful to Dr. D. A. Osmond for helpfal 
discussion on this topic. 

D. F. Barr 
The Nature Conservancy, 
Headquarters for Wales and Bangor 
Research Station, 
Penrhos Road, 
Bangor, 
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CRYSTALLOGRAPHY 


Crystal Growth in Paraffin 

AN increased interest in crystallisation phenomena, 

especially m polymeric materials, is shown by 

the number of lications devoted to the subject. 

I originally publi observations of crystal growth 

of a dislocation mechanism m polymeric material” ; 

however, some observations remained unpublished 

and increased interest m this general area prompts 
this communication. 

In an attempt to study growth mechanisms in 

lymerio material by starting with paraffin and 

ing up to longer-chain polymers, some thought 

was given to how the dislocation promoting the growth 

is introduced: Frank* that this dislocation 


strain that may aid the buckling process. 
Pure paraffins (hexatricontane and pentatricontans) 


spirals very clearly evident (Fig. 1). 
are familiar and have been previously reported by 
other workers’ and are used as a Into the 
same solutions from which these standard crystals 
have been small amounts of ‘impurity’ 
material are added, and the new crystals grown are 
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examined. Impurities in the form of material with 
small particle mres (dyes and colloids) were tried. 
None of these was successful in introducing any 
changes in the resulting crystals. However, mnall 
amounts of hexatricontane, either solid or from solu- 
tion, when added to pentatricontane solution, and 
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vice versa, altered the growth mechanism. The 
resulting crystals were changed in morphology and 
had many more dislocation spirale evident per ] 
area. (A typical example is shown in Fig. 2.) _ It is 
felt that the impurity paraffin may aid in formation of 
dislocations as a result of its misfit with the host . 


A phenomenon of similar type may be occurring in 
polymeric material. Fig. 8 shows crystals grown from 
solution of ‘Marlex No. 20° (linear polymethylene) 
from xylene. 

R. J. Jacoopive 


Bell Telephone Laboratories, Inc., 
Allentown, 
Pennsylvania. 


“Growth and Perfection of Oryetale”, edit, by Doremas, R. Babette 
B. W., and Turnbull, D. (J. Wiley and Sons, New York, 1066). 


“Frank, P. O., “Faraday Discusion on Crystal Growth”, 
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i Dawson, L M., and Yand, ¥., Aatwrs, 167, 478 (1981). Forty, A. J., 
“Advances In Phyris’, 3, No. 9 (1954). 


Five Co-ordinated Titanium in K,Ti,O; 


Ir is widely believed that oxygen atoms may be 
extracted at random from the lattices of metallic 
oxides, and X-ray powder photographs have suggested 
that little or no modification of the structure of the 
original stoichiometric substance occurs. In partiou- 
lar, evidence has been adduced that the perovskite 
lattice can persist between the limits 4BO,—ABO,,.,, 
provided that the six co-ordinated ion B is one of 
the metals, titanium, vanadium, cobalt or iron}. In 
order to evaluate this proposal, we are examining the 
crystal structures of ordered, oxygen-defloient com- 
pounds in which the ionic radii SE with the 
rules enunciated by Goldschmidt* for perovskite 
structure. K,T1,0, was recently reported by 
Sohmurtz-Dumont and Reckhard' to have a large unib 
cell of low symmetry, and this could, perhaps, be 
due to the regular omission of some of the oxygens 
from a ite lattice. We now wish to report 
briefly that a complete X-ray structure determination 
does not support this view. 

Crystals of K,Ti,0, which are formed by slowly 
cooling a melt of potassium carbonate and titanium 
dioxide in the molar proportions 1:2 decompose 
rapidly in moist air, and require protection during 
X-ray exposures. They crystallize as monoclinic 
needles with the unit cell dimensions a = 11-374, 
b = 3-799, o = 6-616 A, B = 100-10°, and the 
structure which was derived unambiguously from 
Patterson and Fourier projections satisfies the space- 
group O2/m. The titanium atoms are each co-ordin- 
ated to five oxygens grouped as a slightly distorted 
trigonal bipyramid. Two of these have an edge in 
common (Fig. 1), and this double unit forms an endleas 
string elongated slong y. Strings are joined to one 
another by having corners (oxygen atoms) in common, 
and this results in the formation of a two-dimensional 
sheet or layer of composition (Ti,O;)*. The layers 
are held together by the potassium atoms (Fig. 2), 
which have a curious unsymmetrical environment of 
eight oxygens, bearing only a superficial resemblance 
to the cubic site of the perovakite structure. 

Instead of creating vacancies, the loss of some of 
the oxygen atoms has caused the remamder to 
regroup into a configuration around the titanium 
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Mig. 1. Double trigonal-bipyramidal groups of oxygen (large 
ctroles) around titanmm (small circles), seen in proj 





2. Projection of the structure of K,T1,0, on to (010), drawn 
tava A OAA AEA is AOA as GEOG, 


as hedra, Tho po 
and the to the nearest oxy 
for one 


atom that is so unusual for this element that rt 
has nevar, to our knowledge, been reported before. 
The structure of K,Ti,0,, as & whole, has certain 
similarrties to that of V,O, ım which, as in KVO,.H,O, 
the vanadium has five-fold co-ordination of & similar 
kind‘. In the magnetoplumbite structures some of 
the Fe™* ions also have the trigonal bipyramidal 
co-ordination’. Oxygen deficiencies in perovakites 
containing one or other of these cations might there- 
fore be expected to cause, at the very least, a local 
rearrangement of oxygens from octahedral to trigonal 
bipyramidal and in this sense the term ‘anion vacancy’ 
has lttle real significance. 
STEN ÅNDERSSON* 
Department of Chemistry, 
Unversity of Melbourne. 
A. D. WansiEY 
Division of Mineral Chemistry, 
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Uitra-vlolet Absorption Spectra of the 
Diazines 


No rotational analysis of an electronio transition 
has been reported for a molecule containing as many 
as ten atoms. However, preliminary spectrograms of 
pyrazine (Fig. 1) showed fine structure olearly sus- 
ceptible to analysis (Fig. 2). Twelve bands which 
were relatively free from overlapping were photo- 
graphed in the fourth order of a 150,000-line grating, 
and the rotational constants and accurate band 
centres were obtained. Similar treatment was 
possible for the 8200 A. absorption of pyrimidine and 
the 3700 A. absorption by pyridazine. The constants 
obtained for the respective 0-0 bands are : 


pe m AEB! py At Be 
7. 2 
Pyraxine 30,875 80 am. ~ 0 2048 om. 0:2038 am, 
Pyrmidme 81,07% 2-205 0 
Pyridaxme 26,648-7 0 2034 2-208) 


Resolved icular structure of a hybrid 
band of pyridazme (Fig. 3) gives, from the average 
spacing of the Pg branches, a very rough value for 
the imertial constant (C’ — B) ~ (0 — B,”), 
namely, 0-10, cm.-?. However, for each molecule, 
the lack of other precise data prevents determination, 
of the geometrical structures. Parameters which 
give agreement with the observed B,’-value of 
pyrazine are shown in Fig. 1. 

Binoe each 0-0 band is clearly of the parallel type, 
the electronic transition moment must in each case 
be parallel to the axis of largest inertia and perpendio- 
ular to the plane of the molecule. 

Partial vibrational analyses have been given for 
the systems of pyrazinel* and pyrimidine’, but 
evidently not for that of pyridaxme. Precise measure- 
ments of about 800 sharp Q branch edges of pyrida- 
zine, a8 well as of fine structures of eleven bands, 
have therefore been made, between 25,675 am.-! and 
28,775 om.-1. It has been poasible to arrange the 
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Fig. 2 0-0 band of the 18200 system of p 
very 


bands into a single band system about the origin 
given above. Particularly sensitive checks of the 
vibrational analysis were found in ‘hot’ bands 
originating in the levels 664-80 om. (v’,.) and 
969-88 om.—! (v’”,). Bach of these values agrees well 
with the infra-red and Raman spectra of pyridaxine* 
and each is observed several times in the present 
spectrum. Almost all the bands are degraded slightly 
toward longer wave-lengths, but a weaker system of 
blue-d bands was found to originate at 
27,182-8, an.—! (Fig. 3) and could be maluded in the 
stronger system if it was assumed that the 534-0, 
om.-! separation from the 0-0 band represents v'e» 
a ring-stretching frequency of symmetry B,. The 
ent was oonfirmed by observation of the 
(0-1) and (1-1) bands of the same vibration and by 
*observation of the ioular structure of Fig. 3. 
The most striking feature of the vibrational analysis 
is the decrease of ve from 664-80 to 372-71 an.-, 
but two other ground-state frequencies, Vy. "= 
1,158-1, om.~ and Y”; = 1,068-60 am.-!, and numer- 
ous excited-state frequencies of less-certain assign- 
ment, were also obtained. No out-of-plane vibrations 
are important in the spectrum, so it is concluded that 
the pyridazine molecule 1s planar in the excited 
electronic state, B,. 

The previous work on the vibrational assignmente 
for pyrazine and pyrimidine has indicated that it 
a e eon dan Gs e Coco ae 
molecule to account for the observed bands. Since 
this was not necessary for pyridaszine, it has seemed 
worth. while to review the list of pyrazine bands given 
by Hirt’ and the list of pyrimidine bands given by 
Uber. Where available, the more accurate head 
measurements and band centres of the present work 
have been used. All the bands of pyrazine between 
29,965 om.-1 and 32,058 cm.-?, except the weakest, 
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near the bend centre of the hybrid band et 
lines Q-branoh of the paralel 
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for all three molecules. The Q-branch edge corresponds 
sharpest for pyridaxine 


and all the main progressions of the pyrimidine 
spectrum, have been considered. Consistency with 
exact vibronic selection rules and with the infra-red. 
and Raman spectra of the two molecules‘ bas been 
imposed. A few re-assignmente of the Raman spectra 
have been necessary. All the bands considered may 
be accounted for by the following fundamental 
vibrational frequencies and combinations of them 
about the reapective 0-0 bands above. For 
pyrazine: Ves (Ay) = 582-61, v”, (Bag) = 257, 

Ya m 477, Y, (Bag) = 596-06, v, = 414, Yra (Ag) = 
1,220, and v'es = 1,108 om.. For pyrimidine : 

Ve (Ax) = 679, V'es = 530, Vies (As) = 344, Yir 
(4,) = 1,071, Via = 1,015, v’; (4) = 1,008, and 
vı = 1,291 om. The pees for the prominence of 
non-planar vibrations, By and A, in the spectra is 
indicated by the Franok—Condon principle : pyrazine 
and pyrimidme molecules are evidently slightly 
non-planar (‘chair-form’) in the excited electronic 
states, Biu aud B,, respectively. 

If the pyridazine molecule is planar in the excited 
state, while the related molecules are not, one may 
expect lower energies for excited pyridaxine molecules 
than for excited pyrazine or pyrimidine molecules. 
eS ee eee 


tested by accurate measurements of the band-heads 

of pyrazine and pyrimidine, by work on the depen- 

dence on temperature of each spectrum, and by 

examination of certain of the isotopically substituted 

compounds. A complete: report :Gf al this work- will 

be lished elsewhere. 
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Initial Stages of Oxidation of Coal 


OuB on the initial stages of oxidation 
of coal in air or oxygen is far from complete, though 
-, it is long known that the first stage is the formation of 
i complex and peroxygen-like bodieg!. 
Tt is this stage and onwards where information on the 
mechanism of the progress of oxidation is scant. 
We have found that in the first of coal 
oxidation deh: enation appears to the main 
reaction, without any drastic destruction of the carbon 


* it was shown that prolonged oxidation 


Era E Ere er kis tee 170° O. to 220° O. . 


leads to preferential oxidation of the non-aromstio 
part leaving the aromatio- nucleus unaffected, and 
therefrom structural parameters of coal “were 
deduced*". The same mode of oxidation at 170° O. 
in aig has been adopted to follow up the initial 
chemical changes in cage of high-rank vitrain. Samples 
of oxidized coal were drawn at small intervals of 


`.. time ab the initial stages. The material balance, 


ultimate analysis and fimctional group ere heey 
includmg methyl group estimation, were done for all 
these oxidized samples, and the results are given 

Table 1. The ira aay surat oF aac ena tee: 
gen before and after oxidation at different stages are 
also shown. 

The elemental balance indicates that dehydrogens- 
tion ia the main reaction at the initial stages, the 
loss of carbon being comparatively small. 

The nature of this dehydrogenation has been 
studied by treating ‘the oxidized samples with 
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010 30 50 70 90 110 180 180 
Oxidation (hr.) + 
Fig. 1. Hifect of oxidation an yield of char 


180 200 23%0 250 


sulphur’. It will be seen (Table 2) that the amena- 
bility to further dehy enation with sulphur’ 
(v esterberg’s) progressively with oxidation. 

The parallelism between the action of sulphur’ and 
day genie appears to be extended by the carboniza- 
tion behaviour of such treated samples, for example, 
oe apae oa (1) caking property 

(2) the yield of tar is inhibited ; 

(3) the char yield moreases, apparently, -at the 
expense of the tar-formmg structures. The yield 
of char progressively increases with the extent of 
oxidation and at the 72-hr. oxidation stage the yield 
of ‘extra’ char waa found to be almost the pame as is 
obtamable* from carbonization of the vitram in 
presence of sulphur (Table 2). It has also been found 
that if the oxidation is continued beyond this stages 
the yield of extra char decreases (Table 2), 5o much 


Table 1. Himaorrany COMPOSITION AND ITS BALAKON AT DIFFERENT PARIODS oF OXIDATION 


(Calculations based on 1 


unit coal basis) 
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Table 2. DEHYDROGENATION (VESTERAMRG'’S) AWD OARBONILATION 
BAKAYIOUR OF A VIFRAIN WEYH PROGREOSIVS OXIDATION IN AIR 
(Data given on the basis of 100-gm. unit vitrain) 
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pose est ee wg Wy i ene 
original yield of char is restored (Fig. 1 

Though the effect of ie asain 

by. airjoxygen or sulphur on the carbonization 

is almost the same, yet the overall reaction 

| oxygen does not appear to be a 


sulphur dehydrogenation*, 

vars ae dany Pir grec perpen eters 
dehy: enation. “How and whence this loss occurs 
during the initial stages of oxidation is nob 
explicable atthe moment ; but the fact that the tar- 
forming of.eatbon structure can be letely 
stabilized at a certain stage of coal oxidation le 2) 
would possibly indicate that the loes sb ihis stage 
must not have resulted at least from the destruction 
of tar-forming bodies. 

The above phenomenon of air dehydrogenation and 
its consequent effects on the carbonization behaviour 
have also been observed to be true at other tempera- 
tures of oxidation as well. The only difference is 
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each 10° O. riso in temperature (Table 1). 

The inhibition of the tar formation on oxidation 
of coal has bean common knowledge for a long time, 
but the causes of ite mhibition at the mitial stages 
of oxidation now have become evident from our 
work. The decrease or the complete inhibition of 
the formation of tar is not due to the destruction of 
ter-forming bodies, but apparently to their re- 
organization. Further, these findmgs on the initial 
stages of oxidation, vis-à-vis the action of sulphur* 
on coal, obviously raise some pertinent questions 
relating to the peripheral structure of coal which 
will be dealt with elsewhere. 
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Simultaneous Measurement of Adsorption 
and Electrodekinetic Parameters at 
“Metal Surfaces 


A BRORNT communication by Blomgren and Bock- 
i the 
the 


lytic cell, has been avoided by a technique developed 

in this Laboratory for the study of the poisonjng:by 

antimony of the hydrogen evolution reaction - on 
adsor 


in conjunction with 
nique of Joliot*. 


The technical problem was to firi a simple method 
of placing a thin metal window on a glass vessel in 
such a way as to obtain 4 water-tight seal without 
introducing any source of i into the dell. 
Tt was found that the desired result could be obtained 
by holding annealed gold foil against a heavy, polished 
lip of a circular aperture by mechanical means only. 
A cross-section through such an aperture in the 
bese of a spherical ‘Pyrex’ flask is shown in Fig. la. 
re FO a ee a te oe) eee A cal 

Ider’ (hatched region) in which it had previously 
Pen aaa The holder is shown in plan in 


oe 
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Tig. 1. e Goddi window tn position; b, nickel 
Fig. 1b, the cross-section ahown in (a) being taken 
through the dotted line. The upper and lower parts 
of the brass olamp, Fig. la, are held together by 
four bole threaded into the upper, horse-shoe shaped, 
part. The foil is placed directly against the polished 
glass lip and the mechanical pressure is transmitted 
through a rubber washer and a rubber ring, shown in 
solid black cross-section. The foil used in the present 
work was 1/100 mm. thick and supported readily 
50 om. of water on an unsupported area of 2 cm.?. 
Thinner foil could undoubtedly be used, if it can be 
found free from pin-holes. 

The above device permits simultaneous measure- 
ment of over-potential and amount of radiopoison 
adsorbed on the electrode. Some typical results are 
shown in Fig 2, for the poisoning antimony of 
cathodié hydrogen evolution on` electrodeposited 
nickel in 0-1 N sulphuric acid solution. panda 
had been purified by pre-electrolysis before coming 
into contact with the nickel-plated foil. Fig. 3 shows 
the increase in cathodic overpotential for a 
Sey (6 10S aoe) a A een ens 
amount of antimony (marked with antimony-]24) 
adsorbed on the cathode. It wag shown experiment- 
ally that the background due to antimony-124 





Oounta/min. x 107? 


2. n with 
Wig. oTe voaa, sere of antimony 
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dispersed in solution (400 ml.) was negligible. The 
curve, Fig. 2, was made to coincide with 

e ery o dh echo ete tant 

that one stom of antimony deposited 

nickel surface alters the hydrogen-evolution charactar- 


A. M. Purs 
pee min 
Institut du Radium, 

11 Rue Pierre-Curio, Paris, 5. 


} Blomgren, M. A., and Bookria, J. On, Feture, 196, 305 (1900). 
"Joliot, F., J. Oki, Phys., 27, 119 (1980). 


Ms. Pusns presents a solution to the technical 
problem of mounting a metal film in contact with a 
solution in such a way that cements, oto., do not cause 
contamination of the solution. Mr. Peaers’s solution 
of this problem is not compatible with the gradual 
approach of solution to the metal surface which is a 
characteristic feature of the method described by 
us. This method of gradual is necessary 
when the solution exceeds & small 
fraction of the radiation from the adsorbed amount 
(Fig. 1 in our communication). 
was negligible compared with the activity of the 
adsorbed amount. Simple computation indicates 
that the maximum concentration of adsarbable 

ies in the solution has to be smaller than 
10* mole L-! in Mr. Peers’s method. Our 
technique enables determinations of adsorbed amounts 
(with a precision of 0-1 of a monolayer) to con- 
coats ons of adsorbate in the solution of about 10-* 
mole L~, 

It may be mentioned that the problem of bringing 
the metal film in contact with the solution without 
causing contamination to the solution hag aleo been 
solved by us, though in a different way from that now 
described by Mr. Peers. One method used by us 
consists in mounting the metal foil flush on a holder 
in such a way that the foil covers the edges and sides 
of the holder. Another technique consists of evaporat- 


“ing & metal film qn a mica foil fused to the edges of a 


~ 


glasa cylinder which surrounds the counter, using a 
low-melting glasa:-- These details were excluded from 
our brief communication. A fall account of the 
results will be published elsewhere. 
‘ E. A. BLOMGBEN 
Stanford Research Institute 
Southern California Laboratories, 
South Pasadena, California. 
J. OM. Boorn 
John Harrison Laboratory of Chemistry, 

University of Pennsytvania, Philadelphia, 4. 
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Structure of the Trinuclear Basic Acetates 


Tam trivalent metal ions, for example, Cr+, Fe 
“and Al! form a Ton of basic acetates which are 
EE Oey contain complex ions of the type 
eo foe P (refs. 1 and 2). In addition, a very 

pounds containing only ane hydroxyl group 
ime bean i dekoras. The whole group of compounds 
is of considerable ihterest in view of their unusual 
magneti ropertiess,*, 

The folowing are among the most significant 
Anamin of tha thang seudica Whish have been reparted: 
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. (1) The- great majority of compounds contain six or 


more agetate groupe for each group of three metal 
ions. (2) Trmuclear complexes are formed only if 
the oom ign oan be formulated to contain either 
hydroxyl groups or water molecules, that is, one 
cannot replace ‘hydroxyl’ groups by halide ions. 
(8) Strong magnetic interactions occur between the 
metal ions*,4, 
Here I wish to propose a structure for th 

Firsty we eagpeo that onah mola ion i ce A R 

that each metal ion, is 

by negative ions or polar molecules, for 
a Caracas Mappa alt over Pageant aed ced 
Cr* ion. This excludes structures related to that 
of the cupric acetate dimer involving direct metal 
metal bonds. Next, we remember that magnetic inter- 
actions between metal atoms joined by ane or two 
hydroxyl groupa, for example, between Cr* ione, 
are usually weak while interactions via oxide ions 
are often atrong*. Finally, we note that acetate 
ieee E T Ra 
and zino acetates*. 





inako 


on to 


Pi oar suora for eon ang lon: ara the 


Indicating the M.O plans 


These considerations suggest that- the structure 
basic-.to. the whole group of compounds may be 
npieened ae mp 1 . The three metal atoms are 
arranged in an equilateral about a central 
O-- ion. The ‘portions wane 40 the O- ion say be 
occupied by any of the ligands normally associating 
with trivalent transition-metal ions, for example, 
water, amines, further acetate groups 
ions. By varying these groups a variety of different 
complexes can be obtained. The six acetate groups 
complete the octahedral co-ordination about the metal 
ions,.each one ‘completely to one side of the 
plane of the metal ions and linking a pair of them. 
A. simple ‘geometrical construction shows that this 
structure builds very nicely if the usual bond- 
lengths are assumed. 

The. proposed structure is closely related to that of 
basic beryllium acetate. It differs in that the central 
O-- ion is 


in the rutile type oxides TiO, (ref. 6), eto.) The 


apparent ent for at least one hydroxyl group 
in the com is explained if it is aawumed that it is 
really an O-- ion which is involved; if OH- were 


really present as such it is difficult to see why it 
should not be replaced, for example, by halide ians. 
While other structures are possible, for example, 
the metal ions might lie at the vertices of an equilateral: 
triangle with. two hydroxyl groups, one above and 
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one below the centroid of the triangle, none builds so 
neatly. é 


1 “Gmelins Handbush der Chemie’, System Mo. 59 (1038). - 
1 Biarko, K., J. Inorg. and Nuod. Chem., 18, 254 (1960). 


“wie rE, K OEL, ad Joata; Ee T Aer, Chant: Spas 


“Well, A F., O it A O Get ls O 
Untv. Presa, 1980). 


Positions of Thorium and Uranium 
in the Periodic Table 


Eumoner 90 of the Periodic Table, thorium, ordin- 
arily appears as the first element of the actinide series, 

pended below cerium at the bottom of Table 1. 
Tiin constantin wives the: kamonsior thal thacum 
is the second member of a series starting with actintum 


group. From the point of view of alloying 
behaviour it is inconsistent to consider thorium as 
related to the scandium group. During the course of a 
continuing investigation into the alloying behaviour 
of scandium and titanium group elements with the 
platinum metals, it was noted that thoriam behaves 
a if it were a member of the titanium group. Evidence 
is given in Table 1 in which the crystal structure of an 


and for the remainder will be published 


Tablo 1. Onyeral PYRUOTURIS oF AH, DrIRARTALLIO OomPpounps 


compound family. pertaining 
to certain, of these have been published!, 





















* 

Zo on of ABs ae erkis; i o 
ey ae pee, a a 
pounds in which the B element is palladium. Those 
compounds in which the A element is titanium, 
zirconium, hafnium, thorium or uranium all have the 
TiNi,-type structure, but those in which the A element 
is scandium, yttrium, lanthanum or holmium have 
the Ou,Au-type structure. Likewise, 


fact, an older version" of the Periodic Table placed 
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Pon and uranium in the titanium, 
E a wan E 
orystal structure resemblance among the heavy 
elements. 


A recent review by Makarov" discusses the similar- 
ity between the 5f elemente (thorium and those follow- 
ing it) and elements of the the titanium, vanadium and 
chromium groups. A major point-made by Makarov 
is that the 5f elements exhibit a woll-established 
resemblance to the titanium, vanadium and chrom- 


resne of elenen Ta (h8 Ef SA Makarov pointe 
ou that the most convincing evidence for the simular- 


system. 
resulta and other recent data mentioned 
ay do aot mapi ee pon of view that 
maana Feapenblen he AOA 
I have found a compound URh, of ji ss 
but it has been shown‘ that there is no MoRh, com- 
work’ 


pound of the Cu,An-type. Previous had 
a UPd, of the TiNi,-type, 
but no MoPd, (ref. 6) compound was rep 
In , the data on AB, compounds 


uranium bears little resemblance to molybdenum of 
the chromium group. It is considered that the 
in which both thorium and uranium are 
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It is thought that a Periodio Table which is realistio 
from the point of view of transition alloy behaviour 
` ghduld show thorium in a dual role, first as a nember 
of the titanmmm group and secondly, as the parent 
ite oa A le form of such a diagram 
is shown in Fig. 1 are two major advantages 
to this radial form of the Tablo. First, the lanthanide 
and thoride series are shown in their proper groups, 
rather than a ed. Secondly, no implication is 
made that the ides are a ‘heavy rare earth’ saries. 


E ore ee orice te coders 
elemente from americium on aa related to the 


This work was performed under the auspices of the 
U.8. Atomo Energy Commusgion. 


A. E. DWIGHT 
Argonne National Laboratory, 
Argonne. 


2 he and Bock, P. å., Tans, Amer, Ins. Mack. Bng., 115, 
6 (1 


1 Demmg, H. G., “General tod ia nee of, 
a r nT end Pirat a 


aea oc Garis Opie U, 
n e Aa rA 


* Ranb, H, Z. Metallk., 45, 28 (1054). 
* Heal, T. J., and Willams, G. ae aate riak tenth CID) 
i a and Hume-Rothery, W. , J. Inst, Metals, 87, 265 


the Sf Hlements” in 
’, Beaborg, G. T., and Kats, J. J. (1964). 


BIOCHEMISTRY 


Phospho proteins and Mitochondrial and 

Cell Water 

a E oommunications’,? it was shown, that 

antihistamine drugs m concentrations which 

do not affect respiration or phosphorylation reduce 

the rate of swelling of isolated mitochondria and also 

diminish the rate of extrusion of water by these 

particles. It was found that the drugs greatly reduce 


the rate of turnover'of p hoprotein phosphorus in 
such a work now been extended, 
and it ; been found that a variety ae ak 


affect mitochondrial swelling and ‘contraction’ aleo 
affect the phosphorylation of protems. A similar 
relation appears. liver slices taking up and extruding 

appropriate conditions. Amytal and 
ondrisl ‘contraction’, whereas 


; ion of protein; this is shown in Table 1, 
which also shows the effecta of amytal, aride, 2,4-dini- 
trophenol and ‘Phenergan’, a phenothiazine anti- 
histamine drug.. It will be seen that there is 6 
correlation between the increase in optical density 
of the mitochondrial suspension, and the phosphoryla- 
tion of Tf the time-course of ‘contraction’ is 
foll there is a close correlation between these 


two processes. Furthermore, if the mitochondria 
are allowed to re-swell, this event is by a 
fall in phosphoprotein-level, even in presence of 


eo ee Ge ee a eco 
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avr OF INHIBTTORS OF MITOCHONDRIAL ‘Oowraacrrox 
PHOSPHORYLATION ~ 


n xw ProTEN 
ulated 0:25. eer on 


107+ M versene 
swollen by laminomethan 
hydrochlonde, pA for 00 90 ann 
a 





1 
& 
4 
2 
2 
3 
6 
4: 





admission of oxygen. ‘Phenergan’, which is known 
to protect liver slices from certain types of injury*', 
inbibite this extrusion of water in much the same 


Table 2 ıs shown an 
It can be seen that a diminution of extrusion of 
water the drug is accompanied by failure to 
phosphorylate protein, though adenosine triphosphate- 
levels are the same as in the control. This relationship 
has been observed under other conditions in which 
extrusion of water is prevented (for example, aftgr 
prolonged anoxia) even though adenosine 

phate synthesis occurs normally. If phosphorus- 82 
is present in the medium, the phosphoprotein- 
phosphorus turns over rapidly, the speciflo sah 
of the newly formed ph im approaching that 

of the newly formed adenogine triphosphate within 
60 min. ‘Phenergan’ greatly reduces the rate of 
turnover, but these are complicated 
by the com: talization of morganic phosphate 
and adenosine triphosphate within the cell. It should 
be noted that, under oertain conditions, the antihista- 


This has bean excellently demonstrated by McLeant 
for slices cut from the liver of vitamin E-deflaient 
rate. This effect is a further complication in work 


with slices. It may protection of the 
It may be argued t phosphoprotein-levels 
merely adenosine triphosp levels, much 


as in the case of phosphocreatine. Against this view 
is the fact that there is considerable excess of adeno- 
sine hate in the mitochondrial experiments. 
In the alice, however, such an explanation is more 
likely, since the levels of adenosine triphosphate and 
phosphoprotein are of the same order; but there 1B 
no evidence from'sn vitro studies with cell-free prepara- 
tions or slices that ‘Phenergan’ interferes with 


onship between movement of water and phos- 
phorylation of protein, both in mitochondria and in 
whole cells. It is also suggested that the reactions 
regulating these processes are: 

ATP + protein œ ADP + phosphoprotein (1) 
- ATP — ADP + morganic phosphate (2) 
phosphoprotein —> protein + inorganic phosphate (3) 
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Table 2. Birao" or ‘Pamnneaan’ ow WATER BITEUSIOX, Apwroamnn TEIFAOEPHATN- AND PHOKPROFROTNIN-LAYELS OF BLIOES 








Miriga; for fest 30 min. with OF per oent 
SHoes about wet weight wers placed In in Krebs— containing sodium bicarbonate and gamed for i oat 
altragen-b per oath ston For aerobio recovery, Tita dod at 106%. GS shape, daegminatny 
mleca eee Genk the Ba tomisod. aad hos Pomerat of 10A in the flasks a 
Adenosine triphosphate 
Percentage of dry weight («moles Pigm. wet weight) (ammoles Pj wot weight) : 
Slice Control 10~ M ‘Phenergan’ Oontral 10+ Mf Phenergan’ Gael Fo Bh igihaia 
Initial 28 0 _ 1-7 _ 1 00 omen 
$0-min. noria — 0 — 0o — 
%0-min. oxygen aso 23-0 0 87 0-72 0:76 (0-82. 0-68 (0-00 
00-mm. oxygen 24-0 28 0 1 05 1-10 0 80 (0 26 0 65 (0 12 
90-min. oxygen 25 0 230 1-25 1-20 0 76 (0-82 0 6 (0°11 











All these reactions oocur in liver mitochondria and 
slices. It is to be noted that reaction 2 will 

phosphoprotein by causing reversal of reaction I, 
and that reactions 1 and 8 together can constitute an 
adenosine triphosphatase. Reactions 2 and 3 will 


. therefore act in concert to catalyse cell degradation, 


under unfavourable conditions. Inhibition of any 
one of the three reactions will tend to protect. The 
resulta so far available suggest reaction 1 as the mie 
of action of the antihistamines, but this iteelf may be 
a complex system. 

Finally, paces and ‘Phenergan’ afford potent 


shifts of water. The impor- 


deficiency*, and will also prýiost mice against murine 
hepatitis virus’. 

This work has been supported in part by United 
States Public Health Service grant No. O-4534 and 
by Chas. Pfizer and Company, Ino 

J. D. JUDAH 
Wistar Institute of Anstomy and Biology, 
Philadelphia, Pa. 
1 Judah, J. D., Nature, 188, 390 (1960). 


Protection against Liver In 
to Murine Hepatitis 


Pruvrous work has shown that antihistamine drugs 
protect against liver injury caused by a variety of 
agents! both in the whole animal and in vitro. Judah 
has also shown that these compounds inhibit mito- 
chondrial swelling t viro, and has indicated a 
possible mechanism of action". McLean‘ hag shown 
that the antihistamine ‘Phenergan’ will protect rate 
against nutritional liver necrosis and has demon- 
strated in vitro effects of this drug with slices out from 
the livers of rata on necregenic diets. 

In the present communication, it is shown that the 


ay due 


protection to mice infected with murine titis 
virus (MHV 3) (Dick, Niven and Gledhill’), In 
addition, mouse liver and ymal 


cells grown in organ culture (Bang and Warwick*) were 


protected by ‘Benadryl’ from the cytolytic effect of 
the hepatitis virus. 

The murine hepatitia virus was obtained from Dr. 
Gledhill and inoculated intra: into adult 
O 57/Bl 6 mice in this . When these mice 
became ill, they were killed and their livers made into 
suspensions as 6 source of virus inoculum in subse- 
quent . The LD50 of virus necessary to 
cause deaths in the mice within 5 days was estab- 
lished, and it was also found that this doso killed 
nearly all the animals within 7 days after infection. 
If ‘Benadryl’ ee ei ae oe 
ieee cats dir chetont elects pie ira 


daily throughout the 
tins Of Wis’ Migsiibae GE dente yaa “found. 
ahi d o a Poin GE tha ote eee 
ment. On analysis, it is found that P is leas than 
ee eee 


Pe Wak T aad Wicca oe 
found that both “Benadryl and rho ad eA 
vented the marked rise of this enzyme serum 
which is sssociated with liver injury. 

The livers of mice treated with ‘Benadryl’ and 
of control mice were also examined histologically. 
Tho earliest is a fooal necrosis, clearly sean 
on the third day, but already on, the second 
day. This stage is indistinguishable in both groupe 
of mice. However, by the fourth day, the control 
mice showed confluent areas of necrosis, all liver 
lobules being affected, and many completely de- 


In contrast, the mice treated with ‘Benadryl’ 
showed very marked Fala at or of the liver, the 
legions still retaining their fo A 

Virus concentration “im the livers of treated and 
control mice was determined on the fourth day after 











Table 2. BLOOD SunuM-Lyvaus OF MALIO DRHYDROGKNASS 


ee of i a ate | 











10 0 (range ee 


18-0 (range 14-20) 
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inoculation, when mioo in both groups were killed 
and their livers made into suspensions which were 
inoculated. intraperitonoally, in serial dilutions, into 
other mioo. The results revealed the 
same concentration of virus in hvers from mice 
implice that. th 


on. the virus. ee viene ue 
that the antihistamines inhibit a general mechanism 
of degradation. 

In order to simplify the work, organ cultures of 
mouse liver on reconsti 


to contain 30 per cent of a mixture of calf serum and 
chick embryo extract m ee of 3:1). 
It was found, in keepmg their results, that 
macrophages sre first destroyed by this virus within 
24-28 hr. after infection, but that two days later 
legions caused by virus also appeared in the hepatio 
cells, ultimately destroying the entire culture. ‘Bena- 
aryl’ afforded complete protection agamst injury 
to both of cell, in concentrations of 10+ 
10-* M when added at the same time as the virus. 
The same protection was observed by the addition of 
anti-mouse hepatitis virus 6 immune mouse serum, 
whereas normal mouse serum was without effect. 

The presence of hepatitis virus in cultures was 
determined by inoculation of culture fluids and cells, 
respectively, into 057/Bl 6 mice. Virus was always 

recovered from control cultures even after several 
hoped eA liver organ cultures, but, 
culture fluids from cultures treated with ‘Benadryl’ 
showed only minimal amounts of virus. These 

i are bemg further investigated. 

It is le that necrosis of liver cells in an animal 
-infi with hepatitis virus is not directly caused by 
multiplication of the virùs within the cell. ‘“Bena- 
dry! prevents or delays considerably the necrosis of 
the cell, but has little or no effect on multiplication 
Gate is eerie ie ce aioe th This 

Eee Boll gecoe at atlas 


and of Judah already cited. 

This work has been supported in part by United 
States Public Health Service grant No. 0-4584 and 
py Chas, Pfizer and Co., Inc. 

E : J. D. JUDAN 
pe as G. Bsorvaptr 
- i T. Vamo 


Wistar geo of Anatomy and Biology, 
ee. Pa. 


t , Judah, J. D., and Rees, E B., 
legis, G E, gt daa 
* Judah, J. D., Nature, 18%, 300 (1060); Bap. Odi Ree., 18, 404 (10} 
*Judeh, J. D., Nature (preceding communication). 
t Molean, A. H. M, Faure, 168, 191 and 086 (1900). 
A §., and Giodhill, A. W., Brtt. J. Bap. Paih., 
‘Bang, F. B., and Warwick, A., Virology, 9, 716 (1989). -. 
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Selective ical Déincnadradion 
of Arginine Groups in Nucleoprotein 
in the Cell Nucleus 


. Sakaguchi reaction f 
aa Has bok Getta for’ anicroupectronhoto. 
metry". 


The main obstacles to ite reliable exploitation for 
the purpose mentioned are: (i) the contribution of 

: groups not involved in the eic 
aoid— in complex; (2) the stain in 
oy necessitating the use of isolated nuclei, 
with concurrent artefacts ; (3) removal of material 
from the specimen by the strongly reagent 
mixture. 


We have examined the effect of prior anhydrous 
vig i Saal on. are reaction, and the applicability 
and freexe-substitution which would 

serie some fixation artefacts’. Benzoyl chloride 


‘reacts at cytoplaamio protein groups but ‘leaves 


certain nuclear groupe unblocked’. 

We find that when anhydrous benzoylation (2— 
84 hr.) is applied to tissue specimens and is followed 
by the Sakaguchi procedure’, the colour reaction of 
arginine groups is, completely prevented in the cell 

while a definite nuclear reaction persists. 

k holds true (with one exoeption noted later) for 
all material so far examined, namely, sections or 
smears from many tissues (and sperm) from rat and ° 
mouse, as well as locust testis and root tips of Vicia 


and Triliem. Frozen-dried, frozen-substituted and 
Lewitaky- specimens all give this characteristic 
effect after ta on rat liver 


A complication in the interpretation of ‘the results 
of the normal Sakaguchi method iteelf is shown by 
our further observation that frozen-dried or frozen- 
substituted tissues, fixed in sections or smears by 


by eye or two-wave-length spectrop. 
metry, except in the sperm head. ‘A normal reaction 


is seen in the cytoplaam. This is in contrast to the 


relatively strong nuclear reaction found after verious 
chemical firatives, for example, in piaia A 


microscope meesurementa of the changes 
in dry mass of oell nuclei exposed to the Sakaguchi 
reaction mixture, after various initial treatments. 
The results (Table 1) show that the negative nuclear 
reaction in frozen-dried or frozen-substibuted speci- 
mens is due to a very considerable removal of nuclear 


plasmic reaction for arginine. 
with ‘Celloidin’ does not prevent this logs. The extrac- 
oo en oe eee 
part, by treatment with Lewitaky’s fluid pooh chaps ey 1): 
Aa B agri poe iors is pa Orpana pioa 

tion after ‘Celloidin’ coating’, eon 
a ar ace E ese ee 
then be a possible soproe o: Results very 
Se tse a Tes Lee css os eee 
frozen-dried tissue sections ‘(with and without 
benzoylation). 


tion or, in ` 


. 
~ 
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Table . ouii Mass oF INDIVIDUAL Cal NvcLM AFTER 
1 OE am bo NUON BBL HUA 





a a m 





wa © o a a 





‘Oallokdin’-coeted samples 
T Approximate only, dus to considerable swelling. 


These observations lead us to concludes : 


nuolear proteins ; 


side-chains, in contrast to those in other situations, 
“are held in the charged form even in the 
pyridme-acetonitrile medium and so cannot be 
acylated. However, all types of argmine side-chains 
are reactive in the Sakaguchi method due to discharge 
in the aqueous alkali which must (for this same 
reason) be employed. 

Further evidence for the above interpretation is 
that, while the reaction is in general confined to the 
cell nucleus and, in fact, virtually to the chramosomes 
in dividing cells, a cytoplaamic reaction is also found 
in one case, namely, where a high acoumulation of 
ribonucleoprotein is that is, in the basal 

besophilic region of active pancreatic acinar 
cells (in contrast to the negative cytoplasm of neigh- 
bouring cells of other types), and also in, certain plant 
root meristem cells. Presumably salt-lmked arginine 
groups are present there, too. The blocking reaction 
is not sensitive to prior water treatment, as it is in 
the case of histidine 4,4, again consistent with 


a stable salb Imkage. Prolonged benzoylation 
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(18 hr.) does not abolish the reaction, that ia, a merely 
kinstio difference is not involved. f 
(2) While it is preferable to employ freeze-drying 
or fraeze-substitution, to avoid initial EE 
errors, these processes (followed by ethano on 
leave the nucleoprotein soluble in the alkaline 


affect of benzoyl groups introduced at other sites in 
the nucleoprotein (an effect we have confirmed on 
isolated calf thymus histone). Even after such 
treatment, the possibility of diffusion errors, below 
the limite of total mass messurements by interfero- 
metry of the present type, remains in the Sakaguchi 
method. 


(8) The method described can be applied to tissue 
specimens without isolation of nuclei, for the micro- 
spectrophotometric measurement of the nuclear 
arginine fraction in question. Measurements to 
support and extend these observations will be reported 
elsewhere’. 

The plant matora! ed ae nity eunniea Hy 
Dr. J. yen and Mr. L. F. LaCour. 

E. A. BAENARD 
f L. G. E. BEL 
Department of Zoology, 
University of London, King’s College, 
Strand, London, W.0.2. 
1 
Malad, X Pal i G a, Laour, L. F., and Ohayen, J., Bap. Cell 
"Barnard, W. A. and Danteli, J. F., Nature, 178, 1450 (1056). 
: L, 


Bell, L. G. “Physical Teohnt m Research”, 
GAE by, Otter, Gn and Pollster, A. W. ( en nee 

‘Barnard, H. À., in “General Oytochemical Methods”, 8, edit, b 
Danial, J. ¥. (Academic Press, New York, 1900; is be pat, 


1 Barnard, H. A, and Looney, W. D. (in preparation). 
* Baker, J. B., Quart. J. Mioro. Sei., 85, 1 (1044). 
Oe B., and Freenkel-Ocnrat, HL, Indusi. Fug. Chem., 38, 104 


* Wilkina, M. H. F., Biochem. Soe. Symp., 14, 18 (1057). 


Reversible Dissociation of Ribonuclelc 
Acid 


Tas work hare was prompted by the 
observation that when infectious ribonucleic acid, 
isolated from Ehrlich ascites ocells infected with 
Mengo enoephalomyelitis virust, was inéubated with 
crystalline bovine pleama albumin in solutiona of 
physiological ionic strength, ite biological activity 
was lost or sharply inhibited. No loss of infectivity 
was observed when mixtures of these two substances 
were incubated in concentrated solutions of sodium 
chloride (0-6-1-0 M). However, infectivity was not 

i when i eio acid mixtures 
in physiological saline were made 0:64 M with reepect 
to sodium chloride. The biological activity of the 
Mengo ribonucleic acid and of the Mengo ribonucleic 
acid-bovme plasma albumin mixtures was assayed 
by a plaque method employing monolayers of Earlo’s 
L strain mouse fibroblasts’, 

The ribonucleic acid used in the Seanad 
described here was isolated from Ehrlich ascites 
tumour oells by the phenol method previously 
described". The fraction of high meloonia i 
was separated from material of low molecular weight 
by precipitation in 1 M sodium chloride. In the 
analytical ultracentrifuge this fraction showed two 
peaks with sedimentation velocities of 16-18 8. and 
32-34 8., respectively, the component sedimenting 
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tore rapidly comprising 60-65 per cent of the total. 

All _ultracen: ‘were performed in the 

’ model # ultracentrifuge, using either 

i optics or ultra-violes absorption and the 
‘Analytrol’ with the parton: bees attachment‘. 

The interaction of ribonucleic acid with three 

different proteins, namely, bovine plasma albumin, 

bovine y-globulin, and a-lactalbumin 


has been studied. Under the 
admixture of protein and ribonucleic acid in solutions 
of physiological ionic strength results in the conversion 
of the 16 8. and 32 8. components or ribonucleic acid 
into components sedimenting more slowly. Simoe 
these in sedimentation properties are accom- 
panied by a decrease in the viscosity and turbidity 
of the solutions, it seems reasonable to assume that 
they reflect a dissociation of the ribonucleic acid. 
The degree of dissociation depends on the protein 
used, the ratio of protein to ribonucleic acid concentra- 
tion, and the absolute concentrations of each. The 
dissociation oan be partially or completely reversed 
by making the solution 1 M with respect to sodium 
chloride or 0-01 M im magnesium sulphate. Neither 
the conversion of ribonuoleio acid into slowly sedi- 
menting components in poynolosicel salme solution 
nor the regeneration of the rapidly sedimenting 
oom: ts occurs rapidly. At 4° O., 2-4 hr. are 
required. for the first process, and a somewhat longer 
period is required for the second. 

At concentrations of ribonucleic acid greater than 
1 mgm./ml., bovine plasma albumin did not affect 
the sedimentation velocity of the nucleic acid. 
However, in a solution containing 20 and 400 ygm./ml. 
of ribonucleic acid and bovine plasma albumm, 
respectively, most of the nucleic acid was found to 
sediment with the bovine eon a ries albumin peak. The 
sedimentation constant of the laster increased from 
4:3 to 5-1-5-3 8. The rapidly sedimenting compon- 
enta of ribonucleic acid ‘were regained when the solu- 


or 0-01 M with respect to magnesium gulpi 

j a-Lactalbtmin is a protein with a molecular weight 
of 15-17,000 and a sedimentation constant of 1-6 8. 
Because of ite emall size, it is particularly well suited 
for studies of ribonucleic acid-protein interaction. 
Fig. 1 shows the changes in the intrinsic viscosity 
of a ribonucleic acid solution (1-2 mgm./ml.) when 
incubated with a-lactalbumin (5 .jmL). Although 
incubstion of the ribonucleic acid alone produced a 


decrease in. the viscosity of the solution, it was slight 
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. compared with the very rapid decrease which resulted 


from addition of protein. In a similar mixture, inou- 
bated for 12 hr. at 4° O., a new with a sediment- 
The addition of sod- 


ation constant of 3-08. a 
Beh Sere only pareialiy: reversen 

It was possible to dissociate ribonucleic acid by 
means of bovine y-globulin at all concentrations of 
ribonucleic acid and protein. The re of dissocia- 
tion depended on the ratio of protein to ribonucleic 
acid. At high ratios there was complete dissociation, 
and all the ribonusleio acid travelled with the protain 
At lower ratios there 


me te. 2, the distribution of sedimentation oon- 

stants observed by means of ultra-violet optios in a 
mixture containing 50 pgm./ml. [bovine y-globulin 
and 25 pgm.fml. ribonucleic acid is The 
distribution shown in Fig. 24 was obtained after the 
mixture had stood for 2 hr. m 0-14 M sodium 
chloride, buffered at pH 7-0 with phosphate of ionic 
0-01. At that time, an aliquot was made 


aliquot 3 hr. after the addition of magnesium salt. 
Since the protein contributed only about 5 per cent 
of the optical density, the distributions are essentially 

those of the ribonucleic acid. 
eaha apaa oeae POA TET PEPE 
dynamio equilibrium with sub-units, and that the 
ium is shifted towards dissociation by binding 


y 
be possible to demonstrate such an 
without the use of protein. Pae enee 
the 16-18 8. component in the ultracentrifuge by 
means of a partition celt did give fractions the 
sedimentation properties of which changed with 


molecular weight (82 8.) peak if fractionation 
had been inefficient. 

One may sum up these findings by eaying that the 
dissociation. of ribonucleic acid is a reversible 
if it is not carried too far. If it is assumed t the 
irreversible dissociation does not involve degradation, 
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but rather a failure to re-aasemble the molecule in & 
specific order by random processes, the measured 
sedimentation constant of 8-0 8. and intrinsic vis- 
oosity of 0-1 (Fig. 1) obtained with a mixture of ribo- 
nuoleio acid and a-lactalbumin may be used to 
estimate the probable sub-unit size at 85-75 nucleo- 
tides. Considering only the reversible dissociation 
seen with bovine y-globulin and bovine plasma 
albumin, the sedimentation resulta (Fig. 2) can be 

to estimate an upper limit of 200 nucleo- 
tides for the sub-unit size. 

The results of Loring ef al.* would suggest that the 
ribonucleic acid of tobacoo mosaic virus ia capable of 
reversible dissociation into sub-unite, with retention 
of potential biological activity. The recovery of 
infectivity implies a specific re-assemblage of the 
ribonucleic acid molecules. 

This work has been supported by from the 
National Institutes of (0-4534 and 2G-142-01), 
the American Cancer Society (B-89), and the Samuel 
8. Fels Fund. ‘ 


Wistar Institute of Anatomy and Biology, 
86th Street at Spruce, 
Philadelphia 4. 
* Travelling Fellow of the N.8.W. State Cancer Council 

1 Oalter, J. 8. Bird, H. HL, and Brown, R. A., Nature, 178, 859 (1957). 
3 Miem, K. A. O., and Coltar, J. B~ Virology (In the press). 
“Holter, J. 8., and Brown, R. à., Solence, 194, 1077 (1956). 
Bs rag H. K; Tie Uliracentrifuge in Biochemistry” (Academic 
i Press, New York, 1950). t 
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Carbohydrates of Ecklonia radiata 
Is connexion with our work on the chemistry of 
cellulose and related carbohydrates, it was found 
desirable to investigate certain properties of algal 
ides. In peeking a source of these materials 


ap to have received little chemical study, 
the carbohydrates of Heklonia maxima, 

and By ormas of 

South Africa have been investigated!. The northern 
i species, especially of the genus inari 
have studied in considerable detail! ?: large 


seasonal variations occur in the contents of laminarin 
(0-80 per oent), alginic acid (10-80 per cant) and 
mannitol (0-30 per oent) ; the fuooidin content is low 
and less variable?,*, 


milled, material with 1 per cent hydrochloric acid by a 
two-stage steeping treatment, essentially as desoribed 
by Black et al.*. On allowing the solution to stand 
for several days, little or no insoluble laminarm was 
precipitated. One fraction (I) of polysaccharides was 
precipitated by the addition of ethanol to a concentra- 
tion of 74 per cent, another (II) by further addition of 
ethanol to the supernatant to s final concentration of 
85 per oent. The polysaccharides (I + II) were 
obtained in a yield of about 6 per cant by rediasolving 
the precipitates in a small amount of water and tritur- 
ating with ethanol and ether. Fraction I consisted 
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of laminarin and fuooidin ; fraction II almost entirely 
of laminarin. Fractional precipitation of I with 
ethanol gave only a partial separation of the soluble 
laminarin and fucoidin. However, part of the facoidin 
could be removed on an anion-exchange resin (& 
Smith, F.; personal communication), 5 
the solution through ‘Amberlite 


Be ee E T os de onald Roi KARORO: 
grams and freeze-dried. . 

Further work was done with samples collected m 
summer, Mannitol was extracted with butanol’, 
i from butanol and from ethanol; 


It was isolated as the free acid and sodium salt, which 
were compared with authentic samples. Analyses 
were carried out according to the methods developed 
by Cameron, Roes and Percival’. The average contents 
for December—January were found to be as follows : 


Lamine Midrib* 
Mannitol z nN iy a F 
Laminarin oent) 54 18 
Fueoidin (per cant) 10 12 
+ The ‘midrib’ is that of the frond, comprising the elongation 
of the stipe, from ‘laming’ have been removed. 


The seasonal variation in the content of the four 
carbohydrates is of interest in connexion with their 
biochemical function and possible utilization. This 
aspect of the work and others are receiving attention, 
and will be reported elsewhere. We wish to thank 
Miss 8. Austin, Mr. K. J. Harrington and Mr. G. 
Davies for help with this work. 

C. M. Srawazr 
H. G. Hicanrs 
Division of Forest Produocta, 
Commonwealth Scientifio and Industrial 
Research Organization, South Melbourne. 


2 Von Holdt, ML AL 8. P., and Mi J.B, J. Sel, Food 
Agrio., 8, 193 UD. i ne 

‘Black, W. A. P., J. Mar. Biol. Aswe, U.K., 99, 45, 370 (1050). 

ie in Carbohydrate Chemistry’, 8, 315 (1953). 


‘Black, W. A. P., J. Soo. Chem, Indust., 67, 165 (1048). 
* Black, W. A. P., am, T J., Dewar, H. T., and Woodward, 
F. N., J. App. hem., 1, 505 (1981). 


* Camaron, M. Oy Boss, A- G, and Percival, N. G. V., J. Soo, Chen. 


Fatty Acid Composition of the Lipids 
of Pasture Grasses 


Lrrtis information is available on the total fatty 
acid composition of pasture grass lipids. Shorland.* 
reported that the fatty acids of the acetone-soluble 


( : 
accounted for less than 20 per cent of the total aci 

and that the remaming unsaturated acids consisted 
largely of linoleic and linolenic acids. Details were 
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not given of the is of the fatty acids of the 
- acetone-insoluble lipids (phospholipids), though ib 

was stated’ that those from oocksfoot grass resembled 
the fatty acids of the acetane-soluble 
lipids, except for a somewhat lower mean unsature- 
tion of the C,, unsaturated components. In earlier 
work Smith and Chibnall’ isolated the phospholipid 
fatty acids of cocksfoot grass and showed that they 
consisted of linoleic, linolenic and saturated 


shown that about 60 per cent 
of this lipid fraction of New Zealand grasses consists 
of galactosyi glyceryl esters of fatty acids, largely 
Imolenic acid. 

As part of investigations on the fate of dietary 
lipids in the rumen of the sheep a detailed analysis 
was made of the total fatty acids of artificially dried 
milled grass containing about 50 cent of i 
ryegrass, 25 per cent of oot, 15 per cent of 
timothy grasa and 10 per cent of Italian ryegrass 
grown in Aberdeenshire and cut in July 1959. The 
material was exhaustively extracted successively with 
hot 95 per coent ethanol and hot chloroform—methanol 
(2: pitted The lipids in each extract were hydro- 
peel 


respectively, represented 2-02 and 0-27 per cent of 
the dried grass and hence 88-2 and 11-8 per cent of 
the total fatty acids. 


ethyl i 
for to adipate") aa liqui phano at 170 . and argon 
as carrier gas. In le 1 is shown the composition 
of each of acids and the resultant composition 
of tho total fatty noida of tho rac lipida 


Table 1. Farry iam OCoxroerror o Arruan GRAB LIPTOS 
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The two groups Plot Mon acids contributing to the 


total acids are similar in composition, though 
the lipids of the chloroform—methanol extract contain 
relatively more io acid and leas lmolenic acid 


than the lipids o the ethanol extract and, in addition, 
are characterized by the presence of small amounts 
of arachidic and behenic acids. The total fatty acid 
composition, resembles closely that of the leaf lipids 
of maize’ (another graminsoeous plant) and also that 
of the lipids of alover-rich pasture’. Linolenio acid 
is the component, and the unsaturated 
Ox, acids make up more than 75 per cent 
of the total acids ; of the saturated fatty acids present, 
palmitic acid predominates. 

Tho lipids in each of the two extracta of the dried 
grass were subjected to a preliminary fractionation. 
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The ethanol-soluble lipids were subjected to chromato- 
graphy on silicic acid (of. Garton and Dunoan’); 
a fraction elrted with 5 per oent other in light petrol- 
E E a T E sige lipid. The 
free acids were and fomd to comprise 18-5 
per cent of the total fatty acids of the grasa ; their 
composition is shown in Table 2. Following saponifica- 
tion and removal of ungaponiflable matter, fatty 
acids sccomted for 92 per cont of the remaining 
neutral lipid, which was taken to be trighyoeride. 
These fatty acids represented only 8-8 per cant of the 
total fatty acids of the grass. Subsequent elution 
with 10 per cent methanol m ether removed lipid 
na teh r e Oore lo 

Kreetal cenite co Aae Aea by No, toate 
ceryl esters as by Weenink ; hydrolysis 
galactose and fatty acids, of which 

linolenic acid accounted for 82-0 per cent (Table 2). 


Table 2. Farry ACID OONPOSITIOR OF FRACTIONE DERIVED FROM 
THE Brom UBLE LIPIDS 
(Values as peroentago by weight of total acids in each group) 





insoluble portion; the acetone-soluble lipids were 
relatively richer in Imolenic acid than the scetone- 
insoluble lipids. 
Further work on the nature of the lipids of grasses 
and other animal feeds is in progress. 
G. A. GARTON 


Rowett Research Institute, 
Bucksburn, Aberdeen. 
1 Shorland, F. B., Watwrs, 158, 168 (1044). 


2 Shoriand, F. B~ J. Sot. Food Agric., 4, 407 (1953). 
Smith, J. A. B., and Chibnall, A. O., Bioohom. J., 98, 1845 (1982) 
R. On WZ. J. Soi, 3, 273 (1950) 


* Orombie, W. M., J. Bap. Bot., 9, 254 (1088). 

’ F. B., Weenink, B. O., and Johns, A. T, Nature, 176, 
1129 (1955). 

* Garton, G- À., and Dunoan, W. B. H., Hioshem. J., 67, 340 (1057), 


PHYSIOLOGY 
A Biological Interval Analyser 
A YFEHQUENT requirement In the analysis of 


biological date is the classification of time-intervals 
Thus one might wish to know the most probable 


long biological records. This method, however, can 
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Bay] 





Counting Registers 








Fig. 1 


become extremely time-consuming when the number 
ob biological signals to be classified’ is large. An 
example may serve to illustrate our point. ‘The 

neurons of the unanesthetized, unstimulated cat's 
brain aro in a gato of continoal ' 


Their of 
minute is constant (same 5-20/sec.) when observed 
over long periods of time, but ib appears le 


only i 
terms of probability, since any particular flash of an 
identical series may or may not be followed by an 
action potential. 

There are, thus, two questions ane might reasonably 
ask about the behaviour of colls in the-unanmsthetized 
cerebral cortex. AD E oeng of the 
neurons random with respect to time ? (2) What is 
the probability that an action potential will occur 
withm a darvak of Als atte the pti: 
tion? The manual analysis of two mimutes of record 
from cortical units may involve the measurement and 


discharges of a single neuron in the ‘resting’ 
brain. The rate of revolution of the clock is first 
pre-set to a convenient value so that the biological 
signals are fed to each of the for, 
say, 100 m.sec. The switch S is set to position a. The 
first action potential causes the clock to jump from 


NATURE 


513 


resting position 9. to position 0, where in tho 


sco of Ago schon otal trata, or 10 
If the next 


At the end of a series of action potentials the counting 
registers of the instrument display numbers propor- 
tional to the probabilities of cocurrence of various 
intervals between action potentials. 
Another mode of operation of the analyser provides 
the probabilities that action potentials will ocour at 
various times after the stimulation. For this operation 
the switch S is turned to b, when initiation of the 
clock-cyole is triggered by a pulse synchronous 
stimulation. Suppose that the clock’s rotation is 
so that it spends 20 m.seo. in each position. 
Bonos also that Wie ereauanny. of sepietition, of k 
stimulus is 1 per seo. The first stimulus of a series 
will move the clock from position 9 to position 0 and 
initiate ita stepwise progrese. Should an action, 
potential occur during the 20 msec. that the clock 
rests on position 2, then the event will be stored in 
register 2-3. The clock is nob reset by this action 


through 

to the appropriate registers. 

position 9 it waits there until the next stimulus begins 
counta 


Although 7 
for the analysis of the behaviour of central neurons, 
ita use is clearly not limited to this function. The 
same instrument could, for example, be employed 
analyses of cardiac 


~ with equal ease to maske similar 


rhythm, respiratory activity, or animal behaviour in 
conditioning experiments. 


B. DaLeLN BuBNB 
Depertment of Physiology, 
McGill University, 
Montreal. 


Depressing Activity of Meprobamate on 
the Reticulo-Endothelial System 


Data in the literature point to tranquillizers as 
drugs having & certain influence on the responsiveness 
to infections. Patients treated with reserpine or 
chlorpromazine have decreased resistance to infectious 
diseases?},*. 

Chlorpromazine increases susceptibility of mice to 
infection with SalmonsHa enteritidis? and depresses 
the phagocytio activity of the retioulo-endothelial 
system‘. The production of anti-Salmonslla typhi- 
murium agglutinins in rabbits is decreased by 
meprobamate’. Vinegar and found that 
the clearance-rate of carbon particles in blood of mice 
is depressed 24 hr. after the administration of a single 
high dose of certain tranquilizers. Meprobamate at 
two dose-levels (100 ead 200 mgala doa noi 
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affect clearing. They attributed the depreasion of 
the reticulo-endothelial system as due to the libera- 
tion of corticosteroids from the adrenal cortex caused 
by the tranquillizers. It is known in fact that oorti- 
oosteroids inhibit the clearing of carbon particles by 
the reticulo-endothelial system’,* and that chlorpro- 
masine mduoces adrenocorticotrophic hormone release 
from the h; hysis’ and hypertrophy of the adrenal 
cortex!*, the other hand, adrenalectomy has 
been reported as a condition which does not affect 
clearing’4 and that the depression of the reticulo- 
endothelial does not in adrenalecto- 
mized hydoxyxine-treated mi It seemed, there- 
fore, of some interest to investigate the influence of 
meprobamate, given in therapeutical doses and for 
more than one single administration, on the reticulo- 
endothelial system and to have more evidence for 
supporting the theory of the imterference of the 
adrenal cortex. 


Table 1. CARDON OLLARANOE OF Nommit, HEFROBiKiTH-TRRLTAD 
aD ADENRALBOTOMTEDD Mice 
+ standard errors) 


128 +074 


6-9 + 0-48" 


44’ + 2-68" | 2-79 4 0-82 
12-7 + 0 06| 21’ + 091$ | 8-83 + 0-155 
7A + 0-06"! 42’ + 6°16F | 8-428 + 0'18} 


TRAOST*| BS’ + 6-18" | 2-72 + 0-18" 





Ld 

o ee P< 0001; t00 < P< 

Male Rockland-Swias mice weighing 20 gm. were 
divided into three groups ; one served as control and 
received saline, another was given subcutancously 
25 mgm./kgm. of meprobamate and another was 
adrenalectomized. Clearance of carbon particles was 
carried out as described by Heller e al.1*, and determ- 


OT is days of a end’ in 8 _after 8, 7 
eee and in ` tom- 

ized group after 7 days in the animals. For 
each animal was then calculated : phagocytic 


index (K), that is, the constant of the equation of 
disappearance of carbon from blood, the half-time of 
carbon disappearance (7'/2) and the corrected phago- 

oytio index (a), which measures the p. ic activity 
per unit weight of liver and spleen. results are 
summarized in Table 1. From the results it appears 
that the activity of the retioulo-cidothelial system 
is strongly depressed at the beginning of the treatment 
with meprobamate, returns almost to normal after 
7 days and is again depressed after 15 days. Our 
resulta for the effects of adrenalectomy do not agree 
with those of other authors and do not allow the 
possibility of investigating the effects of meprobamste 
on the adrenalectomized animals. So far as the 
mechanism by which meprobamate affects the 
retioulo-endothelial system is concerned, it may be 
sup that the tranquillizer induces at the begin- 

ning & ‘block’ of the adrenal cortex function (depres- 

sion of clearing) which returns to normal in a few days 
(almost normal clearing) ; the continuous administra- 
tion of the tranquillizer leads later on to an in- 
creased secretion of adrenal corticoids which may 
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the depressed activity of the reticulo- 
othelial system after 15 days of treatments. 
A. Dan Vicorio 
L. Borms 
Lab. Studi e Ricerche, 
pai ne 
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Anti-Fertility Action of a Monoamine 
Oxidase Inhibitor 


Aw earlier communication has directed attention 
to the anti-inflammatory properties of inhibitors of 
monoamine oxidase. Similar properties for iproni- 
azid, one such substance, have been described 
ind . The similarities between the vascular 
events of implantation of the fertilixed ovum and ef 
the inflammatory reaction, together with the low 
toxicity of certain monoamine oxidase inhibitors, 

prompted the trial of these compounds as orally 
Carin istaesd DADR of conception. The work was 
also stimulated by reports of the effect of 5-hydroxy- 
tryptamine and iproniaxid in terminating pregnancy 
in mioe?. 

Female albino rate of the Wistar strain, weighing 
150-250 gm., were caged with similar male rets (one 
male to every five or six famales) for a mating period 
of 9 days, the males then bemg removed. Animals 
receiving the monoamines oxidase inhibitor did so in 
-their drinking water. The drug used was (1-methyl1-2- 
phenoxyethyl)hydrazmium (compound HP1275) 
obtained from Smith and Nephew Research, Ltd. 
The dosage ranged from 0-1 to 0-5 mgm. per ml. of 

water. The nature of the experiment meant 
that both female and male rate received the drug 
throughout the period of mating. The females were, 
however, put on the drug 24 hr. before the males were 
added to their cage. 

Table 1 shows that the higher dose led to complete 
suppression of fertility. Both female and male rats on 
this regime showed no obvious abnormality or dis- 


turbance of health. The lower dose-levels showed lees- 
striking effects. 


Table 1. Hrract OF COXTOUND HP1275 ow tHe INOIDENON oF 
Panes. Moa 


XOY IE RATB AND 
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out the addition of the drug to their 


treated, 11 became pregant and delivered normal 
litters which survived. 

Although the affect in rate was striking, inter- 
pretation is diffloult. It is not certain whether the 
action of the drug is on the female or partly or wholly 
on the male. It has not yet been poasible to devise an 
experiment in which animals of only one sex received 
the drug and yet in which there was an adequate 
mating period with minimal handling of the animals. 
However, other results indicate that the action is 
probably on the female’. 

Compound H P1275 has been administered to male 
and female rata for several months in doses up to 
50 mgm./kgm./24 hr. without detectable clinical or 
histologic] asbnormalities. A general toxic basis for 
the anti-fertility effect of the drug is therefore rather 
legs likely than a more specific action. However, it 
cannot be said to be established that the drug acta 
by inhibition of monoamine oxidase. 

Two suggestions may be made. The compound 
may prevent the destruction of a vasoconstrictor 
amine at the site of implantation, thus preventing 
vascular changes essential for thia process to be 
coompleted!. Alternatively, it may stimulate hormonal 
secretion in the pituitary-suprarenal axis of a nature 
unfavourable to the establishment of pregnancy. 
Such stimulation could be direct or indirect through 
the mediation of pressor amines. 


W. GQ. Sescron 


Department of Morbid Anatomy, 
University College Hospital Medical School, 
London, W.0.1. 


1 Bpector, W. G., and Willoughby, D. A.~, Mature, 188, 162 (1960), 


* Betnikar, L Balvatorra, and T 0., Bri, J. Pharm., 1 
tet tess N. emekou, 4, 


* Poulson, H., Botros, KL, and Robson, J. ML, Science, 131, 1101 (1060). 


Reversibility of an Inherited Metabolic 
Block (Inborn Error of Metabolism) 


Tas irreversibility and of the basic 
defects in ‘inborn errors of metaboliam’ have been 
regarded hitherto as essential isi of the 
condition as defined by Garrod!. The question is 
whether in the light of the following observations 
this aspect of Garrod’s concept oan yet be universally 


Thyroidal uptake of lodine-131 


(per cent of dose 
2hr. Mhr, 48hr. 72 hr. Sehr. 144 hr. 
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We have had the opportunity of observing two 
siblings with sporadic goitrous cretiniam, which condi- 
tion is known to arise from a genetioally transmitted 
failure of thyroid hormone synthesis*. In our cases 
the metabolio blook was found to be an inability of the 
thyroid to hold morganio iodide and convert it to 
organic iodine (abnormally high uptake of iodine-181 
during the first hours after the administration of the 
tracer, with a subsequent drop to abnormally low 
levels, low serum-protem-bound iodine-127; see 
Table 1). The resulting clinical manifestations were 
in both siblings a large, partly diffuse and 
nodular goitre, and severe myxcsdems. The short- 
termed administration of massivo doses of active 
thyroid. les (90 mgm. “Triac’ or ivalent 
doses of desiccated thyroid within 6-9 days) resulted 
each time in & protracted olinical remission 
without additional therapy 6-7 montha (al this 
‘stosstherapy’ was performed five times). Studies of 
thyroid function performed at 2, 8 and 4 months of 
the therapy-free remissions revealed a practically 
normal pattern of thyroid faunotion, thus incidentally 
also ruling out a fortuitious ingestion of thyroid 
substances‘. 

In a third sibling, who only recently came under 
our observation and who was clinically and function- 
ay. perfectly like those previously studied, the 

same therapeutic procedure also resulted in a pro- 
tracted and complete clinical remission which so far 
lasts 8 months. Thyroid function studies performed 
at early stages of the therapy-free remission revealed 
a low-narmal pattern. The most striking and unex- 
pected result of isotope studies was obtained at almost 
6 months after the administration of the “Triac stos’ 
The saad show aag the thyroid gland 

according to ted views must 

ET ENE pon ERTA lock at an early 
stage of hormone synthesis, was by that time not only 

le of holding abnormally large amounts of 

(6 days after the administration of the tracer, 

thyroidal collection waa still 41 per cent) but also 
of converting it at a high rate to io-bound 
iodine. That at least part of the protein-bound 
iodme released into the circulation was biologically 
active may be inferred from the clinical state of the 
patient, who was both euthyroid and pagan 
Chromatographic study of the at pees rience 
compounds could unfortunately not be 
as the dose of iodine-131 was too smal] 
for this purpose. It will be the subject of further 
investigations. 

This is, to the best of our knowledge, the first time 
that a genetically transmitted, that is, inborn, error 
of metabolism was st least tem ily repared 
and converted into normal metabolic channels func- 
tioning at @ higher rate even than normal. It is 
worthy of note that this effect was achieved by the 
extraneous administration of massive doses of sub- 
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stances chemically like the physiological end-product 
of the previously defective metabolic process. 


HIRMAN ZONDEK 
Hansan E. Laszynaxy 


Department of Internal Medicine, 
Bikar Cholim Hospital, 
Jerusalem. 


Rothschild Hadassah University Hospital, 
Jerusalem. 


1 Garrod, A. H, Lancs, il, 142 (1908). 
* Hutehison, J. H., and Moir, H. ML, J. Olia, Endocrinol. and Met 
4, 869 1954). 


* Fondek, H., Leaxynsky, H. N., and Zondek, G. W., Ada Endocrinol., 
29, 47 (1958). 


‘Zondek, H., Lesxynsky, H. H., and Zondek, G. W., Bru, Med. J., 
1, $40 (1950). 


Effect of Wheat Gluten on the 
Peristaltic Reflex 


Sunarciviry to wheat or rye gluten is the essential 
mechanism in the pathogenesis of oœliao disease and 
idiopathio steatorrhws. Such patients improve on 
a gluten-free diet and deteriorate on the re-mtroduc- 
tion of gluten itself or rae eta E and filtered 

ioftryptic digest Into iett, these diseases 
Panis of small intestinal function is a major 
factor’. 

The peristaltic reflex of the isolated intestine? was 
used to test the depressant activity of gluten and 
several of rte fractions on intestinal motility. Per- 
fasion of the autoclaved and filtered peptis/tryptic 
digest through the lumen did not produce any depres- 
sion of this preparation. External administration, 
however, caused complete inhibition of longitudinal 
as well as circular muscle contraction. Movements 
returned while the material was still in the bath. 
This depression was also shown by an aqueous extrast 
of gluten and was not affected by ultrafiltration. 
The ultrafiltrate of the aqueous extract was ten times 
as potent aa the peptio/tryptic digest. All activity 
was abolished by acid hydrolysis. Inoubation of the 
active material for a few minutes with small intestinal 
mucosa from the rat and with one specimen of human 
jejunal mucosa abolished the inhibitory effect. 

The mechanism of this depressant effect of gluten 
fractions was studied with the help of the oo-axially 
stimulated isolated guinea pig intestine‘. The 
twitch response was markedly depressed for several 
minutes with either fraction. Asaay of the acetyl- 
choline output on the isolated guinea pig ileum treated 
with neostigmine and morphine‘ showed a signifloant 
depression with the pangs of a or asigl. 

reliminary experiments, e synt o - 
cholins by small intestinal cholinacetylase' was not 
affected by the addition of the ultrafiltrate of the 
aqueous extract of gluten. 

The conclusion is dawd that wheat gluten which 
is pathogenic in coeliac disease and idiopathio steator- 
rhosa contains a factor which depresses the peristaltic 
reflax of an isolated strip of intestine. This fastor 
is heat-stable, resistant to peptic/tryptio digestion 
and not removed by ultrafiltration. It is sensitive to 
acid hydrolysis and digestion with small intestinal 
mucosa. It depresses acetylcholine output, but 
synthesis does not appear to be affected at moderate 
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dosage-levels. It may therefore prevent release of 
acetylcholine from the inactive bound state. 


R. SOENEDER 
- H. Brspor 
B. Saaw* 
A. O. Fraza 
Department of Medical Biochemistry 
and Pharmacology, 
University of Birmingham. 


* Present address: Boots Pure Oo., LiL, Research 
mont, Onaalstry Division Taint Beek oe hee DOEK 
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HAEMATOLOGY 


Substance from Erythrocytes of Blood 
Group A 

Bioop group substances from erythrocytes have 
been claimed to be glycolipids, while those from 
secretions were deseribed as mucopolysaccharides. It 
has been suggested that glycolipids from erythrocytes 
owe their blood group activity to the contamination 
by secretions like blood substances, Th? 
problem of identity or relationship between these two 
kinds of blood group substances may be solved only 
if their chemical and serological properties are 
directly compared. 

The present communication describes the isolation 
and properties of a human blood group A subetance 
from . Determinations of iscagglutina- 
tion inhibition and h»molysis (Forsaman) inhibition 
tests were made using as a control the original sample 
of blood group A substance (kindly given by Prof. 
W. T. J. Morgan and Dr. W. M. Watkins of the 
Lister Institute, London) hereafter referred to as a 
‘standard A substance’. 

Pooled, washed, human A erythrocytes were 
extracted with 4-05 voL of 86 per cent w/w ethanol for 
24 hr. at room temperature. The extract was Beitz- 
filtered and cooled to —7° O. A precipitate, ‘crude A 
substance’, which formed was centrifuged at —7° O., 
washed with acetone and dried in a vacuum. Its 
blood group activity, as measured by the isoagglu- 
tination inhibition test, was 2-5 per cent of the 
activity of the standard A substance; it did not 
contain O, H, Rh, M, N, P factors and exhibited no 
influenza virus hemagglutination inhibition activity. 
Chemical analysis revealed 15-5 per cent reducing 
sugars a8 galactose, 2-6 per cent hexosamine, 3-4 per 
cent phosphorus, 2:0 per oent nitrogen ; the gluoog- 
amine/galactosamine ratio* was 1: 4. 

The crude substance was extracted with acetone, 
ethyl ether, and petroleum ether suoceesively, then 
dissolved in boiling methanol, filtered while hot, and 
the extract was cooled to 0° O. The precipitate 
formed (‘precipitate M’) contained 26:3 per oent 
reducing sugar, 5-0 per cent hexosamine, 1-4 per cent 
phosphorus. Its activity was about 10 per oent of 
that of the standard substance. 

A sample of ‘precipitate M has been further purifled 
by chromatography on æ cellulose column. Two 
fractions emerged from the column: fraction I in 
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* Tixpressed as parcentage of the activity of standard A substance. 


chloroform/ethanol/water, 16: 4:1, and fraction II in 
chloroform/methanoljwater, 5:15:1. They repre- 
sented about $0 and 5 per cent of the chromato- 
graphed material, respectively. The properties of the 
two fractions are shown in Table 1. Fraction I was 
soluble in both water and organic solvents (pyridine, 
hot methanol, mixtures of chloroform and methanol). 
In water it forms a somewhat opalescent solution, 
exhibiting a considerable viscosity. This substance 
gave no reaction with p-dimethylamimobenraldehyde 
described by Aminoff, Morgan and Watkins’. Galact- 
ose, glucosamine and galactosamine were identrfied 
in this material by means of paper chromatography 
in butanol/pyridine/water solvent. Fucose content 
of this material was 0-8-2-0 per cent. Fraction I 
may be further purifled by extracting it with a large 
volume of hot 95 per cent acetone, then by oold 
precipitation from hot methanolic solution and 
finally by pyridine extraction and’ tion on 
alumina, essentially after the method of Klenk and 
Lauenstein‘. One of our best preparations obtained 
hy the above methods contained 16-6 per cent 
hexosamine, 60 per cent reducing sugars, 2-7 per cent 
nitrogen and 1-37 per cent sphingosine nitrogen’. The 
‚sum of i ine and hexosamine nitrogen repre- 
sented 98-8 per cent of the total nitrogen. The 
galactosamine/gluccgamine ratio was 6:1%. Analy- 
tioal values suggest that this material is hexosamine- 

i ine-trihexoaide somewhat similar to prepara- 
tions of red oell blood group substances described by 
Yamakawa and Suzukit. The preparation was not 
tested for homogeneity, but fraction II did display 
two hexosamine-contaming componente in fractional 
solubility tests with methanol; the ratio 
of Te amounted to 78 nd $8 oe oent. 
The activity of fraction II was about 12-5 per cent 
of the activity of standard substance. However, with 
& small number of anti-A sera, the erythrocyte 
substance was 10-20 times as active as standard A 
substance, but both appeared to be less active when 


tested against these particular sera than against the 


usual ones. The possibility cannot be excluded that 
these sera contained some unknown antibody against 
other componente of the surface. The 
hemagglutmation inhibition activity has also been 
tested by Prof. W. T. J. Morgan against various anti-A 
reagents. Substances obtained from erythrocytes 
when tested against rabbit anti-human red oells 
sera were active in dilution of about 10', while when 
tested against rabbit anti-muooid A substance sera 
showed aotivity of a lower order (about 104). 

It is interesting to note that neither substanoce 
obtained fram A red oells nor from O red ocells 
contained O or H antigen. 

The blood group activity of our preparations was 
not destroyed by treatment with hot 0-05 N sodium 
carbonate for 15 min., and no N-scetyIhaxosamine 
colour has developed on subsequent treatment with 
Ehrlich reagent*. This is exactly opposite to what 
hes been found with substances obtained from 
body fluida". When the erythrocyte substance was 


treated with hot hydrochloric acid, pH 2-3, for 8 hr. 
the kinetios of both di of sell and 
appearance of N-acetylhexosamine colour were 
similar to those found i the mucoid A substance. 
The above results point to the fact that blood 
group substance as obtained from human erythro- 
cytes is a different chemical entity from the blood 
group substance as obtained from human body fluids. 


J. Kosomnsax 
K. Zaxarawexr* 
Department of Biochemistry, 
Institute of Haematology, 
Warsaw. 

* Present address: United Nations Solentific Committees on the 
Effects of Atomio Radiation, New York 17. Tae 
z , “Blood Group Substances, their Chem! 
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Haptoglobin Types in 398 Blood Donors 

from Dakar (Senegal) 

From resulta already published on the haptoglobin 
types in African populations, three points deserve 
attention. First, the Hp (1-1) type is very frequent. 
Secondly, the Hp (1-2) modified type, described by 
Connel and Smithies, is present much more often 
than in European populations’. Thirdly, the so-called 
ahaptoglobinemic sere, which are go rare in the 
latter, were found in Africa with a frequency of up 


to 40 cent! ?, 
Tatha paet wa e Daro aded D0 boaii 
les from blood donors registered at the Centre 
nique of electrophoresis in staro wes t pre- 
viously used by us’, in a borate buffer at pH 8-3. In 
addition, a control in a ph te buffer at pH 7 -0 (ref. 
4) was made on all the samples in which the character- 
istic bands of the Hp (1-2) or Hp (2-2) types were 
missing. It wes thus very casy to distinguish the 


so-called shaptoglobinsemic sera from those belonging 
to the Hp (1-1) type. 
The observed ies are : 
Hp (1-1 148 7 19 per oent 
Hp (1-2) normal 141 43 per cant, 
pH modified 44 EEE 
Hp (2-2 47 1-81 pæ 
Special 2 Be oe mot 
o hap bin detectable 16 4-02 per ont, 


The proportion of the sera in which no haptoglobin 
was detectable is very mmoh lower in our resulte than 
that obtamed by Allison s al." and by Harris et al.. 
In Gambia, Harris e al. found more than 40 per 
cent of such sera. On the other hand, Sutton e al.§ 
did not specially seek the ahaptoglobinsmio types, 
bub their figures suggest a low frequency, of the same 
order of magnitude aa ours. 
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Sera which were weakly stained by the benzidine 
reagent were very in the material we tested. 
Presumably, minor differences in the technique could 
have led us to classify them in the ‘ahaptoglobinzmis’ 
group. In such populations, if the size of this group 
18 80 largely dependent on the technique, it will be 
oe ie sooner cop iaes Per eo 
eee pomt of view. 

A more on Rypoey well pe girin alae nee 

. Mourao 
A M. Fove 
Centre National de Transfusion Sanguine, 
6 rue Alexandre-Cabanel, 


Paris, 15. 
Hôpital Le Dantec, 
Dakar. 
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BIOLOGY 


Translocation of Wild Animals as a 
Means of Game Control 


A PRALIMINARY trial in the translocation of the 
herd of kob antelope (Adenota kob thomasi) at Lugari 
in Kenya was made in June of last year (Buechner, 
H. K., Harthoorn, A. M., and Luck, O. P., unpub- 
lished work). The herd in question numbers some 
500 head, and is the only herd of kob in Kenya. Its 
existence in this number on the farm- and ranch-land 
of Lugari cannot be supported. by the landowners. 
Moving patt of the herd to other areas is the only 
alternative to destruction. 

During the first eight days of the scheme early in 


number 18 failed to go down; this was discovered 
to be due to a fault in loading, with resulting syrmge 
ldw-onb e CDe lohving she pum and atetne ihe 
animal; three animals on the firsts day duo 
to faulty construction of the holding area; and 
three animals died during immobilization. 
deaths due to suocinylcholine had not been reported 
previously in the course of immobilixing some sixty 
males, it appears that the female, possibly only 
the pregnant female, is more susceptible. After 
adding atropine to our succinyloholine solution, as 
is our routine practioe with animals such as buffalo, 
no more deaths from this cause ensued. Among the 
first animals caught, two died from injuries caused by 
their efforta to break out of the stockade. Adequate 
of the inner face of the perimeter stockade 

‘will possibly prevent this in the future, as will the 
presence of tame animals. _ Furthermore, these 
animals had not been with 

Teele Lob ca coy as ie cuore etree 
for loading on to a truck to be moved to a game 
reserve 820 miles away. Of these, 18 were females, 
the greater number of whom were clearly pregnant ; 
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two were sub-adult males. The extreme tipe of the 
young horns of the males were removed and the ends 
covered with of ‘Hlastoplast’. They were caught 
one by one by being driven into a crush, injected 
with ‘Largactil ( (chlorpromazine hydrochloride) and 
placed in the darkened truck interior. There they 
settled down immediately. The inner walls of the lorry 
had also bean lined with grass. 

The first attempt at moving these animals from 
the holding enclosure failed. The crush ab that time 
opened into a small catching chamber where it was 
hoped to hold the animal by manual restraint while 
the injection was being made. This proved to be 
quite impracticable, and some injury was inflicted 
on the handlers. A modification whereby the animals 
ran through the crush into a specially constructed 
slatted box, where they oould be tranquillized and 
afterwards moved to the truck, proved to be satis- 
factory. It was found convenient to drive the 
animals into the crush at dusk. Artificial lights were 
used to encourage the animal to move towards the 
slatted box. The animals were transported during 
the night to avoid overheating—an important factor 
in tropical climates. 

In the first batch moved there were a dozen 
females and one male. _ All arrived safely at the new 


, Meru Game Reserve, having travelled a distance of 


320 miles. 

| eo a 
that oan be caught by one gun or other pro 
oe corel ee a oc en cacti ok 
increased experience and improved equipment. This 
method of game control has now been shown pos- 
sible, It is hoped that the principle of removing 
wild animals from contested areas will be used with 
increasing frequency instead of the destruction that 
has been practised up to date. 

We wish to express our gratitude to the farmers in 
the Lugari area for their co-operation with us on this 
scheme. + was supplied by the Kenya 
name Dope patting! se mag eater 
by a grant-in-aid from Preservation 
Society, London. The succinylcholine chloride waa 
kindly given by Messrs. Burroughs Welloome (Hast 
‘Afrion), Lid, and the ‘Largactil’ by Messrs. May and 
Baker. 


A. M. HABTHOORN 
J. A. Loox 
Departments of Vetermary Physiology and 
Medical Pharmacology, 


Effect of Penicillin on the Maintenance of 
Rumen Oligotrich Protozoa 


Ir has been shown previoualy** that sheep rumen, 
Hntodinta spp., p Entodinium coudatum, 
could be grown tn viro, dividing every 48 hr. on a 
medium of salts, dried grass, rice starch, chloram- 
phenicol and fresh or autoclaved ramen fluid, but 
that it was necessary to add fresh grass and rice starch 


in the presence of penicillin for periods up to 14 days 
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The substrate consisted of 3—4 ml. quantities of 
mineral salt solution B (see below) plus about 6 mgm. 
dried grasa’ and 0-2 ml. 10 per cent ‘Difoo’ yeast- 
extract contained im ocotton-plugged 7-ml tubes 
(fitted with ground glass stoppers) and autoclaved-at 
10 Ib./sq. in. for 20 min. Immediately after removal 
from the autoclave and cooling, the following additions 
wero made aseptically : 0:3 ml. 1 per cent 1-cysteine 
hydrochloride (neutralized with sodium hydroxide 
and Seitz-filtered just before use), 0-2 ml. 5 per cent 
sodium bicarbonate (Seitz-filtered), 0-25 ml. 6 per 
cent rice starch (British Houses, Ltd., Poole, 
England ; heated at 120° for 24 hr.), 0-8 ml. Protozoa- 
oontaini autoclaved rumen fluid and 0-4 ml. 
25,000 v. penicillm Gjml. (sterile). The tubes were 
then inoculated, completely filled with sterile mineral 
salt solution B and sealed with flamed glass stoppers, 
taking care to exclude all air. The cultures were 
incubated at 88° without further additions to the 
medium. The mimeral salt solution B conteined per 
100 ml: K,HPO,, 0-50 gm.; KH,PO,, 0-39 gm. ; 
Nal, 0-050 gm.; MgS0O,.7H,0, 0-007 gm.; CaCl, 
6H,0, 0:007 gm.; CH,CH,COONa, 0:375 gm. The 
Protozos-containing autoclaved rumen fluid was 
prepared from the rumen contents of a hay-fed Clun 
Forest sheep by straining through two layers of muslin 
and autoclaving under 95 per cent nitrogen + 5 per 
cent carbon dioxide in sealed MoCartney bottles for 
20 min. at 10 Ib./sq. in. 

fhe Revie o Tion ee ee 
“coudatum) for inoculation were prepared from cultures 
ich 


dituted 48 hr. previously. Under these conditions the 
Protozoa formed a layer at the bottom of the tube, 
and the gress formed a scum on the surface. This 
surface soum was removed and then the residual 
See Ee ee a 
1 mm. on an angle-heed centrifuge, the pre 
washed twice on the centrifuge in 10 ml. of sterile 
mineral salt solution containing 0-03 per cent L-cys- 
teine and inoculated. The initial number of Protozoa 
was usually 3,000—20,000/ml. 

Rough viable counts on the number of bacteria 
present in the protozoal cultures were made by 
carrying out serial tenfold dilutions in ootton-plugged 
test-tubes containing 10-ml. quantities of the fe ollew ne 
medium: mineral salt solution! without the sodium 
acetate containing 0-5 per oent ‘Difco’ hee sshd 
0-5 per cent glucose, 0-5 per cent 
tryptose’, 0-35 per cont sodium lactate and 4-0 per 
oant Protosos-containmg autoclaved rumen fluid 
(centrifuged to ramove the solid matter), autoclaved 
at 10 Ib./eq. in. for 20 mm. The cultures were 
incubated aerobically at 88° until no further growth 
was observed (about 4 days) ; the addition of 0-05 per 
cent L-cysteine and incubation in anasrobe jars under 
95 per cent hydrogen -+ 5 per cent carbon dioxide 
(without catalyst) did not increase the number of 
viable bacteria found in penicillm-treated cultures. 

Under the cultural oonditions described the 
number of Protozoa increased for 3-7 days (Fig. 1), 
and the omision of the yeast extract or Protozoa- 
containing autoclaved ramen fiuid reduced or 


ml. and in the best experiments fivefold moreases 
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th 
icnally persisted for 16-17 daye. 
Fig. 1 shows that the number of viable bacteria 
peo protozoal culture containing 
was 1010, bu but in approximately 
number of bacteria 


throughout. This 
ts i atrait $6 the Teale conccied previously for 


of viable bacteria was 107/ml. (as determined by the 
above viable count method); it shows that the 
number of viable bacteria could be reduced to 1 per 
cent or leas. Nevertheless, since the Protozoa were 
not broken before the viable counts were carried out, 
it is possible that, in experiment 4 (Fig. 1) at least, 
the Protozoa, contained many bacteria, It seams 
Pe ee poomi ee oo P 
cillin inhibited th 


bacteria, the resulta may be taken to indicate that 
the numbers of same of the more eesily grown 
bacteria oan be markedly reduced without affecting 


Further experiments are in 
in an to reduce the numbers of 
viable bacteria lower levels and to obtain 


An effect of fresh rumen finid on the Protozoa 
was shown in the following experiment. A protozoal 
culture which was declining in numbers was diluted 
with an equal volume of fresh complete medium and 
divided between two tubes. One drop of fresh rumen. 
fluid!, fram which the Protozoa had been removed, 
was added to one tube; growth of the Protozoa was 
resumed in that tube but not in the other. In the 
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presence of the fresh rumen fluid the Protozoa 
divided once or twice in three days without any daily 
additions, whereas in its absence the numbers 
declined by 50 per cent in three days 
I wish to thank Miss J. M. How for technical 
assistance. 
G. 8. Corman 
Biochemistry Department, 
Agricultural Research Council 
Institute of Animal Physiology, 
Babraham, 
Cambridge. 
1 Coleman, G. S., Nature, 188, 1104 (1058). 
* Coleman, G. B., J. Gen. Microbiol, $2, 555 (1900). 


Protandry and Self-Fertilization in the 
Calyptraeidae 


Oxron' suggested that protandrous animals might 
be self-fertilizmg and that this would be advantageous 
for the spread of a species. He concluded that 
Orepidula fornioata was self-fertilixing because he 
found an isolated female guarding veliger larvey. 
I have kept single Orepidula in and they have 
laid fertilized spawn two ray econ later. 
Chipperfield* found no unfertilized eggs but he exam- 
ined only unbroken chains from a densely pop ulated 

i? has recently said that tho typical 
Ghatsdaret dp-ocniiren Wise aise associa, 
tions and that copulation is effected with additional 
or veiting malea. In chinensis (L.) 
males and females begin to associate seven, months 
before spawn is laid‘. Females probably store foreign 
sperms for long periods. Evidence for self-fertilizatian, 
in Orepidula is therefore still lacking. 

Calypiraca chinensis is a protandrous hermaphro- 
dite and might be self-fertilixmg as sperms and ova 
are found together in the gonad. However, many 
functional females guard unfertilized eggs. These 
eggs are more orange than the normal l-8 cell 
embryos (stage 1) (ref. 4), lack a definite shape and 
fertilization membrane and-are very fragile. When 
kept in the laboratory in finger bowls of sea water, 
these eggs slowly disintegrated into masses of yellow 
globules whereas normal stage-1 embryos devel 
so far as the veliger stage. Unfertilized eft 
undisturbed beneath the parent on flaw dia not 
develop. 

. The percentage of unfertilized spawn varied in 
different years. There was an inverse relationship 
between association of males with females and the 
percentage of unfertilized spawn laid the followmg 
summer (Table 1). The total number of associated 
females was undoubtedly higher than that shown, 
especially in the winter of 1953-54. The period of 
association was sometimes as short as overnight in 
laboratory experiments altho many associations 
last for several months in the ratory and in the 
Yealm Estuary. ‘I never saw oopulatian, nor can I 
find an account of it. The possibility of small 
numbers of self-fertilizing animals is not excluded. 
Tablo 1 shows the percentage of famalea guarding 
unfertilized eggs. Females were found which guarded 
both embryos and unfertilized eggs, even in the same 
capsule. These were classed as fertile spawn even 
when only one embryo was found. The total number 
of unfertilized eggs is therefore greater than Table 


1 suggesta. 
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Table 1. 


ACOAOE Y Odiypiraag oumensie AND- BUPERQUERI 
T UATI Baos IK THE YLL Hervsaxy 














C. chinensis has no free-swimming veliger larva and 
the hatched animals do not move far. Hach male 
seeks a female and, after association with her, departs 
to find a smooth surface for his own permanent 
settlement and change of sex. The surface may bea 
stone, shell or glass ; the only rough surface on which 
T have found an animal was the ribbed outer shell of 
Cardium edule. The number of suitable surfaces is 
limited and the stone already occupied by a female 
roust be. suitable for a male after association. The 
number of stones with two or more animals might be 
greater than that expected by chance. Gregarious- 
ness would increase the chance of association and the 
number of fertile spawnings. : 

Three samples collected in July, August and 
September before the main period of association were 
examined. The numbers of animals on each stone 
(Table 2) showed no evidence of gregariousness when 
compared with the expected Poisson distribution. 

okinensis FOUND ON STONES OF 
RALE Bsruary 


Tablo 2. NUMBERS OF 
THE 





females tmon 

KOES RRDA 

* Calypirasa chinensts in the Yealm Estuary s was 
neither self-fertilixing nor gregarious. It is doubtful 
whether the protandrous Calyptraceidas are self- 
fertilizmg, and if some animals are, the number of 
embryos so produced. 1s probably small. 


H. V. WYATT 


Department of Bacteriology, 
The Medioal School, 
Leeds, 2. 
1 Orton, J. H., Nature, 169, 270 (1082). 
1 Chipperfield, P. N. J., J. Mar. Biol. Asoo. U.X., 30, 40 (1051). 


> , J. B., Bull. Biol., 109, 853 (1955); J. . Biol., % 
we BO). (1955) Bap 36, 
“Wyatt, H. V., Ann, Mag. Nat, Hist. (m the press). 


Suppression of Cytoplasmic Division in 
Amoeba proteus 


CyrorLasmro division in Amoeba proteus can be 
suppressed by the application of strong light during 
the division process’. The same can be achieved as 
folows. Division is allowed to proceed undisturbed. 
until nuclear division is complete. When the cell 
becomes elongated and the division furrow appears, 
alight pressure with a glaas needle is applied for short 
intervals alternately on each one of them, thus 
shifting parte of the hquid endopleam back and forth 
from one daughter cell into the other, 
After about 7-10 min. of such treatment, without 
having completed the cleavage the cell resumed ita 
normal interphase eppearance. The surface, which 
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had been covered with blebs, becomes smooth, 
ia are formed, and the cleavage furrow 
i Preasure applied for the same 


no oytoplaamio division occurs before the next full 
cell division about 20-28 hr. later. 

The observation that the prevention of cytoplasmic 
division by preasure applied for a minimum time of 
7-10 min. is sufficient to postpone it for one full cellu- 
lar that the completion of chromosome 
duplication has itself a reversing infiuence upon the 
factors involved in oytoplaamic division. The 


of both nuclear and cytoplasmic division were con- 
trolled by the ratio between utilization and produc- 
tion of chemically bound energy*“, the increased rate 
of energy-utilixzng macromolecular synthesis after 
mitogis** could be the mechanism for this reversal. 


* Epwuunp Gurrss 
Sornrs Gurras 


Department of Biology, 
Brown. University 


Providence 12, 
Rhode Island. 


+- Prw D. and Bynthetlo Procnsses Growth”, 
i by Hadala, D- 80 ae Uivesnity Pres, 1987), 
Pie Bose Acta, 28, 462 (1058). 


Albinism in an American Population of the 
Shore Crab, Carcinus maenas (L.) 


THH common shore or green crab, Carctnus maenas 
(L.), is a widely distributed tor in inshore areas 
on both sides of the Atlantio. The ecological import- 
ance of the green orab, ite status as a predator on 
commercial shellfish, and its extensive use in labora- 
tory studies warrant a preliminary report on a recently 
noted abnormality found in a population of this 
species near Woods Hole, Massachusetts 

Two female Carcinus masnas with abnormal 
coloration were discovered by me in the summer of 
1958 at Menemsha, Creek, Martha’s Vineyard Island, 
Massachusetts. In one specimen the right cheliped 
was entirely lacking pigment, appearmg chalky 
white. The second en was similarly affected 
in all segments of a walking leg. The crabe, which 
had mated prior to capture, were isolated in 
sea, water at the Massachusettes State Lobster 
Hatchery and Research Station, and in November of 
1958 they both became ovigerous. The white-clawed 
individual lost all her eggs during confinement ; 
but the last of these were well developed by the 
time they became unattached. The second arab 
a re ae 
Durmg March 20-80, 1959, slightly more than 700 
eggs hatched from this famale, 15 of them yielding 
larve totally lacking pigment except for the eyes. 


pletely transparent 
their siblings. Had they 
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would have become totally white adults. Relatively 
amall amounts of white such as present on tho parent 
crab would have been indistingui le in the larval 
stages, and thus it is poasible that same of the ‘normal’ 
larve also would have exhibited some albiniam had 
they attained the adult form. 

An attempt was made to rear all the larvm but 
Artemia nauplii provided as food were apparently 
too large for the larvæ to utilize and other foods were 
not available at the time. Withm 23 days of 
initial hatching all larvæ had died from starvation or 
other adverse cultural conditions, but there was no 
apparent tendency for albino larvæ to succumb more 
quickly than the others. 

Discovery of several additional albino adulta in the 
tidal creeks near the Lobster Hatchery some 10 milea 
from Menemsha indicated that the anomaly was not 
restricted to a single locality. Indeed, John Ropes 
of the Narragansett Marine Laboratory has since 
found partially albino green crabs in Rhode Island 
waters and even in Phm Island Sound, Massachusetia, 
north of Cape Cod. 

To determine the frequency of occurrence of this 
abnormality in a natural ion a trappi 
was undertaken during the summer months of 1905, 
near the Lobster Hatchery. The trape used were of 
l-in. chicken wire mesh, and very young orabe were 
not retained. The resulta, therefore, are based only 
on adults and large juveniles. Prior to May 36, 1958, 
a total of 5 albmo orabe had been captured in Martha’s 
Vi waters. Between May 26 and July 31, 
1958, a total of 1,595 green crabs was trapped of 
which 45, or 2-9 per cant, were partial albinos. The 


plates. At least two specimens were irregularly 
mottled on the carapace and other portions of the 
body. Specimens which moulted im captivity 
showed the same degree of albiniam after moulting 
as before. There was no indication that the abnormal 
coloration was tha result of injury or regenera- 
tion. 

The incidence of 8 per cent reported bere for an 
adult population may be lower than the frequency 
for the population as a whole, for trapped animals 
often had one or more appendages misaing which 
would tend to reduce apparent incidence. If selective 
predation tends to eliminate those individuals 
large white areas, the adult incidence is probably leas 
than in a juvenile population. 

- The wide variation in degree of albinism suggests 
more than one gene may be responsible for inheritance 
and/or exhibition of the character, but controlled 


At the time the data were collected I was employed 
by the U.8. Fish and Wildlife Service, Bureau of 
Commercial Fisheries, Milford, Connecticut. I wish 
to thank Dr. V. L. Loosanoff, director of the Milford 
Laboratory, for permission to undertake this 
study. . 


ANTHONY J. PROVENZANO, JUN. 


Marine Laboratory, 
1 Rickenbacker DF way, 
Miami 4! 
EE 
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Chordotonal Organs in Crustacea 
Tusex is a series of proprioceptor organs in the 


organs have been mentioned by Alexandrowiocz 
and Whitear! and by Alexandrowicz*; work on their 
physiology has been published by Burke’, Wiersma 
and Boettiger+ and by Wiersema’. An electron micro- 
soope study of these organs in Carctnus maenas has 
now shown that they are chordotonal organs; the 
distal processes of the sensory cells are associated with 
acolopeles. 









segment ail "& 


“We 


SZ 


the 


_ In the organ 


sual gore theses are dissimilar in their fine 


diagrammatically in Fig. 1. All the parts shown are 
embedded im the connective tissue of the strand; the 
nerve cell bodies may lie within the strand, or 
alongside it. Proximally, the distal processes of the 
sensory cells are wrapped in sheath cells which separ- 
ate them from the connective tissue of the strand. 
become associated 


the oel membranes of the two sensory ocells are in 
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apposition, separated only by a 200-300 A. gap. The 
two processes then enter the base of the scolopale, 
and become separated again by an intrusive projection 
of the seolopale cell. The soolopale itself is an intra- 
cellular organ consisting of an agglomeration of fibrous 
material which is markedly electron 

sooclopale cell encloses a space, 2-5. across, which is 
presumably filled with fluid durmg lrfe. 

soolopale, the distal processes of the sensory cella 
narrow, and at first le against the wall. They then 
change their structure and pass across the scolopale 
cavity to enter a tube, the lumen of which is oon- 
tinuous with the scolopale space. This tube, which 
corresponds to the ‘terminal bundle’ or ‘terminal 
fibre’ of classical descriptions of scolopidia, is an 
extracellular organ, presumably formed by a pair of 
calls whioh He oni eidiee side oF Ri The walls of the 
tube consist of an amorphous substance which is 
vacuolated at intervals. The tube continues distally 
some way beyond the ends of the distal processes of 
the sensory cella, but eventually ends within the 
connective tissues strand; it does not reach so far 


as the exoskeleton. 

As the distal i eh aged Drags, Vahey 
and enter the scolopale, cantains an avial 
flament, ee ee 0-5. in diameter, 
tapering at the ends. It has transverse striations 
with a total interval of about 800 A. Distally the 
axial filament ends where the sensory cell process 
leaves the wall of the soolopale; mitochondria 
occur in the cytoplaam of the cell process up to thie 
point, but not beyond it. One ofthe two dientaias 
sensory cell processes (that on the left in the diagram) 
as it passes into the lumen of the soolopale acquires a 
fine structure somewhat like that of a cilium, with 
peg re pearson Ee there are, however, 

central microfilaments. This part of the sensory 
ell esas. the oiliary segmeni, ie about 0-3n in 
diameter. Before leaving the scolopale, the distal 
process thickens and loses the ciliary structure ; 
instead of nine peripheral filaments it contains 
numerous microtubules, eech about 200 A. across. 
This part of a sensory ocell process may be called the 


up wrapped 

by a ridge of the acolopale. At its distal end this 
axial filament becomes incised and vacuolated, so 
that in transverse section its extreme tip appears as 
buttreases. The ciliary 


ately beyond the tip of the axial filament. 
crosses the lumen of the soolopale, the cell process 
has the structure of a terminal segment, with miero- 
tubules. 

Fig. 2 is an eleotronmicrograph of a transverse section 
of a heterodynal soolopale showing the ciliary segment 
SE ie coll oem Gad Win sie ep ae ie a 
filament of the other. 

Both terminal segments run for a certam distance 
into the tube. Near their ends they beoome sur- 
rounded by an ill-defined substance which in Fig. 1 is 
referred to as ‘glue’, in consequence of ite supposed 

fastening i 


tube. generally 

slightly farther than the other, but they both end 
within the ‘glue’; more distally the tube appears 
empty. i 
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Clery Segre 
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All the soolopidia, sean im the propodite-dactylo- 
podite chordotonal organ have been heterodynal. 
Aocoording to Wiersma and Boettigert, the distal 
cells are ‘position’ and the proximal cells ‘movement’ 
receptors ; no morphological differences between the 
soolopidia in the two positions have been detected, 
gxoept in the size of the oell bodies. 

There are two chordotonal associated with 
the ite jomt; OP 1 does not 
caross the joint, OP 2 does. ‘All the soolopidia seen in 
OP 1 have been wherever situated. In 
OP 2, on the other hand, all the scolopidia seen 
have had associated with them only one sensory cell ; 
it ia proposed to refer to scolopidia of this type as 
monodynal. In all the cases seen, the distal process 
haa been of the type with a ciliary segment. Apart 
from the lack of a second cell process, the structure 
of a monodynal soolopidium is as described above. 

The organs in the meropodite have not yet been 
investigated with the electron microscope. The organ 
of the coxo-basipodite joint, OB, has scolopidia with 
egies distal processes, which are similar to one 

Dine Gf the type with a cilliany Berent. 

Fellowing n, such soolopidia are tagnar 

Their structure otharwise resembles that of the 
soolopidia. 

Many of the structures described in these crustacean 
soolopidia, for example, the scolopale, axial filament 
and ciliary segment, may be compared directly 
with those in the soolopidia of the auditory 
ce of Loousta migratoria, recently described by 

y’. 

Any discussion of the funotions of the types of 
soolopidia described above is speculative. So far as 
EO E coe gic ean! Seidl 

dite organs are concerned, it would not be inconsistent 
with the results of Wierama and Boettiger‘ and of 
Wiersma’ to suppose that, in the soolo- 
_ Pidia, one sensory cell to stretching of the 
terminal segment, and the other to its slackening. 
The ion of the two distal , proximal 
to the scolopale, suggests that are capable of 
interacting in some way, perhaps of modifying one 
another’s responses. The presence of m 
soolopidia in OP 2 would be consistent with Wierama’s 
report that the response of this organ is commonly 
$o movement in one direction only. There are no 
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published results on the responses of the coxo- 
basipodite organ, so that nothing oan be said about 
the functions of isodynal scolopidia ; it should be 
noted, however, that this is the only chardotonal organ. 
of the series investigated which is not attached to a 
muscle tendon. 

Various anomalies have bean seen, particularly 
in the structure of non-ciliary processes of the 
heterodynal soolopidia, for which no explanation can 
be given as yet. The receptor organs at the bases of 
the legs of decapods, described by Alexandrowicz 
and Whitear! and by Alexandrowicsz', are also being 
investigated by electron microscopy. It need only 
be mentioned at present that the muscular receptor 
organ and the innervated elastic strands are not 
chordotonal organs, and show none of the elaborations 
of structure described here. 


Mary Wurman 


Department of Zoology, 
University College, London. 
1 Alexandrowiex, J. 8., and Whitear, ML, J. Mør. Biol, Assoc, U.K., 
34, 003 (1987). 
3 Alexandrowles, J. 8., J. Mer. Biol, Assoc. U.K., 37, 379 (1058). 


‘Whena, 0. A. G., and Boettiger, E. G., J. Bap. Biol., 36, 108 
* Wiersma, O. A. G., J. Mar. Biol, Assoc. U.K., 38, 143 (1059). 


Effects of Light and Darkness on the Rhythm 
of Output of Carbon Dioxide of Excised 
Bryophyllum Leaves 


Ir has been shown by Wilkins’ that if excised) 
leaves of the succulent plant B. fedtschenkot are 
maintained in darkness, at a constant temperature 
of 26° C. and in an air-stream initially free of carbon 
dioxide they exhibit a 22-4-br. rhythm in their rate 
of output of carbon dioxide. Furthermore, it was 
found that continuous illumination inhibited the 
rhythm, which recommenced when darkness was 
restored. A more detailed investigation of the light 
mhibition of the rhythm has been made by illuminat- 
ing leaves for a few hours at various positions in the 
oyole. 

If leaves are illuminated for 3 (Fig. LA) or 6 hr. at 
an intensity of 8,000 lux between the peaks the phase 
is reset so that the first post-treatment peak oocurs 
ape? 19 hr. after the end of the treatment. 

of phase shift is therefore determined not 
hey the duration of the treatment but by the time at 
which it terminates. Illuminstion for 1hr., even at 
an intensity as high as 20,000 lux, has little or no 
effect upon the phase. On the other hand, up to 
6 hr. iltomimation at an intensity of 3,000 lux applied 
at the crest of a peak did not reset the (Pig. 1B). 
Thus, the phase of a rhythm isting in leaves in 
darkness varies in its sensitivity to a 3-hr. light treet- 
ment; it is reset by a treatment applied between, 
but not at the crests of, the peaks. 

Over the range 8-3,000 lax, the intensity of illuamin- 
ation during a 6-br. light treatment applied between, 
the peaks has no effect on the efficiency with which 
that treatment resets the phase; the phase delay is 
determined by the time at which darkness is restored. 
At an intensity of 3 lux, however, the phase delay is 
equal to the duration of the treatment. 
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Wave-lengths of light greater than 565 my are re- 
sponsible for inducing a phase shift. A 6-hr. red light 
treatment at an intensity of 850 ergs/am.*/sec. apphed 
between the peaks roseta the phase m a manner similar 
to a 3,000-lux white light treatment, whereas 6-br. 
illumination, with blue light (below 525 my) at an in- 
emai of 10,860 ergs/om.*/seo. has no effect upon. the 
phase. | Moreover, continuous red light popie in- 

ite the rhythm, which recommences in blue light. 

Clearly, whether or not a light treatment resets the 
phase of the rhythm on its wave-length, 
duration and intensity, and the time in the oycle at 
whioh it is administered. 

It was previously observed that oontinuous 
illumination strongly inhibits the rhythm; but 
experiments carried out to determine the effect of 
changing the intensity of light to which leaves were 

revealed that a rhythm is initiated in ilumin- 
ated leaves if the intensity is reduced, either suddenly 
or gradually, by ab least 80 per cent. The effect of 
a given, intensity on the rhythm depends, therefore, 
on the intensity by which it is immediately pre- 
ceded. For example, exposing leaves to an intensity 
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of 500 lux inhibits a rhythm which was previously 

isting in darkness (Fig. 24), but initiates a rhythm 
in leaves which had previously been exposed to the 
higher intensity of 2,500 lux (Fig. 28). A rhythm 
induced in this way in illuminated leaves will ist 
so long as a rhythm in darkened leaves and ‘its phase 
is determined by the time at which the intensity is 
reduced. Over the range 0-500 lux, the period is 
unaffected by the intensity of white light to which 
‘the leaves are exposed. 

Further iments were carried out to determine 
whether or not the phase of a rhythm persisting in 
illuminated leaves was reset by interrupting the 
Ulumination with a few hours darkness and, if this 
was so, whether it was equally responsive to & short 
dark treatment applied at different positions im the 
cycle. A rhythm was initiated by illuminating leaves ` 
at an intensity of 8,000 lux for 13 hr. and then reduc- 





, but initiates a 
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ing the intensity to 100 lux (broken curves in Figs. 
20 and 2D). The phase is reset by darkening leaves 
for 8 (Fig. 20), 6 or 9 br. at the crest of a peak. The 
amount of phase shift is determined by the duration 
of the treatment, increasing to a maximum with 
9-hr. darkness. On the other hand, the phase is 
unaffected by darkening leaves for 3 (Fig. 2D) 
or 6 hr. between the . The phase of a rhythm 
in illuminated leaves varies in its sensitivity 
to a 3-hr. dark treatment, being reset by a treatment 
applied at the crests of, but not between, the 
This variation is in the opposite sense to that of the 
phase of a rhythm in darkened leaves to a 8-hr. light 
treatment 


The phase of a rhythm in illummated leaves is, 
however, reset when the light is permanently extin- 
guished at a point between, or at the cresta of, the 

Thus, while 6-hr. darkness applied between 
the peaks does not affoct the phase, continuous dark- 
næs commencing at a similar time induces a phase 
shift. 


The effects of hght and darkness on the rhythm 


induce maximum phage shift in a rhythm persisting 
in darkness is lees than. 3 hr., whereas more than 6-hr. 
darkness is ired to induce maximum phase shift 
in leaves having a rhythm in light. 

In general, the reactions of the endogenous rhythm 
in Bryophylum to changes in conditions of iluminas- 
tion closely resemble those of the rhythm of lumines- 

i lax polyedra 


' S.E.24. March 21. 


Wilkins, W. B., PhD. thesis, University of London (1058). 
* Wilkins, M. B., J. Bop. Bot. 10, 377 (1050). 
* Hastings, J. W., and Bweensy, B. M., Biel, Bull, 118, 440 (1958). 


ENTOMOLOGY 


Recognition of u paron: Mosquitoes 
without Dissection 


Durina the age-grading of female mosquitoes it 


to determine whether these and #wo other external 
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characters could be used with confidence to distin- 


the use of these characters can enable 


suggested as & means of age-group by Perry’. 
This character can be valuable if ita use is restricted 
to recognizing only those females so fresh as to be 

. Onoe the minimum amount 
OF Brome Reni en, with tie Gent Oy poms Dna Doan 


i 8/938 
(0-9 per cent) of M. (0.) metallica and 1/946 (0-1 per 
aly Seas (C.) fraseri were ; whereas among 

those classified as ‘doubtful’ 97/225 (48:1 per cent) 
and 60/148 (42-0 per cant) were parous, respectively. 
It has been found, moreover, that by adopting a 
slightly more severe criterion of minimum wear and 


achieving & i the species con- 
cerned, errors oan be reduced still 

In these samples the number of 

ccc es cies Bae os 


species. 
best guide in ansonta (Coqwillstiidia), 
wing fray is more reliable in Mansonta (Mansonioidas) 
africana Theo., M. (M.) uniformis Theo. and Addss. 
Parasitic mites. Gillett? suggested that hydrachnid 
mites could be used to age-grade err eE 
mosquitoes. Subsequent determine 
their reliability by dissection," have a shown that, 
Me e E A S a 


oocagionally occur on parous oneg 
also. ioi migena Ae ood ee a 
though in gome species more than 30 per cent of parous 
mosquitoes may carry mites, in nearly every case the 
jabs ake either doad me eles niot hydranhaida, Female 
mosquitoes which beer living hydrachnids are almost 
always nulliparous (Table 1). It is considered likely 
Shad tho few axsepbicas Tobordod in Table 1 wae :dap 
to initial failure to recognize those mites which were 
dead. In M. (0.) fuscopennata Theo., for example, 
hydrachnid mites die on at least 5 per cent of infested 
females before their first oviposition, and thereafter 


Table 1. Dermerarion OF aa WITH Livore HYDRACEWID 
TIIE 
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mites dying on ‘the host varies socording to the 
species of mite.anil m ito, but has so far proved 
to be highest in M. (O.) fuscopennata. Such charac- 
ters as shape, pettern, colour, site of attachment and 
sasociated scars indicate the kind of mite, whereas its 
shape and colour can show whether it is alive or dead. 
If these reservations are observed, hydrachnid mites 
can provide a valuable means of recognizing nulh- 


parous mosquitoes. 

Colowr of integument. In M. (0.) pesudoconopas 
, Theo. the colour of the thoracic pleura changes 
during adult life from apple-green, to brownish yellow. 
If three progressive colour grades are recognized, it 
is found that all females in the first are nulliparous. 
` The proportion of parous individuals encountered 
in each colour grade durig : green 
0/606 (0 per cent); pale green 10/564 (1-8 per cent) ; 
and yellow 84/128 (27-6 per cent). Only about 
"20 per cent of parous females remain in the second 
colour grade after having laid eggs once. It has bean 
found that most nullipars in the second grade can be 
recognized on abdominal wear, and that this often 
leaves only about 10 per cent of a sample to be dis- 
sected. In this species the existence of a colour 
sequence enables non-hydrachnid mites to be used 
i tla onan Sopa agin ino oe e aos 
at the of each gonotrophio cycle but 

‘at the end of it. Thus their size can often 
certain an otherwise doubtful diagnosis. About 
_86 per’ cent of M. (0.) pseudoconopas, nulliparous and 
parous, bear this kmd of mite. Colour 
similar to, though leas obvious than, those found in 
M. (0.) pseudoconopas oocur in other mosqurtoes. 
In some (for example, Anopheles (anopheen) implens 
Theo., M. (0.) maculipennis Theo. and Oules (Luisma) 
iigripes Grp. and C.) the change takes longer and is 


not completed before the first ovi ion, bat-i 
others (for exemple, M. a mennen A . (0.) 
pennata, M. (C.) aurites Theo. gp, M (03 
and O oilan anakarta Than.) Enies vith ea 


areason thorax or abdomen are invariably nulliparous. 
In M. (0.) meialica up to 26 per cent of nullipars 
can be recognized in this way: 

Presence of meconsum. In y nullipars of 
certain species with s e ads integument 
(for example, Ooqutilletiidia spp.) the meconmm is 
clearly visible in abdominal segments 4 and 5. In 
telee Meee osquitoes, up to 34 per cent of 
part penne ee ee 

VY PESA If nulliparous females have to be 
dissected, they can often be classified quickly on two 
other characters. The first ıs the degree of resilience 
of the abdomen, which can differ markedly in mulli- 
parous and perous individuals. The second is the 
presence of 16-80 discrete disks of fat in the abdominal 
cavity, as found in Toxorhynchess, Coquillettidia and 

Eretmapodites. Those disks disintegrate during the 
first hio cycle, and in Coqwlletidia usually 
before the first blood meal. 

It is intended to publish a full acoount of this work 


Parr 8. CORBET 


East African Virus Research Institute, 
Entebbe, Uganda. 


1 Perry, R. L., Paludism, §, 82 (1912). 
* llett, J. D., dan. Trop. Med. Perasit.. §1, 151 (1057). 
* Detinova, T. 8., WHO Course in Advanced Hntomologieal Tech- 
(London, 1059) (Roneotyped). 
1 Corbet, P, B., Trans. Roy. Soe. Trop. Mad. Hyg., 63, 297 (1959). 
* Wharton, R. H., Watwré, 184, 880 (1959). 
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Ovarioles as a Meristic Character in 
Coleoptera 

Inswor ovaries are bilateral structures (exoept in 
certain aphids) which contain 1-3,000 egg tubes or 
ovaricles. In Coleoptera, the ovarioles are polytro- 
phic and acrotrophic in the sub-ordera Adephaga e 
Polyphaga, respectively (see, however, Bonhag?). - 
ike erei aaiae CE ke oie a he et 
particularly studied, and because of the possible 
importance of the ovariole number as an aid to’ 
systematios, a study was undertaken. 

The ovaries were removed by vivisection, placed on 
depression slides containing 0-8 per oent saline, and 
examined with a dissecting microscope. A list of the 
ovariole numbers in some families, arranged in the 
order of Leng*, is given in Table 1. 


Table 1. OYARIOLE NUMBERS (ONE Ovary) OF COLEOFTHRA* 
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of work on 45 famılws or 287 species, 106 of 
which by me. 


‘ve bean 


A wide range of 1-200 ovarioles occurs within the 
Coleoptera. There ia, however, relatively little intra- 
familial variation in ovarioles (usual number in 

eses) in the Staphylinidae (5), Cucujidae (8), 
Scarabeidae (6), Curculionidae and Socolytidae (2). 
While similar values ooour in other families they are 
part of an extensive interspecific range in ovariole 
number. Thus the Silphidae, Lampyridae, Elateridae, 
and Tenebrionidae, which average close to 20 ovar- 
ioles, contain large interspecific differences (2-52). 
The highest values are found in the Meloidae and 
ident hae which have 86 and 80 ‘respectively. 

dae show a narrow range (27—38), but 
in the Meloidae it is very great (12-200). Prominent 
differences can often be observed between sub- 
families and between tribes. The Coccinellidae and 
Cocainellmsae and Epilachninae average 16 and 27, 
respectively ; within Coccinellinae, the Hyperaspini, 
Scymnini, Psylioborini and Coocinellini have values 
of 7, 6, 18 and 21, im that order. 

While many species contain a constant number of 
ovarioles just as many show an intraspecific variation. - 
For example, Harpalus pennsyleanious DeG. and 
Ohault. Gonajioaninns © ‘DeG. have means 
of 10 41-8 and 47 + 11:9, res i Where 
species were sampled fram two localities different 
values were obtained. Thus C. leanious from. 
Penn Park, Pa., have 34 + 15-5 ovarioles, whereas 
47+11-9 obtain at Ottawa, Ontario. Within imdivid- 
uals a difference in overiole number between left and 
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disturbance of embryonic procemes that: precede 
ovariole development”. ‘ 

A detailed report on the numbers of ovarioles and 
their structure is being prepared for publication. I 
am indebted to Mr. W. J. Brown of this Institute for 
identification of species and asaistance with problema 
of synonymy. z 

J. G. ROBERTSON 


Entomology Research Institute, 
Canada ent of Agriculture, 
The K. W. Neatby Building, 
Ottawa, 
Ontario. : 
1 Bonhag, P. F., “Ann. Rev. Mntomol”, 3, 137, 148 (1058). 


"Leng, O. W., “Oatalogus of ths Coleoptera of North America, North 
Maxtoo” (Cosmos Prem, 1020). 


t Robertaon, F. W., J. Genet, 58, 410 (1957). 


Nutritive Values of Carbohydrates for the 
Silkworm, Bombyx mor! 


NUTRITIONAL .requirements for carbohydrates in 
insects have been widely studied!, but not enough in 
the leaf-eating forms. This is mainly due to the fact 
that there are diffloulties which must be solved before 
‘the determination of their nutritional requirements, 
namely, in devising a suitable test diet. In the 
silkworm, Bombyx mori, the nutritive value of the 
fhulberry leaves has hitherto bean discussed on the 
basia of the analytical data of leaf components as 
well as of the rearing experiments of larvw. Though 
many efforts have been made to formulate a chemi- 
cally defined diet for this insect, no suitable one has 
80 far been made available. I have recently tried to 
determine the nutritive values of carbohydrates for 
es silkworm by means of oral administration of 

em. 

Newly moulted, unfed fifth instar larvæ were used. 
All were supplied in the form of either a 
solution or & suspension and no leaf was offered to 
the larva’, A h io needle mounted on a 
syringe was i from the mouth opening into the 
gut lumen and a known volume of such a solution 
(10 per cent, w/v) was administered once a day. The 
larve were kept at room temperature and weighed 
every day until death. Ten larve were used for ane 
substance in each experiment. Data on survival 
testa have been calculated as the number of days 
that the larve remained alive, m other words, days 
to 100 per cent m ity. The mean was obtained 
by dividing the summation of days for each larva in 
one group by ten, as summarized in Table 1. : 

Any carbohydrate which inoreases survival be- 
yond that of the control larve lied with water 
alone can be assumed to be nutritive value. 
Control larve usually survived for three days or a 
little longer and died somewhat sooner than those 
starved. 

Among four pentoses tested, only xylose is utilized 
and arabinose and rhamnose are of little or no value. 
Ribose is slightly better than those two. Of the 
hexoses, glucose, fructose and mannose are good ; 
galactose is of moderate value, while sorbose is 
exceptionally bad. The disaccharides are uniformly 
good. ee trisaccharides raffmose i 
are well utilized. Both glycosides tested are scarcely 
utilized. Among aloohols, sorbitol and mannitol 
ere utilized, but moeitol is intermediate, and dulcitol 
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Table 1., 


SURVIVAL OF BILIWOIM LAEVA ADMINISTERED WITH 
VARIOUS CARBOHYDRATES 




















3-3 3:3 a1 
2:2 2-9 40 
40 44 5-5 
59 7-8 9-8 
6-1 56 77 
Bl 5-5 5-7 
333 3-0 3-4 
6:8 7'1 79 
69 7'8 TA 
6:8 7'1 8-2 
5-0 64 64 
5-3 T9- 84 
72 8-7 8-3 
69 63 82 
62 73 8-4 
75 7-8 77 
8-6 82 8-6 
35 32 43 
2-7 2:8 3-6 
— 5:3 62 
— — 8-3 
— 24 3-8 
62 8:3 O7 . 
— 60 94 
— — b4 
3-1 28 34 
31 B 44 











is of no value. Dextrin is also good and much better 
than starch. 

The resule on the increase in body-weight also 
supported that on survival testa; carbohydrates 
increasing the length of life resulted in an increase in 
body-weight, while those not increasing survival were 
generally of no effect on the weight or rather often 
inhibitory. Thus, it is of interest that the nutritional 
requirements for carbohydrates by the silkworm are 
in good agreement with those of many other insecta 
in many ways, even though there are great differences 
between insect species in the survival value of certain. 
compounds. 

Preferences for sugars have also been studied with 
this insect’, and it is concluded that there is no 
correspondence between the nutritive value of various 
sugars and preference for them. Sugars which are 
preferred most and are of high nutritive value are 
sucrose, fructose and raffinose. 

Tosno Iro 
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GENETICS 


Autogenous Necrosis in an Antirrhinum 
Species Hybrid 


Harrmasın plant tumours have been found im 
interspecific hybrids of Nicottana!.’, particularly in 
the hybrids of N. gauca x N. langsdorfii. Seldom, 
however, have they been found in any other plant 
material ; an inbred line of clover? and interspecific 
hybrids of Datura* being possible extensions of the 
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Autogenous necrosis, also an i 
oui EY pice aaar LE: PELAG Den heen 


here have many similarities with the variable produc- 
Hon epee poe ene ay ade an ee 
of the Antirrhinum material prevented further 
analysis. 

The necrosis in Antirrhinum orontum x A. 
meoononihum appears as excrudescent, corky spots on 


according origin 

parent planta (see Table 1 and Fig. 1). The hybrid 
was also found to be sterile, sh sl eer 
occurring st meiosis, and it could only be produced 
when the self-fartile oron#um ies was the female 
parent and the self-incompatible meonanthum the 
male’. 
within the genus, but only the orontium x meonan- 
thum hybrid has shown this abnormal pathological 
condition. 














lean rile N3, like ¥2, but centre of calyces 
Although n can be seen 
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plants within the Penscova line were tested, the 
associated, although not necessarily correlated, differ- 
ences in genetic constitution were sufficient to 
influence the expression of stem-lesions and necrosis 
in the hybrid. Hybrids involving the Coimbra 
meonanthum never showed any lesions or necrosis ; 
these hybrids, moreover, although stil sterile, 
were much more vigorous and germinated better than 


nuclear-genetic, perhaps similar to that of the wheat 
necrdeis*, rather than cytopleamic or of virus origin. 
Tetraploid crontium (Kew) showed a few alight stem- 
lesions but no necrotic spots. No necrosis or lesions 
were observed in any of the tetraploid meonanthum 
material. 3 


From Table 1 it oan be seen that the production of 
lesions and necrotio spotting varies iach ante 


Bee ee ne ea eee 
expression of associations of complementary gen 
variously carriéd in some populations that aki 
these hybrids, come together m unbalanced. genomes. 
Different . 


B. J. Harnos 


John Innes Horticultural Institution, , 
Bayfordbury, Hertford, i 


March 16. 
1? Kostoff, D 


the Genus Nicotiens” (fiate Printing 
House, Bofla, SEART YEN j : 
“Koir A I, and Sel, H. IL; Brookhaven Symp. Biol., No. 6, 88 


* Ilkau. V. O.. and Black, L. W, Amer. J. Bot., 80, 191 (1953). 


-Bania BaT Rappaport, J., and Biakesice, A. F., Amer. J. Bot., 87, 
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Frequency of Quadrivalents In Auto- 
tetraploid Plants 
Tas cytological examination of chromosomes at 
meiosis in autotetraploid plants is an important part 
of the study of chromosome behaviour. Cytological 
studies have varied in intensity from casual obeerva- 
tions at meiosis to meticulous analyses of all oon- 
figurations observable, including an estimate of the 


frequency of ent formation. It is a common 
belief that the number of ivalents formed is 
ed by: (1) the size of the chromosomes ; 
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Tabis 1. AssoclaTion OF CHROMOSOMES at Finest \iwrarnasm IN BOMB AUTOTHTRAPLOIDS 














Peroantage of 
Species No. af chromosomes 
ors a 
E i 
Planta with large abhromosomes 
48 783 
Likam, garden hybrid 58 } 62-9 
Avena RTO 28 57 1 
Aedia to- amall a a0 60 0 
Polunin kabida £3 657 
Ageretum hounomanim 40 63-0 
asculentum 48 533 
satimi 36 TLL 
Antirritauen us 32 814 
Kalanchoe alkana 68 mo 
66-0 
L 




















localized rather than random chiasmata; (4) an 
exoeas number of chromosomes, within a cell, which 
prevente the physical process of pairing; and (5) 
genetical control. Several of these factors have been 
discussed under different aspects, sometimes with a 
slight change in meaning. For example, the cause of 
low quadrivalent formation has bean related to the 
paucity of iri blocks’, the position of the 
centromeres in chromosomes, and chiasma inter- 
ference across the centromere’. 

We recently completed a study of meiosis in seven 
autotetraploid cereals and grasses in which we were 
not able to demonstrate major differences between 
fhe species in regard to the number of quadrivalentsa 
that were formed*. All strains or species had 45 = 38 
chromosomes and a mean of 4:8 quadrivalenta. That 
is, about two-thirds of the chromosomes were united 
as quadrivalenta. Similar proportions of chromo- 
somes were associated as i ta in auto- 
tetraploid flax (4v = 60) and corn (4% = 40). Both 
these species have amall chromosomes. A further 
test with a wider range of material was immediately 
suggested because our results obviously did not 
conform to current concepte of quadrivalent formation 
In autotetraploids. 

Meioais was studied in ten different autotetraploids, 
representing a wide range in plant types, chromosome 





number and size. The species (Table 1) have been 
arranged in decreasing order of nuclear size (see also 
Fig. 1). It is immediately evident that in planta with 
small chromosomes as many quadrivalents are formed 
28 in plants with large chromosomes. The results 
also our hypothesis that in all auto- 
tetraploids, approximately two-thirds of the chromo- 
somes form quadrivalente. 


Table 2. ASSOCIATION OF THE FOUR SMALL AXD THE SIX LARGE 
OHROMOSOIES OF Asparagus officinalis IN 25 Poulin MOTHER CELLS 








Several examples m plante’ and in animals‘ have 
been cited to show that within an organism the larger 
chromosomes form more quadrivalenta than the 
smaller. We found that in the tetraploid Asparagus 
the amall chromosomes formed as many quadrivalents 
as the large ones (Table 2). Our resulta for Asparagus 
do not nullify previous reporte. But when this 
evidence is considered in conjunction with the fact 
that m very small chromosomes of Kalanchoe—so 
small in fact that ohiasmata cannot be estimated— 
there is no restriction of quadrivalent formation, then 
Tb seams reasonable to suppose that size alone does 
not limit the formation of quadrivalents ; the shortest 
chromosomes are long enough to undergo the reactions 
necessary to produce quadrivalents. Because our 
resulte do not uphold the assumption that plants 
with small chromosomes have fewer quadrivalenta 
than plants with large chromosomes we therefore 
disagree with the conclusions of Kostoff* and see no 
reagon why autotetraploids with small chromosomes 
should be more suitable for plant breeding than those 
with large chromosomes. 

If only one chiasma is formed between two chromo- 
somes in a bivalent then, under our present concepts 
of chromosome behaviour, no quadrivalenta would be 
possible in a homologous set of four chromosomes. 
It follows that if a species had a low chiaama frequency 
per bivalent, fewer quadrivalents would be formed. 
To be of any value in clarifying the problem a chiasma 
count would have to be made at the actual time of 
union or crossing-over. With present-day techniques 
this is not feasible and the later stages, diakinesis or 
metaphase, are used. Chiama number of the 
diploid Lilium has been estimated at 8-5 per bivalent, 
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in Tritioum and Avena at 2-3, in Lyoopersioumn at 
1-2 and a similar low figure for other amall chromo- 
somes. It is quite impractical to estimate chiasma 
number for small chromosomes and counts given for 
some can, be viewed with considerable circumspection. 
We found a fairly uniform number of ivalents 
for all the species and so conclude that either the 
present-day estimates of chiaamata are out of line 
or else frequency bas no effect on the number of 
quadrivalenta formed. 

Localization is difficult to detect by cytological 
methods and is often assumed to be the rule in organ- 
iams when terminalization does not occur. It is 
undetectable in cytological preparations of small 
chromosomes and therefore our resulta do not add 
much evidence. If localization is a true phenomenon 
and not an artefact arising from our inabilrty to trace 
cbiasmate in cytological preparations, then, coupled 
with low frequency of the event, it would probably 
restrict quadrivalent formation. However, 
it holds only for special species and is not constant 
under all conditions, it should not be regarded as 
exercising major control over quadrivalent formation. 

The implication that physical interference could 
restrict quadrivalent formation ia a direct one relating 
comparative nuclear volume to the number of chromo- 
somes within that nucleus. The diameters of the 
nuclei at pachytene varied from 45 in Lilium to leas 
than Iðu for Lycoperstoum and Kalanchoe. The 
chromosome numbers ranged from 28 to 68. Yet, in 
none of the species studied was there any indication 
that crowding of ‘the chromosomes had restricted 
quadrivalent frequency. 

Some cytologista still support the theory that a 
trend towards ‘bivalency’ oocura in autotetraploids. 
We do not, because in advanced generations of many 
different induced sutotetraploids we did not find 
any reduction in ivalens . Further, 
in the natural autotetraploids Hordeum bulbosum, 
Hordeum violaceum, and Arrhenatherum elatius we 
found no evidence for an increase in the number of 
bivalente*. In this study of ten autotetraploids, 
representing different families and orders, approxi- 
mately ‘two-thirds of the chromosomes formed 
quadrivalenta, This does not deny the existence of 
a gene which could control quadrivalent frequency, 
but it does give some warning against the acceptance 
as autotetraploids of those plante with twice the 
expected number of chromosomes in which no 
quadrivalentsa are found, for example, in the sup- 
posedly olear-cut case of autopolyploidy, Galax 
apa‘. Our resulta, then, show no evidence of 
gene control over quadrivalent frequency and support 
the hypothesis that the behaviour is similar for all 
species. ` 


Genetics and Plant Breeding Research Institute, 
Research Branch, 
Canada Department of Agriculture, 
Ottawa. 
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Southern Atmospheric Cyclones and the 
Whale Feeding Grounds in the Antarctic 


Kyowiepae of the distribution of the stocks of 
commercial fishes and whales is of no less interest 
than knowledge of their numbers. N. A. Mackintosh! 

that “it may be that smoe Blue and Fin 
whales tend to concentrate in much the same regions 
in the Antarctic [where the Humpbacks concentrate 
—O. W. B.], they too, although they do not crowd 
into temperate coastal waters, are still loosely 
influenced. by the southern land-masses, and that it 
is subsidiary features of their distribution that ‘are 
controlled by their immediate environment” (p. 259). 
This communication gives a possible explanation of 
this “loose infiuence”. 

After their arrival in the Antarctic the whalebone 
whales start seeking their food (mainly krill, Buphaw- 
sta superba) at random. Nevertheless, m spite of 
their random movements, the whales are grouped in 
separate areas, approximately 20-60° long. from 
each other. areas correspond to the well- 
known whaling grounds situated one in each of the 
whaling sectors, outside the former sanctuary’. 
The uneven distribution of the whales is an obvious 
result of the uneven distribution of the krill (see 
maps). The krill itself is influenced by the atmo- 
spheric cyclones in a following way*. 

Due to atmospherio cyclones, the Antarctic Dive. 
genoe is not contimuous but is farmed of areas where 
the water rises very intensively in the centres of the 
cyclones and of areas where it sinks in their peri- 
pheries'. The longer the cyolane stays in a given 
place the more intensive upwelling it induces near ite 
centre. In the xone of the Antarctic Divergence in the 
centres of cyclones the upwelling is easily noticeable by 
the moreased area between the isotherms 1-5°O. and 


20 0 30 


i EN 
















È 





150 


120 











1. Kril and Antaretis (combined 
from Marr (ref. %), Tauber (ref. 10) and Sehmitt (ref. 12). with 
the A danao frank? EP, oycones of the nilan 
colones o. » oy 
polar front; TP, a poa front; AF, 
cyolones of the Antarctic front eee man of 
superbas not lees than 20 mm. on the oatohes of 1 m 
diameter stramin towed on the ene pea 


season, J! ebruary—March.,  », 
100-1,000; @. 1, 000-10,000 5 O, 10,000-100,000 


no. azae August 6, 1960 - 


“ 
sete el Se 
oan Wilco 








; Mmedimm 
otroles, 100); open humpbaoks (100). In t 
fhe saactna’ apea rae gA pi L a ee pa 


3-0° O. in the layer of maximal temperatures’. The 
barren upwelled ‘new water’ carries along the phyto- 
e@lankton cells to the peripheral region of the cyclone, 
thus forming a ‘olearmg’ in the diatom bloom. At 
the same time the upwelling-adds to the rise to the 
surface of the later Furotléa larve and young adoles- 
cent krill* which lives in ite earlier stages in tho 
intermediate warm water layer’. A similar distribu- 
tion pattern of phytoplankton and euphausiids 
(Buphausia paoifiea) oan be seen in the Monterey 
Bay (California) area’, where a canyon acts as a 
fountai from which the cold waters rise and 
then spread out to other regions of the Bay. Durmg 
the upwelled-water period there is a ‘aldaring’ in the 
bloom over the canyon and tremendous swarms of 
P. pacifica have been observed at the surface in 
broad day-light there, though normally this species 
is found near California coasts at depths of 100- 
400 m. *, in the intermediate water layer of sub-arctio 
origin’. (It must be remembered that the phyto- 
Pee CE Oa ae ive in the distri- 

ion of krill and whales, but the ‘clearmgs’ are very 
characteristic features of the local upwelling areas 
and thus worth mentioning.) 

In the eastern hemisphere the cyclones of the 
antarctic front have their maximal frequency betwoen 
0° and 70° i. Near the ooasta of Antarctica the 
cyclones of the polar front have their maxima at 
90-110° E., 140-170° E., and in the Ross See. The 
number of the cyclones diminishes eastward and is 
minimal in the southern Pacific!* (Fig. 1). 

- The krill is more abundant, and there are more blue 
and humpback whales in regions where the cyclones 
are more frequent and stay longer. The centres of 
these regions are situated at 85° E., 95° H., and 
175° W. The total amount of the krill and of the blue 
whales killed per annum (like the cyclones) diminish 
eastward and are minimal in the southern Pacific. 

In the mean the feeding of fin whales 
are situated more northerly those of the blue 
whales, and therefore the former feed mainly on 
larger older developmental stages of the krill which 
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are not so closely connected with the areas of the 
upwelling in the zone of the Antarctio Di as 
the small ‘blue whale krill’4, The fm whales are 
more uniformly distributed in antarotio waters than 
the blue and humpback whales are and are more 
loosely connected with the atmospheric cyclones. 
The cyclones of the polar front are formed im the 
sub-tropical zone in the regions of the hydrological 
fronts between the warm and oold currents to the east 
of the southern parte of Americe, Africa and Austre- 
lia. From theee regions they migrate to the south- 
east and enter the antarctic zone'+4, In consequence 
there are more polar-front cyclones where the con- 
tinenta lie mare closely to each other, that is, in the 
Atlantio and Indian sectors. The position of indi- 
de- 
termined not only by the local antarctic conditions but 


sphere. The cyclones of the polar front promote the 
spreading of the influence of sub-tropical land- 
masses in the antarctic zone. 


Institute of O hy, 
U.S.S.R. Academy of Raises 
Moscow. 
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PSYCHOLOGY 
Time Uncertainty and Choice Reaction 
me 


Tue duration of the foreperiod, that is, the interval 
between some warning signal and the stimulus, has 
long since been known aa one of the main factors 
which influence the length of simple reaction, time, 
Klemmer! has recently shown that reaction time is 
shorter with brief (0:25 sec.) constant forepericds 
than with either longer constant foreperiods or 
variable ones. He suggested that the critical factor 
is ‘time uncertainty’, that is, uncertainty as to the 
moment of occurrence of the stimulus. This uncer- 
tainty would result from the length of the foreperiod 
as well as from its objective variability, due to the 
inaccuracy of internal time estimation processes. 
Speed of reaction clearly depends on the possibility 
for some transitory state of preparation to be reached 
at the right time. 

In the case of simple reactions, the only limit to 

comes from time uncertainty. In the case of 
ioe reactions, there is also uncertainty as to the 
nature of the stimulus to come and .consequently of 
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the response to be given. Woe were interested to 
know whether the usual effects of time uncertainty 
can then still be observed. An answer to this question 
could throw some additional light on the nature of 
‘preparation’, by telling whether it is a completely 
selective process, linked to a particular stimulus- 
response pair. If preparation is completely selective, 
it is of no use to be able to anticipate the moment of 
occurrence of the signal if one does not know which 
rt shall be. Then choice reaction time, provided the 
series of signals is non-redundant, must be inde- 
pendent of foreperiod variability. If ib 1s not, some 
degree of non-speciflo preparation must be possible. 

The exploratory experiment to be reported oon- 
sisted of measuring both simple and choice reaction, 
time under conditions (a) of constant short: fore- 
periods of 0-50 seo., (b) of variable foreperiods, 8 
intervals ranging by roughly equal stepe from 0-25 
to 6-50 seo. appearing in random order with equal 
frequencies. A neon bulb provided the warning 
mgnal. On every trial, it was lighted for 2-5 sec. 
The foreperiod started when it went off. The stimulus 
itself was provided by a cold cathode indicator tube, 
with figure-shaped coils (a ‘Nixie’ tube, manufactured 
by the Burrough OCorp.). For the choice reactions, 
the stimuli were & 4 or a 3, and two relays served as 
response keys, which the subjecta preased with both 


index fingers. For the simple reactions, the stimulus ` 


was a 8 and the subject responded with the right 
index. 5 per cent of catch-testa were interspersed, to 
discourage premature reactions. The duration of the 
foreperiod was controlled by a capacitance-resistanoe 
circuit. Reaction times were measured to the nearest 
0-01 seo. with a ; 

Four subjects participated in 14 seasions—6 preo- 
tice and 8 experimental. One session consisted of 
200 trials. During the experimental sessions, the 
four conditions were alternated in balanced order, 
two conditions being given on each session. For each 
condition, we have thus 4 series of 100 measurements. 
The first 20.in each series were discarded. 

The average reaction times per subject and per 
condition are given in Table 1. The differences 
between rela means for constant and variable 
foreperiods were tested, using the s test. For simple 
reaction times, 3 subjects respond faster with constant 
foreperiods, as expected. Subject 4 paradoxically 
gives the inverse result. In the last 4 practice 
sessions, however, this subject gave shorter reaction 
times (m = 236 m.sec.) with constant than with 
variable (m = 267 msec.) foreperiods; but later, for 


Table 1 
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R.T., reaction time. 
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some unknown reason, responded considerably more 
slowly m the constant foreperiod condition. 

The mam result, however, is that, for each subject, 
variable foreperiods give rise to considerably longer 
choice reaction times than constant ones. Some 
efficient preparation can. still be done when the nature 
of the response to be given is unknown. It seams 
thus that preparation is not a completely selective 
process. - 

In this experiment, time unoertainty in the variable 
foreperiod conditions can be a result of longer average 
foreperiod as well as of variability. A more extensive _ 
experiment is being carried out, where both parameters 
are varied separately, and will be reported later. 

Par BABTELSON 
JBAN-PavL Boors 
Laboratoire de Psychologie, 
Université Libre de Bruxelles. 


1 Klemmer, H. T., J. Bap. Poyshol., 51, 170 (1956). 
* Woodrow, H., Psychol. Monogr., 17 (5) (1014). 


"Woodworth, E. 8., and Sobloaberg, H, “Axperimental Paychology’’ 
(Holt, New York, 1954). 
ear ae ‘“Hidments de Psychologia physiologique” (Aloan, Paris, 


The Relativity of ‘Meaning’ 


Ir is now widely accepted that the information 
content of a message is not intrmsic to the meesage : 
it depends on the set of messages from which thy 
message comes. Not so generally is the 
postulate that the meaning of a message also depends 
on the set that the message comes from. The follow- 
ing example, though imaginary and seeming flippant, 
shows decisively that the presence of another message 
may grosely affect the meaning of what is transmitted, 
though the other message is in fact not sent. 

The story is told that Mr. and Mrs. A, while on 
holiday, decided to send & greeting back to the wife’s 
mother. The telegraph company offered a set of 
standardized messages (actually only two), which 
wero 


Message l: “How we wish you were here !”’ 

M 2: “The weather is fine.” 
In fact they sent message l to express & simple and 
friendly meanmg. Haga 

S , however, that the company 
offered: 


Message 3: “Do come and jom us!” 

In its , the message “How we wish you 
wero here” becomes merely ronic; for to send it 18 
equivalent to a refusal to send the invitation. 

This, in this example at least, the ‘meaning’ of 
message 1 is not intrinsic to the actual words gent : 
it is a function of the whole set. Passing from the 
message to the meaning thus resembles such functional 
operations as taking the average, or the maximal 
value. According to this view, the ‘meaning’, on the 
reception of message $ from the set {1, 2, ..., $, --+} 
is nob to be identified with the elament + but with 
forming the i-th function over the set of messages. 
Applied to the brain (aa a dynamic system the behavi- 
our or activity of which forms some function of ite 
input) this view suggests that we should relate the 
s ing’ nob to the meagage that comes to ib as 
input but to the particular behaviour or output with 
which the brain responds. 

W. Ross AsHBY 
Burden Neurological Institute, 
Bristol. 
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MANAGERIAL RESOURCES : “AN INTERNATIONAL SURVEY . 


cs 
Pas 


OME reasons for Britain’s continuing difficulties 
with her balance-of-payment problems have been 
revealed in three recently published works. An 
American book presenta an international picture of 
d in a number of industrialized coun- 
- tries’. A British book deals particularly with the 
management scene in Britain’. The third is a com- 
parative study by an American don who has looked 
critically at American and Russian mdustry and, 
after a year as a Fulbright Scholar in Britain, hag 
produced a book which points to the inescapable 
conclusion that British industry will remam ham- 
strung until there is a marked improvement all round 
m the quality of her executives. 

The seesaw of import-export figures with every 
other year producing too little to cover long-term 
overseas investments has been with us since the 
War. Exhortation for more productivity to give us 
more exports has led up to the fourth balance-of- 
payments crisis during the past decade and has once 
more caused the Chancellor of the Exchequer to 
apply the brakes to industrial investment. The 
eoverall result has been a slow rise in British pro- 
ductivity which has been insufficient to pay for our 
importa, the improved standard of living which 
should acoompany productivity, and to leave enough 
for essential overseas investment. The tragedy for 
Britain is that other European countries have been 
able to steer clear of balance-of-payment difficulties. 
An suthority lke Colin Clark has confirmed that 
increases in productivity of most industrialized 
countries have exceeded those of the United King- 
dom‘, The rise over the past year has still not bear 


enough to’ prevent the Chancellor calling a halt to. 


expansion. 

Many of our difficulties lie, of course, within the 
political, economic and social fields. Bub from 
Harbison and Myers’s analysis of management in 
the mdustrial world, a considerable part of our 
trouble is bound up with the quality and distribution 
of men occupying top and middle management 
positions in our industrial organizations. 

Harbison and Myers first define the bases on which 
their comperisons of management are made, and 
then, with expert help from various countries, go on 
" to examine the nature of management as an economic 
resource, ag & system of authority and as a claga, as 
well as the development of managerial resources in 
different industrialized countries. 

Compared with countries like India, Egypt, Chile 
and Israel, which are logs developed industrially, 
Britain, ia common with other advanced industrial 
nations like Japan, Germany, Sweden, the U.8:8.R. 
and the United States, possesses reserves of actual 
and potential management talent which helpa them 
to maintain their industrial supremacy. That this 
position is not likely to go without challenge is shown 
by Egypt, where institutions for the generation of 


high-talent man-power i are quite advanced. In oom- 
trast to France, Italy and many of the newly 
developing countries, Egypt’s imdustrial progress is 
not retarded by a conservative patrimonial de and 
ita managers . . . “are receptive to new ideas”, 
Despite the warnings and forebodings of British 
politicians, for example, in 1958 the all-Egyptian 
management of the Suez Canal Authority was hand- 
ling 25 per cent more ship traffic than “ita pre- 
decessor foreign management handled before 1956. 
At the same time, the total number of white-collar, 
technical, professional and managerial positions has 
been reduced by 28 per cent”. In Israel, a vigorous, 
young and aggressive managerial class haa sprung up 

For Britain, management comparisons with other 
advanced industrial countries are more revealing. In 
Japan, concentration of industrial power in the 
hands of the sratbaisu has led to the remarkable 
development of human resources in general and 
high-talent man-power in particular. The vast 
industrial empires of the saibatsu, motivated by a 
nationalistic patriotism, have been succesaful in 
building managements which are imbued with the 
spirit of hard work, perseverance and unfaltering 
loyalty both to the organization and the dynasty 
which controls it. In the larger firms there is an 
almost feverish interest im new techniques, and 
to-day Japan is probably one of the few countries - 
which could easily export high-level man-power , 
resources without straining ite economy; entry-into ' 
the ranks of professional management is’ based ' 
primarily upon formal education. 

The. West German achievement is well known ; F 
there is no adequate parallel to the transformation. 
of West Germany since the War. Between 1950 and 
1057 the groæ national product was more thin 
doubled ; the British increased slightly. 

Like his counterparts in the United States, the 
U.8.8.R. and Japan, on the solid basis of prestige, 
power and wealth, the German manager vies for 
prominence among the members of other high-status’ 
groups. A significant difference between the German 
system and the British is that, m Germany, the top- 
level man, the Unternehmer, has real authority and 
direct interest in the busineas he controls, and is go 
free from day-to-day executive activities that he is 
able to forecast, plan and direct the policy of the 
company. Few boards of directors in Britain are 
able to function m this way, although our system of 
having a good sprinkling of executive directors has 
much to commend it. 

The great difference between German, Russian and 
American management and that- of the United 
Kingdom lies in the educational background of the 
men and women who become managers. In 1955, 
for example, at least 31 per cent of German top 
management had university degrees; the largest 
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single group consisted of graduates from the Technische 
Hochschulen. The position is much the same in the 
United States and the U.S.S.R. In the U.S.S.R. the 
change has been from a peasant, agrarian economy 
to a high level of industrial achievement since the 
introduction of the first flve-year plan three decades 
ago. This has not entirely been due to the extreme 
use of totalitarian methods, concentration on heavy 
industry and the sacrifico of short-run consumption 
to facilitate the investment needed for long-term 
development. The mam emphasis in the Soviet 
Union during the period has been on the development 
of well-qualified management’; the economic resulta 
are well known. If nothing else, the Soviet experience 
provides strong support for the belief that mdus- 
trialization requires that access to important man- 
agerial postions be based on objective standards of 
competence rather than ‘connexions’. Even in ther 
doldrum days of the '80’s, the Soviet leaders showed 
their long-sightedness m insisting that the British, 
German and American ‘foreigners’ should be used 
for traming their own men for the future rather than 
producing results at the time. 

The American position needs little underlining ; 
the proportion of personnel of high talent among 
American management is the highest in the world. 
In contrast to much of British mdustry, competence 
and performance on the job have become the teste 
by which men are judged, although these reflect not 
only innate capacrties but also prior education; 
between 50 and 60 per cent of executives have 
university degrees ; and, because of the status which 
management enjoys in social and economic life, the 
recruitment of talented young men destined for 
managerial positions is easier than in most countries. 
A major difference between American and most other 
industrialized countries is in the emphasis she has 
given to the teaching of management subjects in her 
business-administration schools. Formerly, these 
were mainly concerned with provision for under- 
graduates. S8imce the Second World War, fifty 
colleges and universities have developed full-time 
postgraduate courses for industrial executives. Al- 
though some of the work done in these postgraduate 
schools might be rated as shoddy, Prof. Norman 
Hunt, of the University of Edinburgh, has written 
that ‘work of the highest quality both in research 
and teaching is being undertaken: much of it would 
stand up to the scrutiny of the moet oritical of us”. 
The fine work bemg done in busineas-training schools 
is complemented by executive development pro- 
grammes inside industrial organizations themselves. 
There is little doubt that American managers are, at 
present, the best tramed in the world. Has this 
some connexion with productivity ? 


their concinsions must be treated with some reserve, 
the impression they create does not lead to the 
belief that Britain can hope, in the near future, to 
match the examples of Japan, West Germany, the 
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U.8.8.R. and the United States in their drives for 

There are a number of reasons for British weak- 
nesses and difficulties. It is now well established, for 
example, that the higher the degree of mechanization 
and the more sophisticated the enviranment in an 
industrial organiration, the higher will be the ratio 
of managers required. This 1s necessarily acoom- 
panied by increasing specialization without sauto- 
matically moreasing the overall size of the organiza- 
tion; as Joan Woodward has indicated, “specialization 
technology rather than size per se is moet important 
m promoting specialization within management’’*. 
Because they find it difficult to see the place of the 
specialist and because they fear his challenge in the 
struggle for promotion, many senior executives have 
done their utmost to resist specialization albeit to 
the detriment of their companies. 

Other factors tend to maintain centralized auth- 
ority and control ‘Firms which are owned by 
families, or in which the major share-holding interest 
1s held by some other single group, are notoriously 
loth to expand’’, if this would lead to any loss of 
control or delegation of authority. Delegation, too, 
with all its advantages, can, be achieved with greater 
confidence when adequate measures of the mca 
performance exists. ‘‘British management... 
backward in the employment of techniques of a 
measurement, cost accountancy and budgetary 
control.” There is also a deep-rooted belief among 
many senior executives that the higher management 
skills and especially those which go with ‘leadership’ 
are qualities which they posseas but are denied to 
their subordinates ; they are believed to acoompany 
a public school education. 

There are also factora to indicate that British 
industry continues to suffer because of social dis- 
tmotions. Evidence is accumulating that “the rank 
order of advantageous categories .. . shows the 
superiority of an Arta degree (Oxon. or Cantab.) or 
major public school education over an Arta degree 
(Redbrick) or leaser public school or grammar school 
attendance”. One investigation has shown that there 
is a direct correlation between social origin and salary ; 
consciousness of social handicaps appear to be more 
prevalent in family firms and in firms recruiting 
largely from universities. 

A major weakness is in the attitude of many 
managers towards productivity iteclf. In Great 
Brita productivity has frequently been imterpreted 
as low-cost production to yield high returns on a 
steady market. American companies with manu- 
facturing units in Europe have been quick to exploit 
their national habit of driving existing plants to 
achieve greater output without sacrificing quality or 
increasing coste ; Britain has been slow to copy them. 

Unfortunately, too, and this may be bound up 
with the social class background of many British 
senior executives, the trade unions are still regarded 
as enemies who must always be fought; the trade 
unions have responded to the attack, and the joint 
enterprise of. American management and labour for 
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increased productivity with-haring of rewards has 
not been repeated to the same extent in Britain. 


How, then, can Britain hope to achieve a standard - 


"of productivity which will enable her to sell exports 
mereasingly in direct competition with other advanced 
industrialised nations? The quality of management 
must be raised by increasing the standard of the 
recruite. Graduates must be used, and more scientists 
and technologists must command influential positions 
‘m the board room. Standards must be set against 
which performance oan be judged. Men must be 
selected for their competence and not for their social 
background ; there is little doubt that the talents of 
Great Britain are not being fully used, and perpetua- 
tion of the existing class system could lead to netional 
disaster. Training schemes in firms must be developed 
to produce executives capable of making decisions as 
well as technicians and craftamen to support them. 
Active trade unions should be encouraged to help in 
the drive for productivity. Above all, the supply of 
scientists and technologists must be stepped up; 
a heavy burden rests upon the Ministry of Education 
and local authorities. 

All this will be vitiated, however, unless public 
opinion outside and inside industry drops ite com- 
placency and builds up a climate of opinion in which 
_young men of talent can be given opportunities for 

ing an attempt to raise productivity to standards 
not yet contemplated. Until this occurs, we can 
ee difficulties with 
continuing regularity. 

"Maar he ht ha Ae 


1 }ansgement in Britain: a General Characterisation, by L MoGtver- 
ing, D. S08: Matthows and W. Fe Rete ol] University 


The Red Hrooutive, by David Granick (Maomflan and Oo., Itd., 


London, 1000). 

‘The Oonditions Progress, by Colin Clark (Macmillan 
and Oo., Ltd., London, 1957). 

Rogaine Banos) in Rusda, by 8. P. Timoshenko (MoGraw- 
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NEWTON’S CORRESPONDENCE 


The ee ee of Isaac Newton 
Edited by Prof. H. W. Turnbull. Vol. 1: 1661-1675. 
Pp. xxexvii+468+7 plates. ( : At the 
University Presa, 1959. Published for the Roysl 
Sooiety.) 1478. net. 


HE publication of the first volume of a critical 

edition of Newton’s correspondence is an impor- 
tant event in the domain of history of science. Few 
Be eee ae ee ee 
more instructive and fascinating fleld of study than 
that which saw the birth of modern science. The basic 
data for such a study, in the form of letters and manu- 
i ine ee 

great abundance, and allow one—especially the letters, 
with their more personal and intimate communica- 
tions—to form & vivid picture of the pioneers’ adven- 
igen AE GP Wee od Pee 
for the vindication of rational thinking and the estab- 
lishment of proper methods of scientific analysis. 
Much of this material has long been available to 
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scholars, above all in the monumental editions of 
baba of Galilei, Descartes 

and Huygens. In this connexion, the insufficiency 
of the existing edition of Leibnix’s scientific papers, 
but still more the lack of any coherent publication of 


. Newton’s works, has always been felt as a most 


serious inconvenience, which is still to this day 
hampering a really exhaustive investigation of some 
of tho most oritical phases in this momentous develop- 
ment. 

On the Continent, the task of editing the works of 
roa oer, i rod Se ee 


The mina o e a 
jes and institutions. The 


late in & ae Prof. E. N. 
da C. Andrade's introduction to the t volume, 
in reciting the story of the Society's of the 


ee ea aie el a 
procrastination and inefficiency. Even now, when 6 
most auspicious start has at last been made, oo 
satisfaction is by the 

feasion, that the Society does not feel 
take more than the publication of the 
for a eritioal edition of Newton's great books and of 


le to undor- 


are not to be found. In making this excuse he seems 
to lose sight of the vigorous growth of the modern 
school of scientific historians ; anyhow, it is happily 
belied by the fact that at this moment, in the United 
States, two dt historians are actually - 
preparing a critical edition of the “Principia”, while 
the study of Newton’s unpublished pepers is also 


as this publication of Newton’s correspondence ; 
if the further volumes keep the same high standard, a 
monument of scholarship rivalling those recalled 
above will have been raised to Newton’s memory. 
In fact, we sre given more than just the letters: 
partly to atone for the renunciation to edit all the 
manuscripts, a selection of the latter, namely, those 
correspondence, 


more connected with the , is 
also included. All texts are in oon- 
formity with the of modern 


some minor blemishes are mescapable—I hope to 
publish elsewhere a list of the corrections and additions 
eich T obieed ducing toe Dnes ee on 
on the whole the notes are excellent, 

matters of mathematics and optios. Tho only serious 
shortcoming is the lack of accurate bibli 
descriptions of the books quoted (for example, m the 
form ad in the Huygens edition) ; this desidera- 
tum perhaps still be fulfilled in the future 
volumes. For the accuracy of the text, we must of: 
oourse trust the editors, and we have certainly no 
reason not to do so: on internal evidence I have 
only detected two trifling textual errors (in French 
texts). The historians of science are indeed deeply 
indebted to Prof. H. W. Turnbull and his collabora- 
tora, the late Mr. W. H. Robinson and Dr. J. F. 
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Scott, for accomplishmg their important task in such 
a pai ing and skilful fashion. 

If we now turn to the contents of this first volume, 
which covers Newton’s youth and his first creative 
period, during which most of the optical work was 
done and the new idees about mathematical analynis 
and the theory of gravitation took shape, I cannot 
say that it discloses any strikmg novelty. Most of 
the letters and documents had already been published, 
and the fuller view we now gain by their more com- 
plete presentation oan only merease our respect for 
the judgment of the Victorian scholars, Edleston, 
Rigaud, Brewster, who made the previous selections ; 
it is comforting to realize, in particular, what careful 
and sagacious use good old Brewster, with all his 
oddities, could make of his sources. Nevertheless, 
renewed studies of these sources in their authentic 
and complete form cannot fail to reveal interesting 
new details, enlivening the picture of the times and 
deepening our understanding of the processes of 

i . Especially valuable in the latter respect 
is the publipation of numerous documents illustrating 
the little-known relations between Newton and 
Gregory ; it is the editor's great merit to have directed 
attention to them. 

Reading such correspondence, in the chronological 
order in which it is presented, is like listening a 
symphony the various themes of which successively 
appear and interlace, evoking the hero’s growth and 
deeds against the background of his time and environ- 
ment. In this respect, the comparison of the Huygens 
and Newton papers during the same span of thoir lives 
(three volumes to one !) illustrates in a most telling 
fashion the difference between the social er to 
which they belonged and which supported in- 
fluenced their work. Of Newton's rustic youth 
soarcely any record remains, whereas there is a 
wealth of documents picturing all the stages of the 
opulent H children’s refmed education and 
their development into sophisticated and alightly 
snobbish gentlemen. As soon as Huygens’s precocious 
demonstrative honour to the choicest circles of 
virtuosi ; the poor Cambridge scholar had to be oon- 
tent with the less-glamorous, but -perhaps more 
substantial esteem of plain people lke himself, 
engrossed in the business of trade and administration, 
but compensating the lack of elegance in their 
intellectual demeanour by seriousness of purpose and. 
a keen sense of reality. 

It ia highly instructive to watch how John Collins 
puta young Newton’s mathematical skill to the test 
by proposing to him problems of annuities and related 
algebraic questions : of such obscure birth is modern 
analysis! The next theme, recurring through a great 
part of the volume, is the construction of a reflecting 
telescope; it is in this work as well as im their 
mathematical research that Newton and Gregory 
followed parallel ways, of which they became 
acquainted through their common correspondent, the 
always friendly, sometimes officious Collins. 

Then comes the dominant feature of the period 
spanned by the volume under review, the great work 
on the theory of colours and the nature of light, 
which is here very fully documented. We may follow 
in minute detail the famous controversy to which 


Newton’s investigations gave rise, so startling did his . 


new method of reasoning by induction from experi- 
ment appear even to men like H and Hooke. 
However, a careful reading of Hooke’s objections, now 
for the first time available in extenso (I allude to the 
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important new document No. 71), reveals that the 
latter had spotted a real weakness in Newton’s 
argument, namely, his too rigid sasertion of the 
permanent character of the homogeneous coloured 
rays. In this light, Newton’s famous conciliatory 
letter to Hooke (No. 154), which has hitherto been 
presented as an example of generosity, cannot fail to 
strike one, on the contrary, as unpleasantly con- 
descending and arrogant. Wrthout denying Olden- 
burg’s part in embittering the quarrel, one feels that 
Newton’s own obstinacy and unwillingness or incepe- 
city to understand Hooke’s point are amply sufficient 
to account for it. 

It is well known that the conception of universal 
gravitation goes back to the same period of Newtan’s 
life, when, as he will later declare, “I was m the prime 
of my age for invention”. Yet, from this time we 
have only one document (No. 117) of extreme 
interest, recently brought to light by Dr. A. R. Hall: 
it is the first appearance of the mightiest theme in 
the Newtonian symphony, which will unfold itself 
throughout the further, eagerly awaited instalments 
of this magnificent publication. L. Roamursip 


ASTROPHYSICS OF NON-STATIC 
SYSTEMS 


Moving Envelopes of Stars 
By Prof. V. V. Sobolev. ‘Translated by Sergej 


Gaposchkm. Pp. xiv+106. (Cambridge, Mass. : 
Harvard Uni Press ; London: Oxford Univer- 
arty Preas, 1960.) 388. net. 


Tha astrophysicist trying to infer the develop- 
ment of astronomical systems from the available 
observations is generally like someone trying to 
imagine the story of a film from a few ‘stills’ shown 
outside a cinema. Most astrophysical theory is 
concerned with such an exercise. However, the 
astrophysicist is occasionally afforded the advantage 
of a ‘trailer’, when he actually sees some change 
occurring in the heavens as ix a nove eruption or in 
cases of matter obviously streaming away from stars. 
But a trailer is usually concerned with the more 
colourful episodes in æ story, and a special skill is 
needed for correctly imagining the whole film from it. 
The present book is concerned with the analogous 
exercise in astrophysical theory. 7 
The contents of the book, however, are easy neither 
to describe nor to assess. This is mainly because, as 


journals. At any rate, he states the purpose very 
clearly as “to give a theory of radiative equilibrrum 
of a moving medium and to apply it to the moving 
exvelopes of stars. Because of the breadth of the 
problem, only the basis of the theory and ita most 
immediate applications are given here”. 

The account is concise and free from unnecessary 
complications. In fact, it is so concise that only 
someone currently working in the field is likely to be 
able to appreciate ite fall value. But even someone 
such as myself whose ventures into the fleld were some 
time ago, can realize that Prof. Sobolev has made 
a Sa t advances in the e SE oe 

that Dr. Geposchkin good service 
ing them better known by translating them mto 
English. W. H. MoOnna 
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SOUND TRANSMISSION IN THE 
OCEAN 


Introduction to the Theory of Sound Transmission 
with Application to the Ocean 

By O. B. Officer. (McGraw-Hill Series in the Geological 

Sciences.) Pp. vii+284. on: McGraw-Hill 

Publishing Company, Ltd., 1958.) 77s. 6d. 


HE author of this volume is associate professor 

in the Department of Geology, The Rioo Institute, 
and associate in geophysics, Woods Hole Oceano- 
graphic Institution. These facts are mentioned to 
mdicate that the book is of interest nob only to 
physicists who are concerned with sound propagation 
in the sea, but also to geologists and geophysicists 
who are concerned with the wider aspecta of the 
subject. 

The propagation of sound in the ocean, in shallow 
seas, and in the Earth beneath the sea has important 
implications which concen 6 ape field, of science, 
per physics, geophysics and oceanography. 

In the preface the author directa attention to the 
fact that tho preparation of the book has been 
b Dorel “encouraged and supported”) by the 

oo of Naval Research and the US. Bureau of 
Ships, thus indioating ite importance to those oon- 
cerned with the applied aspects of a study of sound 
propagation in the ocean. 

Reference is also made in the preface to many well- 
*known American workers in this fleld, for example, 
J. B. Hersey, M. Ewing, J. L. Worzel and others. 

The subject-matter of the book is divided into six 
chapters. The first of these deals with general wave 
theory for an elastic medium, including the cases of 
waves of finite amplitude and shock fronts. The 
second, ter is concerned with the ‘ray’ and 
‘normal-mode’ theories of sound propagation, with 
refraction of a dispersive wave-train, and with 
prescribed boundary conditions. In Chapter 8, these 
considerations are applied to the case of transmiasian 
in shallow water where interference due to multiple 
surface and bottom images has to be taken into 
account. The fourth chapter deals with the osse of 
deep oceanic water, where the bottom is not involved. 


pretation of eacho-sounding records and of of ei 


reflexion and refraction profiles. The concluding 
chapter, “Attenuation”, covers ion in a viscous 
fluid, scattering and diffraction, reception by a 


linear array. 

Chapters 3 and 4, which deal respectively with the 
transmission in shallow water (mshore seas) and in 
deep water (the oceans), show the difficulties involved 
in attempting to arrive at a reliable theoretical 
solation of wave propagation in the pea. Considera- 


soatterers in the water, and so on. As the author very 
truly states, “A oomplete formulation with all 
possible variations of the above environmental oon- 
ditions would be very difficult to obtain.” The 


NATURE 


589 


theoretical complications in shallow water trans- 
mission due to multiple reflexions between see- 
surface and sea-bed are dealt with on both ‘ray’ 
and ‘mode’ theories, but there is clearly much more to 
be done to predict the sound distribution in a shallow 
sea even under the most ‘ideal’ theoretical conditions 
of isothermal water and a fiat bottom perallel to a 
flat sea surface. 

The problem is a diffloult one, and Prof. Officer 
has made a praiseworthy effort im presenting the 
aspect in a stim and readable 
fashion. As an introduotion to the subject the book 

interest 


and oan, be recommended to all those interested in this 


diffloult but fascinatmg study of sound transmission 
in the sea. A. B. Woop 


THEORY OF HIGH EXPLOSIVES 


The Sdence of High Explosives 
By Prof. Melvin A. (American Chemical Society 
Monograph Series, No. 189.) Pp. xv+440. (New 
York: Reinhold Publishing tion ; London : 
Chapman and Hall, Lid., 1958.) 180s. net. 
HIS book is a valuable addition to the rather 
sparse literature on the subject of explosives. Its 
scope is wide ; but, as the title suggests, it is concerned 
more with the basio physical and chemical 


- underlying the behaviour of explosives than with 


practical applications. Nevertheless, there are parte 
that will be of general interest, in particular the 
chapters describing the modern explosives industry 
ard the explosion properties and blasting action of 


high explosives. 

Perhaps the heart of the book is formed by those 
chapters dealing with the mechanism of initiation and. 
propagation of detonation and the accompanying 
phenomens. Particular attention is paid to the nature 
of the reaction zone in detonation waves, and the 


“author considers that the clagsical treatments of 


Zeldovich, von Neumann, Doering, and others should 
be modified to molnde the notion of heat condustion. 
In addition to claiming that this modification gives a 
better explanation of the observed distribution of 
parameters in the reaction zone (for re the 


says that it apie what era to the critical 
enthalpy that is necessary to mitiate detonation. 
He considers that this enthalpy is contained within 
the reaction-rone and propagated as a heat pulse. 
The author claims to have obtaied photographic 
evidence of a heat pulse during the growth to detona- 
tion of an initially non-reactive shock-wave in the 
liquid explosive nitromethane, but unfortunately the 
features in the original colour photographs to which he 
ascribes considerable significance do not show up 
well in the black-and-white reproductions. Also 
discussed in some detail are the theories of 
non-ideal detonation due to Jones and to Eyring and 
others. An alternative theory, called the ical 
model, is put forward which asserts that not only must 
lateral losses, which affect only the equations of 
continuity, be taken into account but also that only 
of the reaction zone lies between the detonation 
and the Chapman—J ouguet plane, so that not all 

the chemical energy released is available for support- 
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ing the detonation wave. As mentioned m the book, 
this theory is i the same as that 

by different authors as long ago as 1928 but not then 
generally published. 

There are useful chapters on the instrumentation 

used in modern explosives research and on the 
effects of air and ground blast waves, and conmder- 
able is given to shaped charges and to the 
behaviour of solids under explosive attack. Perhaps 
the mogt disappointing paris of the book sre those 
dealing with the blast waves produced in gases by 
detonating explosives; no mention is made of the 
modern approach besed on the methods of fluid 
mechanios and the descriptions are derived from some- 
what questionable itative assumptions. . 
. The book is not easy to read ; in the attempt to be 
comprehensive there is a tendency m. places to deal 
ee ee 
fault is aggravated. by the use of symbols 
as a shorthand method of writmg. Even though the 
symbols are clearly defined in an appendix ib is 
irritating to have to be continually referring to it. 
However, ib may be said that this ıs a reference 
volume for the research worker rather than & text- 
book, and as such its wealth of detailed mformation 
and exhaustive liste of references make its appearance 
welcome. W. L. Munpay 


STORY OF CHEMICAL INDUSTRY 
IN BASLE 


The Story of Chemical Industry in Basle 
Pp. 284. (Published by CIBA Limited on the 


HE title of this work is far too modest. In 238 

beautifully printed and illustrated pages the 
history of chemistry is set out in such a way as to give 
Basle its rightful place in the fields of drugs, plastice, 
textiles and dyeing. Alhough Ciba Ltd. are the 

ublishers, full credit has been given to the firms of 
Sandoz, Geigy, and Hoffmann La Roche, as well as 
to other firms and individual scientists throughout 
the world, for their contributions to science and 
technology. 

The first part describes the founding of the first 
Universities in Paris (by Bartholomew the English- 
man in 1281), Oxford, Salerno and Montpellier. The 
influence of the Guilds is noted as is also the contribu- 
tion to the Renaissance made by the monasteries. In 
the fourteenth century the Dominican monastery in 
Basle possessed works by Avicenna, commentaries 
on Aristotle, Latin translations of the works of Galen 
and the medical works of Albert the Great (usually 
referred to in books as Albertus Magnus). 
In 1460 the University of Basle (modelled on those of 
Paris and Bologna) was founded and eight years later 
the printing of books oommenced in Basle. 

The University of Basle received a refreshing blast 
of fresh air in 1526 when Paracelsus occupied the chair 
of medicine for a few months. As every student of 
chemistry knows this rebel publicly burnt the works 
of Galen and Avicenna and scoffed at the alchemists, 
stating that medicine, not gold, was the true am of 
alchemy. 

The story continues to the eighteenth oentury, and 
the age of enlightenment. Voltaire, Diderot, Nicholas 
Leblanc, Edmund Cartwright, James Watt, Adam 
Smith, Montesquieu and Rousseau are just a few of 
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the famous in all branches of phil who 
in the of this remarkable bose ir rarai 
how from the Reformation and the counter- 
Reformation transplanted industries to Basle. 
The second part of the book (“The Development of 
the Chemical Industry in Baale”) commences by 
showing that chemical industry grew from the 
co-operation between the trade in crude drugs and 
colourmg matters, the apothecaries’ shop, and the 
gas works. In 4 short history of the ancient drug 
trade drugs which are also colouring matters (for 
example, saffron, buckthorn), are mentioned, as well 
as many others, some of which are illustrated in 
colour. Surprise is expregsed that until the nineteenth 
century the whole drug was considered essential and 


Extraction of ‘principles’ soon became commercially 
popular and in 1857 J. R. Geigy and U. Heusler built 
a plant in Basle to extract dye-woods. The silk 
ribbon industry in Basle naturally attracted dyers 
to the neighbourhood. In 1859, three years after 
Perkin’s discovery of mauveine, Geigy switched his 
attention to the man of synthetio ‘dyes, 
mang IE Te DOP OF Pome: Also in 
1859, Clavel commenced the manufacture of fuchsine 
in Basle and his firm eventually became Ciba (a 
name formed from the initial letters of the Society 
for Chemical Industry in Baale). 

The factors leading to the rapid growth in chemical 
industry in Basle are described. These are briefly 
(1) the ease with which coal-tar could be obtained 
from France and Germany, (2) the advan- 
tage of being able to dispose of waste produota m the 
Rhine, (3) plenty of capital from the older madustries, 
(6) tho ead markan or dyes provided by the silk 

ribbon industry, the socio-polrtical freedom 
oring frorn he vallation ofthe hie cantons aio 
federal State, and (6) the rapid rise in the population 
ao hence the labour supply) of Baale. 


Baeyer, Sand- Meyer and Heumann. 
The history of the scientific pharmaceutical 
industry commences in this book with the founding 
of the first institute for experimental pharmaco! 
by Buckhein in Estonia in 1849. Than follows ths 
bacteriological ‘ and antiseptic discoveries 
Semmelweis, Pasteur, , Lister and, last bat 
not least, Soom im Basle, who in 1871 was using 
phenol for wounds. Then on to Robert Koch’s in 
vitro cultivation of bacteria and the work of Ebrlich 
on the application of dyes and arsenicals to medicine. 
Among the newer bactericides we read how Prontosil 
(Domagk 1985) led to ‘Cibaxol’ (Ciba-—1938, better 
known to us as Sulphathiaxole). In 1950 the La 
Roche group produced Isoniazide (for tuberculosis) 
and Ciba in 1958 introduced ‘Ciba 1906’ for leprosy. 

Turning to drugs derived from natural precursors 
we are told the story of Nupercsine (Ciba 1939), 
Dolantin (1840) and Cliradon (Ciba 1949) and of 
Butazolidine (Geigy). (The latter derived from 

ine in the mistaken belief that antipyrine is a 
quinoline derivative.) 

Similar treatment is given for very many other 
organic medicaments: (Sandoz 1918), 
Coramine (Hartmann of Ciba, 1918), Prigcol and 
Privme (Ciba 19389), and the isolation of Reserpine 
in 1952 (Ciba). Vitamin. O was first synthesized by 
Reichstem in 1933 and wrthin two years La Roche 
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were manufacturing it. In the thirties Cibe helped. 
to isolate progesterone and later worked with 
Reichstein an cortisone. 

Part 2 finishes with a historical ‘account of plastics, 
from ancient ceramic arte via gun-cotton (Schoenbein. 
of the University of Basle m 1845), celluloid, the 
Chardonnet denitrification process, to the important 
modern epoxy resins of to-day such as Cibe’s ‘Araldite’. 

The plain grey board covers of this book give no 
hint of the wealth of material within. Beautifully 
printed on high-quality paper wrth hundreds of 
illustrations, dorens of which are in beautiful colours, 
it stands in e claas of ita own. 

I have noticed only one error of fact (p. 128). The 
dibromoanthraquinone which Graebe Liebermann 
hydrolysed to alizarin was, in fact, the 3 : 3 dibromo 
compound and not the 1 : 2 as described, although 
this piece of ‘research luck’ was not discovered until 
several years after the event. A few expressions 
strike the English reader as unusual, for example, “in 
six years the price of quinine dove from 1-3 to 2-5 
florins per oz.”, ‘diazo dyestuffs” (we say ‘azo dyes’), 
and the use of the word ‘somnifacients’ for what we 
(with perhaps less Latin and more Greek) call 
‘hypnotics’. 

This work reflects great credit on Dra. Huber and 
Menzi, who wrote the text, on Drs. Wilhelm and 
Kappeli, who had the idea of thus celebrating Ciba’s 
seventy-fifth anniversary, on the photographers and 
blockmakers, and on all those concerned with the 

ebook. AIl who are able to obtain a copy are indeed 
to be envied. L. K. SHARP 


QUANTUM CHEMISTRY 


Quantum Chemistry 
Methods and Applications. By R. Daudel, R. Lefebvre 
and O. Moser. Pp. xiii+572. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1959.) 14.50 dollars. 


T is an interesting exercise to speculate on the 
probable contents of a new book on quantum 
chemistry. One can be fairly sure that there will be a 
discussion of the particle in the box, the hydrogen 
atom, the hydrogen moleocule-ion, the hydrogen 
molecule itself and possibly methane, ethylene and 
benzene. But for the serious student of the subject 
it is the rest of the contents which will excite 
his main interest. The books entitled “Quantum 
Chemistry’ which are already on the market differ 
very greatly in what their authors have seen fit 
to add to this rather pedestrian list of topics. The 
book by Eyring, Walter and Kimball makes much 
use Of the theory of groups in the interpretation 
of spectra and is one of the best elementary sources 
, for information about electromagnetic phenomena ; 
on the other hand, m that book there is almost no 
discussion of the diverse and sophisticated facta of 
chemical reactivity. The book by Pitzer covers widely 
the basic principles of chemical physics, and lays 
considerable stress on statistical mechanics and 
molecular dynamics. Here again, however, there is 
virtually no discussion of chemical reactions in terms 
of molecular structure. The big book by Kauzmann 
is very largely devoted to atoms and the author never 
really crosses the border from physics into chemistry. 
Clearly, the word ‘chemistry’ means something quite 
different to these suthors from what it means to the 

vast majority of chemists. 

l 4 


a 
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Now we have yet another book with the same title 
and a much braver effort. This new book, by Daudel, 
Lefebvre and Moser, represents a creditable attempt 
to seb down in an orderly manner those developments 
which in recent years have made quantum chemistry 6 
subject of real interest to the i worker. 
The cantre of gravity of the book is the unsaturated 
hydrocarbons and their physical and chemical 
properties. This is not inappropriate, since until 
quite it would have been true to say that this 
particular field of study had yielded a greater crop of 
quantitative results than any other branch of 
theoretical chemistry. It is inevitable that s book of 
this sort should dwell on oertain topics at the expense 
of others, and it would be easy to orrticize the authors 
for having omitted any discussion of the recent 

i advances in, for example, the theoretical 
chemistry of the transition elements. But this would 
be ungrateful, as the authors have obviously taken 
pains to include reference to the most important 
pepers in the theory of conjugated molecules; the 
fact that their book is not as broad as ita title suggests 
only bears witness to the great rate at which 
theoretical chemistry is now developing. 

Turning to details, one is glad to have a clear 
account of the theory of antisymmetrized wave 
functions and the Hartree-Fock equations. Of leas 
value is the short chapter on biochemical applications : 
we still know so little about the cell that it seems 


a little odd ; the two parts 


is 
of the book are li together. by only a very tenuous 
thread, and it is strange to have a on reaction- 


rates preceding one on chemical equilibria. Perhaps 
also in the second edition the authors might consider 
whether, for example, their long tables of bond angles 
are worthy of the space which they occupy in view of 
the very discuasion which is grven to this set 
of data. But it is a fault on the right side to make too 
much reference to experimental results; it would 
indeed have helped the reader to appreciate the 
strength of the more sophisticated theory if more 
comparisons had been given between calculated and 
ives his excitation energies in conjugated mole- 

e8. 
Taken all in all, this book is certainly a useful 
addition to the literature. 
: H. C. Lonauxr-Hieers 


. HIGH-PRESSURE TECHNOLOGY 


The Design and Construction of High Pressure 
Chemical Plant 

By Harold Tongue. Second edition, revised. Pp. 

xii+250. (London: Chapman and Hall, Ltd., 1959.) 

84s. net. 


INCE the first edition of this book was published 

in 1934 there has been a widespread increase in 
the use of high pressures in the chemical industry, 
particularly in the field of petrochemicals. New 
processes such as the polymerization of ethylene and 
the synthesis of diamond have been developed which 
operate at and temperatures far greater 
than those attainable twenty-five years ago ; further- 
more, the advent of nuclear power has necessitated 
& great increase in the size of pressure plant. In 
order to describe the many developments in high- 


ogy progress 
possible, the text has been added to and modified 
considerably, so that this edition may be regarded 
as & new book on the subject. 


high- 

eee ene one ana teed tn he 
design of nuclear power plant. The practical nature 
of the book is emphasized by the inclusion of an 
introductory chapter devoted to the various codes of 
pe a ee ee 
for the design and ee oe of ` pressure 

It is unfortunate that the references rag ea 
Standard 1600 on “fusion welded presare voeoals fo 
the chemical and allied industries’ which occur 
throughout the book concern the provisional code 
issued in 1940 and not the extensively revised edition 


published in 1958. 
practical ign procedures for vessels operating at 


præsures up to about 300 atmospheres, for higher 
Pressures there are a8 yet no accepted codes and the 
chemical engineer must base his designs largely on first 


methods of fabrication, such as hollow forging and 
Se ee eee ee eee ee 
and the multi-layer form of construction are described 
in detail. In view of the increasing use now being 
made of the autofrettage for 


chapter dealing 
with this subject is diseppomting in that very little 
design information is given. The same criticism may 


blems of at temperatures; furthermore, no 
mention Oe of us cet ower ee on ee 
On the other hand, much useful information, not 
readily acceasible in the literature, has been brought 
together in those sections of the book which deal with 
the low-temperature embrittlement of steels and with 
those corrosion problems peculiar to high-pressure 
t. 
Tis E E dhe BG, which is mainly oon- 
cerned with anocillary 


number of designa. ripe Peart dakar a Pere iy 


ytio 
the preparation and purification of industrial 


gases. 
Unhappily the author died earlier this year, soon 
after the publication of this edition of his first book. 
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ANNUAL REVIEW OF 
ENTOMOLOGY 


Annual Review of Entomology 


VoL 5. Edited by Edward A. Steinbaus and Ray F. 
Smith. Pp. vii+451. (Palo Alto, Calif. : Annual 


with the Entomological Society of America.) 


Bh E a ‘Annual Review” is to oover the 
whole science of entomology, pure and applied ; 
and ainoe' the insects provide at least five-sixths of of all 
known i 


the economy and health of man, and are being studied. 
by @ very large army of investigatore—there is no 
shortage of material for annual review. The study of 
some subjects has only recently begun. It is still 
possible for all work on the fine structure of insecta 


years, oeer Goalie ME ete eas 
neuraphysiology of insects would have been a rather 
unsophisticated affair, from sheer lack of knowledge. 
But that is no longer so ; the article on inseot flight 
muscles and their physiology (Œ. G. 

ahowa heb I hoch aias, Tria nan. Dan, hes 
foe eats Okeaania maoni In ths physiology 

neurogecretion, which is wel reviewed 

F. G, Vando KoL tiie inaccta Have Aea A 
the way. 

The editors of the “Annual Reviews” maintain a 
constant effort to persuade their authors to present a 
point of view and nob just an annotated catalogue of 
references. re fe proporhion of monea 
TEN Saoir one bees > an host selection 


are again reviewed, this time by A. W. A. Brown, 
who quotes 229 references; a exceeded only 
Mate ad lo ae pel of arman, writing on 
insects and mites as pests of citrus, who have 240. 
ta about half of the twenty articles in 
wate The range of subjecta covered is so 
ee a a ee 
choose from which really needs reviewing. 
high standard “of ‘aula Palamas i matatio the 


year. 
The print in these volumes is rather amall, which 
reduces the impact of their content on the reader ; 
but it is pleasant not to have them printed on the 
highly sized paper so much favoured in the United 
States. ee ee ee ot Deer 
the copy received for review showed the on, 
the other side of the page so clearly as to be difficult 
Ho reed V. B. Wise taeworre 
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THE LAND OF THE MARSUPIALS 


Blogeography and Ecol in Australia 
Edived by A. east, R. L. and C. §. Christian. 
(Monographiae Biologicae, Vol. 8.) . iv+640+18 
plates. (The Hague: Dr. W. J 
guilders. ; 


HE continent of Australia is about the same sire 
- as the United States or 25 times the area of the 
British Isles. was settled in 1788, but it was 
not until about 1825 that other coastal areas began to 
be developed. The ‘gold rushes’ brought a great 
increase of population m the mid-nmeteenth century. 
It was not until a little more than a century 
Ghat tha dawn oF atholarehin came with tis establia. 
ment of the Universities of Sydney and Melbourne. 
In the pioneer era, the studies of the infant depart- 
ments of biology were of necessity concerned largely 
with the ips, Jain of local fauna and flora. In 
later years, however, the of interest swung 
remarkably so that the chief studies of a majority of 
senior academic soologists were of problems that 
could be rather more efficiently attacked in London 
or New York The wonder, then, is not that 
Australians know so little about the ecology, 
biogeography and physiology of their native fauna, 
but (as is shown by the present volume) that they 
know so much. It is significant that much of the new 
zoological knowledge is not due to the efforta of 
workers, but to offioars of the splendid 
onwealth Scientific and Industrial Research 


cea 
‘Biogeography and Ecology in Australia” will be 
TAAN uy te pologi cau ela e general 
reference book for , senior students 
and biologists in general. (For example, how many 
know that there are only 11 fewer eutherians than 
marsupials in ‘the land of ” ?) The book 
hrings together much of the a noe knowledge, as 
well as enabling us to see where the gape are. The 
first essay deals with ‘The Uniqueness of Australia in 
Biology” (by F. 8. Bodenheimer) and then follow 
ix chapters on the ecology of primitive 
aboriginal man, contemporary human ecology, that 
of the vegetation, the extant chordate classes, some 
of the majar invertebrate groups and other topics. 
Pleasing evidence that, largely under the impetus of a 
Swiss and an Australians are at bepress 
to study the biology of Australian mammals 
is found in the chapters by Main e al. and Sharman. 
Among the hitherto unsuspected physiological adapta- 
tions of oertain pouched mammals is rumination. 
Delayed implantation, too, has been demonstrated 
in two species by Sharman and Ealey and others 
within as Pai Sears: A. J. Marseann 


CLIMATIC4ATLAS OF THE 
CZECHOSLOVAK REPUBLIC 


Atlas Podnebl Ceskoslovenské Bape sale 
Pp. 434100 plates. Správa 
Geodesie a Kartografie, 1958.) Cena K%. 300. 


HIS impressive book contains 89 charta of 
Czechoslovakia on the scale of 1 : 10* and eleven 
The mape, which measure about 3 fb. 6 in. 

by 1 ft. 6 in., are beautifully printed in attractive 
systems of different colours for areas of different 
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values of the elements concerned. Fant and Weet 


vegetation. period. 

Next there are thirty-one temperature charts 
which give mean monthly and annual isotherms of 
screen temperature (that ia, not reduced to mean 
sea-level), mean numbers of days of maximum 
temperature over 25° C., of maximum below — 0:1° O., 
eto., mean first and last frost days, and the mean 
ae se ee tee 

daily temperature 5° O. or more. The mean tem- 
Santa th trier obo ou 9 lv m, 


T 


maximum and minimum. As charts of mean values 
they are excellent, but for an area of such variable 
weather as Central Europe they much need to be 
supplemented by information on extremes, Extremes 
are not mentioned anywhere, yet other sources give 
the following table for Prague in January : 


Virom u “F. 
Average Average A Absolute Absolute 
daily highest = lowest max. min, 
max. min, month month 
u 25 4 8 65 —~16 


The information outlined on average monthly 
extremes and absolute extremes is the least informa- 
tion on variability which ought to be included for 
scientific and economic purposes. 

The section on precipitation contains mean monthly 
and annual amounts, means for the vegetation and 
winter periods and the mean numbers of days with 
precipitation exceeding 1 and 10 mm., days of mow- 
fall and snow cover, eto. Next there is a section with 
maps of wind-roses, averages of relative humidity 
in July and December, mean cloudiness in September, 
November and the year, annual numbers of days of 
fog, sunshine, and thunderstorms. These are stan- 
dard features of most oclimatio atlases, but for a 
country of mixed terrain like this much is lost by 
giving only annual values of sunshine since it is well 
known that there is a marked seasonal difference 
between the relative sunshine distribution in moun- 
teins and plains. 

, there are twelve phenological oharta (mean 
date of apple-blosaoming, oata, eto.) and 
eleven charts of seasonal variations of soil tempera- 
ture. The latter, with examples for a hot summer and 
& severe winter, are the only sections of the book to 
give any indication of extreme values. 

The period of the observations used is mainly 
1901-1850 but is 1926-1950 for some and 1946-19538 
for wind-roses. The preface mentions that it is 
intended to publish a tatan of tables but suggests 
that this will contain only the data used in drawing the 
isopleths of the work under review. It is much to be 
hoped that the tables will in fact contain some data 
on extremes of temperature and precipitation if it is 
not possible to go all the way and provide an airmass 
climatology similar to that published in 1958 for 
West Germany (Ber. deutschen W stterdionsiss No. 45. 
“Zur Kiimatologie der See by K. 
Burger.) . Bown ` 
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pals and Chemlstry of the Earth 
Vol. 3. Edited by Prof. L. H. Ahrens, Frank Press, 
Kalervo Rankama and S. K. Runcorn. (Progress 
Series.) Pp. viii+464. (London and New York: 
Pergamon. Press, 1959.) 100s. net; 15 dollars. 


To volume contains admirably concise chapters 
by J. W. Durham on palsoclimates, by A. G. W. 
Cameron on the origin of the elements and by D. C. 
Tozer on the electrical ies of the Earth’s 
interior. 8. I. Tomkeieff, ın “Geochemistry in the 
U.S.S.R. (1954-1958) gives a partially annotated 
bibliography of about 1,200 titles which is an 
extremely useful list of Russian publications dealing 
with igneous, metamorphic and sedimentary rocks, 
geochemistry, coamochemistry, mineralogy and 
natural waters. It is a sad reflexion on the state of 
scientiflo libraries ın Britam that some of these 
publications sare unobtainable anywhere in this 
country. The geochemistry of thorium and uranium 
is reviewed by J A. 8. Adams e al., while in ‘Silicate 
Melt Systems” E. Roedder reproduces about sixty 
phase-diagrams dealing with various portions of the 
geologically important system K,O—Na,O-—Ca0— 
FeO—Mg0—Fe,0,—Al,0,—8i0,, and he gives a 
helpful summary of the experimental techniques 
used. Unfortunately there is no attempt to relate 
the diagrams to petrology in the way pioneered by 
N. Bowen, more than thirty years ago. 

Nearly half the book deals with geophysical investi- 
gations in the eastern Caribbean by C. B. Officer et al. 
and the continental margin of the east coast of North 
America, north of Cape Hatteras, by O. L. Drake 
ef al. Much undigested detail quite unsuitable for a 
general review is contained in both these articles, 
and this has probably been the chief cause of the 
increased price (100s.) compared with either Vol. 1 
(708.) or Vol. 2 (688). For example, the former article 
contains no less than 55 pages of seismic profiles and 
their interpretation while the latter contains 18 pages 
on ‘significant’ boreholes in eastern America and the 
important besement rocks encountered (‘decom 
rook’; ‘bedrock’; ‘crystalline rock’), various 
and text, all of which fail to give the reader a picture 
of the basement. B. E. LEAKE 


The Measurement of Grassland Productivity 
Pr i of the University of Notti Sixth 
Easter School in Agricultural Science, 1959. Edited 
by Prof. J. D. Ivins. Pp. viii+217. (London: Butter- 
worths Scientific Publications ; New York: Academic 
Prega, Inc., 1959.) 358.; 7 dollars. 


R several years the University of Nottingham 
~has organized an Easter School in a branch of 
agricultural soience. At the 1950 School, on meagur- 
ing grassland productivity, 20 papers were given, 
which are published in this book, together with 
summaries of the discussions. 

Grass occupies two-thirds of British farmland, but 
current production from it is much lees than would 
be possible if existing knowledge of improved varieties, 
fertilizers and techniques of management were fully 
applied. Lack of confidence in methods for measuring 
grassland productivity hinders these developments 
and this School was organired to review and discuss 
current methods. 

In the ing session Dr. William Davies reviewed 
the history of methods of measuring eren output ; 
corresponding German work durmg past twenty 
years was described by Prof. E. Klapp. T. E. Williams 
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then gave a good account of the effect of leys on the 
productivity of arable crops grown after the leys 
were ploughed. e 

A second group of papers dealt with the growth 
characterstios of different herbage crops and the 
problems of assessing ther relative merits. . Horbage 
has no true value until it has been used by an animal, 
go the third group of three papers discussed methods 
of assessing how much grass 18 actually eaten by stock 
in grazing experimente. Hight papers dealt with 
asseasmenta of animal production from , and 
with ereus estimates of pasture gro with the 
performance of animals using the herbage. Three 
of these papers discussed the digestibility of herbage 
in pasture experiments. 

Two papers described farm-scale measurements. 
Work done by Imperial Chemical Industries, Ltd., 
on commercial farms showed that measurements of 
graseland production must be related to output 
from the whole farm business ; single measurements of 
produotivity, and particularly physical measure- 
menta, can be misleading. Mr. Rex Patterson showed 
how his farm records of grazing have been used to 
meesure pasture productivity and also quality. 

The papers cover the subject well although their 
quality varies ; together they provide a good review 
and the book is recommended to those concerned 
with scientific work on gras, _G. W. Coors 


Handbook of Toxicology 
Vol. 3: Insecticides: a Compendium. By William 
O. Negherbon. Prepared under the Direction of the 
Committee on the Handbook of Biological Data, 
Division of Biology and Agriculture, National 
Academy of Sciences—National Research Council. 
Pp. xxv+854. (Philadelphia and London: W. B. 
Saunders Company, 1958.) 98s. net. 


HE insecticides volume of the “Handbook of 

Toxicology’’ is an impressive production which 
is well calculated to save an immense amount of 
time for anyone seeking the available information 
about the great range of chemicals that are in use a8 
insecticides and synergiste at the present time. The 
contenta are arranged alphabetically under the 
preferred chemical names of the substances. But 
interspersed among these are general articles on such 
subjects as anti-metabolites, bees and insecticides, 
cytochrome oxidase (effect of insecticides on), 
resistance, temperature and insecticidal action and 
others. Some of these sections help to lighten the 
subject-matter, as do the introductory sections dealing 
with each insecticide or group of insecticides. Under 
a given substance will be found an account pf its 
chemistry ; toxicity for man and wild-life; toxicity 
for insects ; factors influencing toxicity ; entry and 
mode of action in the insect; formulations; resis- 
tance ; all thege subjecte being illustrated by exhaus- 
tive compilations of tabulated date. An insecticide 
such as DDT on which a vast literature exists will 
have about 40 pages devoted to it. Original references 
are quoted for every piece of information; the 
reference list contains 3,404 titles. There are separate 
indexes to chemical compounds, and to the scientific 
and common names of insects. 

This should prove a most valuable work of reference. 
The short general introductions to the various sections 
can be read with interest by anyone looking for a 
broad survey of the subject. 

V. B. WIGGLEBSWOEBTH 
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NUCLEAR TRAINING FACILITIES AT THE ROYAL NAVAL 
COLLEGE, GREENWICH 


By Pror. J. EDWARDS 


HE Royal Navy, with one nuclear submarine, 
Az, well under oonstruotion, and 
another likely to follow, with a land-based. prototype 
plant at Dounreay also well advanced, and a possible 
interest in nuclear surface ships, has an obvious need 
to ensure a continued output of officers fully trained 
in the theory, techniques and problems of nuclear 
propulsion systems to meet ita speciflo requirements. 
To provide this, the Department of Nuclear Science 
end Technology was set up under me at the Royal 
Naval College at Greenwich in January 1959. 

The responsibilities of this t were to 
provide courses suitable for those officers responsible 
for the operation of the nuclear submarines and for 
the prototype at Dounreay, and also to provide an 
advanced course suitable for those technical officers 
and civilians who would go to the Design Departments 
of the Admiralty ooncerned with nuolear propulsion. 
At present all reactors under construction ‘for these 
@urposes are of the pressurixed-water type, and the 
courses are therefore aimed at this system. in particular 
and the small mobile reactor system it Rear 
rather than the large gas-cooled graphite- ted 
reactors used in the land-based power station pro- 


gramme. 
The course for the submarine officers and operators 
lasts six months and that for the designers one 
year ; both are of high academic standard demanding 
good mathematical knowledge, and cover atomic and 
nuclear physics, chemistry and metallurgy, reactor 
physics and kimetios, shielding and heat transfer, 
servo-mechaniams and control systems, and detailed 
information on the actual plant systems and com- 
ponents to be installed in the submarines. In the 
coase of submarines officers of H.M.S. Dreadnought, 
they, on successfully completing the course, proceed 
‘to the United States to undergo a period of practical 
training in sea-going nuclear submarines of the 
United States Navy. This facility will later be 
replaced by training on Great Britain’s own prototype 
at Dounreay when this ia commissioned. Those 
offloers and civilans who complete the 
six-months course and who stay on for the advanced 
course spend a further term in which the main 
emphasis is given to a detailed design study of a mobile 
reactor system, to additional experimental work, 
and to a series of lectures from experta from the 
Atomio Energy Authority and industry related to 
safety aspects, metallurgical topics including radiation 
damage and fuel elament fabrication, steam generator 
design and steam cycles, radiochemistry, advanced 
mobile reactor systems, and more detailed reactor 
physics and core design studies, relating to flux 
flattening, burn-up, control problems and the use of 

burnable poisons, eto. The design studies, alth 
at first concentrating on the pressurized-water 
systems, will gradually be extended to oover other 
of interest to marine propulsion, namely, 
` boilmg-water reactors, organic m ted reactors, 
high-temperature gas-oooled reactor systems and 


others. Thees lectures are supplemented by additional 
visita to centres of nuclear research, fabrication and 
construction. 

The six months reactor course is necessarily pre- 
dominantly theoretical but nearly a doxen basio 
physics experiments have been introduced to give the 
students familiarity with the detection and messure- 
ment of radiation, and basic health and safety pre- 
cautions and monitoring instruments. These cover 
the normal Geiger counter experiments, the measure- 
ment of half-value thickness of various materials, 
calibration of scintillation spectrometers, measure- 
ment of beta absorption curves, and the back-scatter- 
ing of beta particles. Some neutron transmission 
experimenta have also been introduced in which 
neutron cross-sections, as well es diffusion and 
slowing-down, lengths of neutrons, are measured. The 
neutrons for these experiments are provided by a 
neutron ‘howitzer’, essentially a carefully designed 

i neutron 


storage shield for ae iy i 
neutron howitzer consists 


source of about I o. 
ing the source. A number of 


been built by Vicksrs-Armstrongs (Aircraft) Ltd., 
and is largely based on their Mk. IT design modified 
in certain aspects to meet the specific requirements 
of the Department. These machines are based on 
analogue computer principles, and by means of 
electronic circuits the equations relating to neutron 
flux, reactivity and time in a nuclear reactor are 
continuously solved. Various configurations of fuel 
and moderator with an associated. range of prompt 
neutron life-times can be represented, and studies of 
the effectiveness of automatic control systems and 
the changes of reactivity due to fission product 
poisoning, temperature coefficient and thermal 
transient effects can be oarried out. The control 
panel instrumentation provides most of the important 
indications given on control deek of a full-sized 
reactor, including pen recording on logarithmio and 
lineer power scales, a logarithmic power-level meter, 
and a doubling time or period meter. Automatic 
start-up is provided, as well as a ‘demand-power’ 
function generator with meter display. A temperature 
effect is also built in, using & tem proportional 
to power, with a suitable time-lag, a temperature 
trip and a meter display of average coolant tempera- 
tare. Safety simulation is obtained by the inoo 

tion of various safety trips and interlocks to provide 
actual reactor safety ip responses. A large range of 
experiments oan be with the aid of this 
machine, js include reactor start-up procedure, 
approach maximum power-level, changes 
in reactivity, doubling time and ma ane, 
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Sub-critieal reactor. Natural uranhım light water moderated, neutron generator 
d loam ; 6, lateral angle; 6, ball look; 7, probe 
; movement hand wheel, 11, tank wineh pulley ; 13,180 sorew 
holes; 16, lattioe plate; 16, be; 17, fuel elements; 18, operator's 
ý tank (mreñected syatem) ; , alternative target holes; 28, ond frame 
winch ablo tensioner ; , tank cradle 27, large tank; 28, winch die and 





25, tank 
, Dall lock ; 31, lateral movement cable tensioner 
target. 35, target, 36, cooling water pipes, 87, ‘O’-type 


poisoning effects and simulation of ‘accident condi- 
tions’. It therefore provides a comparatively inexpen- 
aive training device very suitable for experiments 
following on the theoretical teaching on reactor 
kinetics and oontrol, and prior to actual power 
reactor operational training. 

It is planned also to install shortly a sub-critical 
reactor in the Department (Fig. 1). This is bemg 
built by Miles-Hivolt and is largely based on a design 
evolved m the University of Birmingham, suitably 
modified to the Royal Naval College requirements to 
provide additional flexibility in the experiments to be 
carried out with this equipment. The facility is a 
light-water moderated, natural urannom assembly, 
using @ small but powerful sacoelerator to produce 
neutrons. The latter can be used either as a contmu- 
ous or pulsed source of mono-energetic neutrons, 
free of the y-radiations emitted by most radioactive 
sources. It 1s easily transportable and can therefore 
be used independently for a variety of other nuclear 
phymice experiments. The five tonnes of natural 
uranium rods are in the form of as-cast uranium rods 
canned in aluminium, 48} in. long by 1-22 in. diameter. 
These are supported in two vertical lattice plates to 
form a horizontal array on a square pitch of 1-9 in. 
to an accuracy of better than 0 0031n. The assembly 
is supported in a space frame at a variable height 


$3 te plinth; $8 glighmen brane 
’ » CONG: > ’ ' 
scaling rings 


and contained within one of two stainless steel 
moderator tanks which can be winched into position 
and provide either an unrefleoted system with one 
tank, or some 6 in. of water reflector with the other 
tank. A dump tank, pump, and water treatment 
plant are also provided. A platform around the 
structure provides easy acoesa for the assembly and 
positioning of monitoring and oounting equipment, 
and a special traversing mechaniam is supplied to 
enable accurate positioning of such equpment in 
three dimensions to be carried out. A source tube 
1 m. ın diameter passes horizontally through the 
system and is coupled to the 150-kY. ion accelerator. 
The deuterium or tritium target for neutron produc- 
tion oan be placed at any position in the tube, which 
im turn oan be placed in any one of four alternative 
positions through the lattice. The accelerator, which 
requires & power supply of about 8 kV.amp. and a 
cooling water supply of 6 gallons per min., 1s capable 
of giving & maximum beam ourrent between 0:75 
and 1 00 m.amp. either with hydrogen or deuterium 
ions and can be operated contmuoualy, or with a pulse 
repetition rate between 0-65 and 3 ko./sec. giving a 
neutron output between 10° and 10% neutrons per 
sec. of either 3 or 14 MeV. energy, depending on the 
beam and type of target used. The advantages of 
using an accelerator as a neutron source instead of a 
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powerful radioactive source are that one no longer 
needs extreme care in thé ‘shielding, handling and 
transport of the source ;` one can literally turn the 
neutrons on and off at the turn of a switch, and no 
expensive and time-wasting re-irradiation of the 
source is required. Some of the experiments which 
will be carried out to give the studenta an under- 
standing of reactor core phenomena and essential 
design parameters include meesurement of buckling, 
multiplication factor, thermal utilization factor, 
criticality measurements, neutron migration lengths, 
prompt neutron reactivity, time constants of the 
assambly and neutron lifetime studies for prompt 
and delayed neutrons. The equipment, however, due 
primarily to the pulsed neutron facility, will also 
provide adequate opportimities for research to be 
undertaken by the staff of the Department. 

Other experimental rigs now being designed include 
two heat-transfer loopa, for gas and liquid heet- 
transfer studies, and a large-scale shielding experi- 
ment to be used in conjunction with the accelerator. 
To provide some additional experience with an actual 
critical facility short training visita are being arranged 
with Hawker-Siddeley'’s Nuclear Power Oo. at Slough, 
to enable students to become acquainted with opera- 
tional procedures and experimental uses of the firm’s 
10-kW. Jason reactor. It is hoped to obtain a more 
advanced computer than the reactor simulator 
mentioned above. 

The first full reactor course of six months has now 

® just been completed, and & second six-month course is 
about half-way through ita final term, as is the first 
advanced course. Results have been most encourag- 
ing, and it is evident that a firm foundation for train- 
ing in nuclear ion systems has now been 
established. Additional and more general courses in 
nuclear science and technology lasting two weeks 
and six weeks respectively are to be instituted in the 


NATURE 


547 


near future to cater for those concerned with other 
and broader aspects of nuclear propulsion. 

The ent is situated in one of the historic 
and beautiful buildings desi by Wren of the Royal 
Naval College, and although this posed some problems 
in its internal conversion to nuclear laboratories, the 
laboratories are provided, one on the third floor and 
one on the ground floor, each with its associated 
offices and instrumentation test facilities. That on 
the third floor, which is in close proximity to the main 
offices, lecture rooms, stores and electronic workshop 
of the Department, 18 used for the basio nuclear physics 
experiments involving, in the main, sources of only 
low activity, lees than 1 mo. Facilities 
are also provided here for preparation of specific 
sources from radioactive hquids. The other labora- 
tory is designed to provide storage and handling 
space for sources of several ouries of activity as well as 
facilities for the storage of any accumulated solid 
and liquid active waste. This laboratory will house 
the larger and heavier experimental equipment such 
as the sub-critioal reactor, heat-transfer loops and the 
large-scale shielding experiments referred to above. 
Consideration has also been given to the possibility 
of ultimately housing a low-power research and 
training reactor. Clean room, offices and adequate 
crane lifting capacity havo been provided together 
with a dark room for the processing of film used in 
some experiments and for instruction in radiographic 
techniques. The conversion of this laboratory is now 
practically complete and the installation and oom- 
missioning of the sub-critical facility in which the 
advance course students will participate will begin 
towards the end of September. 

Fig. 1 is a drawing of the sub-critical facilrty. 

I wish to acknowledge with thanks the permisaion 
of the Admiralty to publish this article. 


HUMAN AND OTHER ANIMAL CELLULOSE 


By Dr. D. A. HALL and H. SAXL* 
Department of Medicine, University of Leeds 


OR to the observations," that anisotropic 
fibres consisting partly of cellulose and partly of 
protem, exist as a minor but normal constituent of 
mammalian tissue, the only form of cellulose which 
could unequivocally be ascribed to the animal king- 
dom occurred in the tests of the tumoates. Evidence 
has also been advanced for the presence of cellulose 
in the outer layers of silk fibres from Bombyz mori’, 
and other species of silkworm, but there is no evidence 
that this material is m any way oriented, nor is ite 
identity proved beyond doubté. 

We have therefore investigated the origin and com- 
parative relationships of the cellulose-containing 
fibres of mammalian tissue. To do this, five different 
tissues have been examined, all rich in neutral 
polysaccharide, but differing markedly im site and 
function. These were: cotton fibres as representa- 
tive of plant cellulose, ic fibres from an 
affected area of the dermis of.a case of scleredema 
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adultorum of Buschke’, a preparation from aged 
human aortic media, finely dispersed material from 
the basement membrane of pig kidney and the mid- 
portion of the test of the tunicate, AscidisHa aspersa. 


Polarization and Electron Diffraction Observations 


Polarization and electron diffraction resulta were 
correlated. It has been observed previously*.’ that 
tunioin is composed of layers of interwoven anisotropic 
fibrils, and in addition it contains anisotropic fibres 
or lamells similar in all respects to those of mam- 
malian tissue. Frozen sections of human aortic 
tissue also show the presence of the mammalian type 
of enisotropic fibre resembling bly the eniso- 
tropic structures reported by t as early as 1948. 
Aortic tissue preparations were also obtained by the 
fractionation of the pooled media of aged human 
aortas (50-70 years old) after removal of the oo 
by exhaustive extraction with boiling dilute acetic 
acid’. Fractionation with boiling 40 per cent urea 


7+ 
a 





electron won pattan, demonstrated in 
was obtained (the method has been reported in ref. 2?) (x 


whieh the 


iato) 


solution gave, after dialysis and filtration, a solution 
of pseu ini! which also ocontained small 
anisotropic particles (0-05-0-1 mm. in diameter). . 
Particles of about similar size and having the same 
optical properties were observed in suspensions oon- 
taining reticulm from basement membranes of pi 
kidney obtained by ultrasonic dispersion (Figs. and 
2); although reticulin in its native state is normally 
regarded as isotropic". it would appear possible that 
the ultrasonic dispersion has revealed some material 
which has a marked degree of anisotropy. Dermis 
from the lesion of Buschke’s soleredemsa oontaimed large 
numbers of anisotropic fibres of mammalian type. 
Although X-ray diffraction studies give a fibre 
i for plant cellulose, this was not observed 
ith electron, diffraction studies?, smoe the small 
number of micelles gave a Debye-Scherrer diagram, 
which is characteristic of amorphous or polyarystal- 
line material. A fibre diagram was, however, observed 
for scleredema and tunicate cellulose with electron 
diffraction, methods, indicating a greater degree of 
orientation at this level of organization. Classifica- 
tion was, however, also possible on the basis of the 
relative intensities of the reflexions. Electron 
diffraction, of the aortic preudoelastin’* and 
renal reticulin preparations included reflexions which 
were indistinguishable from those of cellulose as 
exemplified by fibres from human dermal tissue, 
cotton or tunicm. The intensities of the various 
reflexions differed considerably however. The heights 
of the peaks in the densitometer tracings are recorded 
in arbitrary units chosen to suit each plate. No 
direct comparison can therefore be made between the 
absolute values in different tracings. Relative values 
are, however, comparable. The main observation 
which can be made from the two seta of curves 
(Figs. 3 and 4) ıs that the manifestly fibrous forms 
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(plant cellulose and that from human pathological 
intenaity from the O81 and O08 layers. EAE 
in ty e 021 002 layers. 

oriented material, on the other hand, shows a more 
general spread of intensities over a number of different 
reflexions. Tunic, although fibrillar, demonstrates 
a diffraction pattern similar in many respects to that 
of peeudoelastm and reticulin, and it is thought 
possible that this similarity may be related to the 
presence of a layered structure. However, the 
diffraction pattern of tunicin is characterized by the 
fact that the reflexions form ares, indicating the type 
of orientation which Mark and Susich"* ascribed to 
layers aligned at a constant angle. Similar arcos were 
observed in patterns from the fibres of scleroderma 
tissue, where cellulose sheets surround the protein 
template in layers. 

Not anly oan the various polysaccharides be 
identifled as having similar electron optical properties 
by the positiong of the various reflexions, but alao the 
human fibrous form oan be shown to react in exactly 
the same fashion as the plant material to partial 
hydrolysis with hydrochloric acid!*, which is acoom- 
panied by changes in the crystal structure character- 
ized by alterations in the diffraction pattern. The 
moet obvious change under the conditions employed 
here is an intensification of the third-order reflexion 
from the 021 layer relative to the adjacent reflexion 
from the 003 layer. As can be seen from Fig. 8, this 
oe be Soars: egaaliy da, Deen human ‘end plant 
cellulose. 


Biochemical, Histochemical and Electron 
Microscope Observations 


These observations were made on the reticulin and 
the pseudoelastm fraction from aorta. Following 
intradermal injection of pectinase into a guinea 
pig, microdissection of the reticulin layer of the 
dermal epidermal junction can be observed, and 
polysaccharide from this region is liberated into the 
tissue to form a broad bend with positive periodic 
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acid—Schiff reaction™. These observations could be 
related to the examination of bullous lesions of human 
dermis. In viro studies demonstrated that the 
amount of polysaccharide liberated, following pectin- 
ase action, is much greater from sclerodermatous than 
from normal tissue. Electron microscope examination 
of the pathological dermis revealed how the formation 
of cellulose fibres from this polysaccharide might 
occur. It was earlier? that the initial 
stage in the formation of anisotropic cellulose fibres 
in mammalian tissue may necessitate the presence of 
a protein template and that this might well consist 
of partially degraded collagen. In the case of reticulin, 
it appears that the template may in fact consist of & 
network of intact collagen fibrils. In pathological 
dermis, different stages in the transformation from 
retioulin-like fibrils to highly orystallme ones were 
obeerved. Cellulose micelles are preferentially 
adsorbed on to collagen in the regions of the a, b, 
and b, bands, thereby forming oomplexes which 
act as nuclei for the growth of cellulose crystallites. 

High concentrations of neutral polysaccharide 
were also observed in the pseudoelastin preparations 
from arterial media. Total polysaccharide and uronic 
acid determinations made it possible to deduce that 
the neutral polysaccharide was firmly bound to a 
protein fraction, the so-called pseudoelastin which 
followed collagen but preceded elastin into solution 
in urea solution. This particular protem has the 


Native plant cellulose 


Human dermal cellulose (untreated) 


Partially hydrolysed plant celulose 


Partially hydrolysed human cellulose 
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Fig. 3. Densttometer of diffraction 
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Ret plane 002 101 _ 101 002 107 101 oom 101 
indices (@1 101 O81 


4. Densttometer tracings of diffraction patterns from (e) 
basement membrane (of. Figs. 1 and 3), prepara’ 
Eee E 5, V1 a perpara ikos 


same amino-acid analysis as that reported for the 
protein fraction of anisotropic fibres in other tissues, 
and hydrolysis showed glucose to be the major sugar 
component. Not only was the solubility of old 
peeudoelsstin (67 yr.) greater than that of a similar 
preparation from young tissue (20 yr.), but also the 
amount of oellulose-like neutral polysaccharide 
associated with it was increased. Apparently this 
was linked with an aasociated decrease in mucopoly- 
saccharide content, since the total polysaccharide 
content was not greatly effected by age. 
Frey Wyseling’* has pointed out that interchain 
bonds in the oellulose crystal lattice do not 
lie in the plane of the pyranose rings (the 002 plane 
but in the diagonal 101, and to a leas extent in 10 
planes. The relative unimportance of the 002 
in preparations from reticulin, pseudo- 
elastin and tunioin may therefore indicate that planar 
alignments of the cellulose chains are formed in these 
D PAi T 
are deposited, as opposed 
to the three-dimensional orystal structure which 
resulta from deposition on a cylindrical template. 
Both reticulin and tunicin are known to be planar in 
arrangement, and it is to be expected that pseudo- 
elastin, ne Pee dried from solution, would 
crystallize in simplest possible form. That such 
a simple structure is in fact in the form of a planar 


550 


array has been demonstrated by Mukherjee, Sikoraki 
and Woods" for mechanically or chemioally dispersed 
plant cellulose microfibrils. It would appear there- 
fore that, in the of a suitable substrate, 
hydrogen-bond formation in the 101 plane completely 
supercedes any interchain reactions in other planes, 
with the consequent formation of a layered cellulose 
structure. In all these cases, however, the presence 
of reflexions of low but finite intensity from the 002 
plane must indicate that at least a portion of the 
polysaccharide has become associated with a template 
on which it is capable of forming a three-dimensional 
array and hence of produomg a fibril. This deduction 
is In complete agreament with the observations of a 
limited number of anisotropic structures m these 
preparations. 

The apparent similarity between the different 
protein polysaccharide complexes would appear to 
be of considerable significance. In all cases examined, 
the protein consista of either collagen or a degrada- 
tion ct of this, pseudoelastin. The nature of 
pseudcelastin has been discussed before!*. The 
present work demonstrates that not only does peeudo- 
elastin contain a basic ammo-acid pattern but it 
also 18 a protein polyssocharide complex. Only in 
the case of tunicin and the mammalian dermal 
fibres has the polysaccharide been unequivocally 
identified as cellulose. The pseudoclasim fractions, 
by the nature of their method of preparation, cannot 
be identified as single compounds, but evidence from 
electron, diffraction diagrams, examination in polar- 
ized light and chromatographic assessment of the 
sugar content of their acid hydrolysates would appear 
to indicate that the polysaccharide resembles cellulose, 
at least in so far as it consists in the mam of A(p)- 
glucose molecules joined through 1:4 linkages. 
However, sinoe similar anisotropic structures to those 
proved to contain cellulose can be observed in fibres 
containing chondroitm sulphate’, it may not be 
necessary for all the linkages between the sugar 
residues to be 1: 4. 

That tunioates may represent the ancestors of the 
vertebrates has been discussed by several workers'*,!?, 
and the mmularity between the procein fractions to 
which mammalian and tunicate celluloses are 
attached may represent further evidence in support 
of this hypothesis. It does not appear moonoeivable 
from the present observations that the polysaccharide— 
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protein complex of reticulin may have been developed 
phylogenetically from the ancestral neutral polysac- 

charide~protem complex tunicin, on the pathway 
from tunicate to man, since only quantitative bio- 
chemical and biophysical changes would be required 
for such a development. Pontecorvo’? has considered 
the possibility that evidence is available at a structural 
rather than a metabolic level for evolutionary develop- 
ment to be due either to changes in, or mamtenance 
of, speorfio genetical characteristics. The appearance 
of increasing amounts of cellulose-like polysaccharide 
in combination with protein in ageing aortic tissue 
may indicate that similar genetioal changes may 
ooour during the ageing of an individual. 

A fuller discussion of these results and their 
implications will be given elsewhere. 

The work wes mainly carried out while we were 
members of the Nuffield Gerontological Research 
Unit, University of Leeds. We thank Prof. R. E. 
Tunbridge, Dr. F. Happey and Prof. R. D. Preston 
for much oritical discussion, and Prof. H. Magnus 
for the specimen of dermis from a case. of sclere- 
dems, and Dr. H. J. Woods for densitometer 
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COMPARISON OF FISSION PRODUCT AND BERYLLIUM-7 
CONCENTRATIONS IN THE ATMOSPHERE ; 
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and L. K. BURTON 
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CINTILLATION spectrometry provides & oon- 

venient method of followmg the levels of specific 
y-ray-emitting nuclides, and, since May 1959, we 
have bean measuring the y-activity of atmospheric 
dust collected from surface air by an electrostatic 
precipitator at Sutton, Surrey’. Apart from one 
sample which contained material from the first 
French nuclear test*, we have been unable to mees- 
ure the relatively short-lived xirconiam-95 plus 


niobiam-95 in samples collected after Decamber 1959. 
We have therefore considered the principal y-emitting 
fission products of longer half-life’, ahown in Table 1. 
The 0:51 MeV. y-line of rhodium-108 was thought 
to be particularly suitable for following current 
trends m conoentrations of fall-out materials in 
the air. However, difficulties are encountered due 
to the presence of other nuclides with similar 


y-energies. 
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y-Energy (re V.) 


A Epon ordnat simples obtained miih +m- ayital 
Sue 1 5 ——, December 1950; —— —, rhodium-106 
reference standard 


Fig. 1 shows the y-spectra of two typical dust 
. samples, one collected during May 1959 and the 
other during December 10959, measured with a 
8 in. x 8 im. sodium iodide (thallium) crystal and 
100-channel analyser. The spectrum of a rhodium-106 
reference standard ia also shown and it is found that 
the position of the principal peak in the spectrum 
of the May sample differs by not more than half a 
channel width from that of the standard. One chanhel 
width of our eter de to an 
difference of 0 020 MeV. In samples collected after 
December 1959 small but mgnificant changes in the 
position of this photopeak were observed. Thus the 
position of the principal peak in the spectrum of the 
December sample is about 1-5 channels width from 
that of the standard, indicatmg an about 
0-08 MeV. lower than the accepted value of 0-51 MeV. 
for rhodium-106*. This peak decayed initially with 
a half-life of about 70 days. 


Detalled Analysis of 0-5 MeV. Peak 

In order to determine more accurately the ;-energies 
contributing to the peak in the region of 0-5 MeV., 
the y-spectra of several samples were measured using 
a l-in. cube sodium iodide (thallium) crystal which 
has a lower efficiency than the 8-in. crystal previously 
employed but an improved energy resolution (8 per 
cent at 0-66 MeV.). Part of the of our mid- 
February 1960 sample is shown m Fig. 2 and it will 
be seen that the peak at about 0-5 MeV. is complex. 
One component appears to be at an energy slightly 
higher than 0-50 MeV. This is probably due to 
rhodium-106 since in addition we have observed a 
small peak in the spectrum at 0-62 MeV. (Table 1). 
If it 18 aasumed that rhodium-106 is present, the 
intensity of the 0-62 MeV. Ime oan be used to estimate 
the contribution of the 0-51 MeV. line to the composite 


peak, since the relative intensity of these two lines is © 


known from the reference standard. The composite 
peak oan then be resolved into three components with 
maxima at about 0 515 MeV., 0-4764.0-003 MeV. 
and about 0:43 MeV. Each of these componente was 
found experimentally to have the same resolution as a 
single photo-peak of correspondmg energy, which 
suggesta that there are only three main components. 
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For the reasons given below, the 0-476 MeV. line has 
been attributed to beryllium-7 and the 0-43 MeV. line 
to antimony-125. 


Identification of Antimony-125 


Antimony-1235 is known to ocour 48 aera 
product’, and has been reported in soil samp en. 
neer the site of a nuclear losion’. Its possible 
occurrence in, has algo ‘, 

non Oe b0 ence of the 0:43 MeV. 
peak (Fig. 2) with the energy of the principal y-line 
of antimony-125, we have detected an X-ray line of 
0-027 MeV. which would be expected from the 
tellurium-125m daughter of antmony-125. The 
additional y-lines of antimony-125 at 0-60 MeV. and 
0-17 MeV. were masked by y-lines from other fission 
products (barium-187m, rhodium-108 and cerium- 
144). 

Evidence for the chemical identity of the nuclide 
responsible for the 0-48 MeV. y-line was provided by 
addition of antimony carrier to a dust sample, 
subeequent separation of the antimony fraction and 
examination of this by y-spectrometry. It may be 
noted that the material thought to be antimony-125 
remained associated with the insoluble fraction after 
evaporation of the sample with a series of concen- 
trated and dilute acids (perchloric, bydrochlorio, 
hydrofluoric and nitric). This marked ingolubility 
suggests that the activity was incorporated in highly 
inert, probebly fused, particles. The insoluble matter 
was fused at 600°-650° C. with a mixture of equal 
parts of potassium hydroxide, potassium carbonate 
and potassium nitrate, and with the addition of 
10 mgm. each of silver, antimony, cerium and 
strontium as carriers. The melt was leached with 
water and the lixiviate was found to contain the 
activity of being antimony-125. After 
acidification with hydrochloric acid, the Group 1 
precipitate was centrifuged out and the antimony 
recovered from the supernatant as thé sulphide, The 
y-spectrum (Fig. 8) of this antimony sulphide was 
identical with that of an antimony-125 reference 
source. 


Identification of Berylllum-7 


Beryllium-7 is known to ocour naturally’, being 
produced in the atmosphere by the interaction of 





yp Energy (ke¥.) 
Fig. 2 Detailed analysts of 0'5 MeV. peak obtained with 1-In. 
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Table 1. 

















* X-ray line, 


cosmic ray nucleons with nitrogen*. The energy of 
the main photopeak in the spectrum shown in Fig. 2 
was found experimentally to correspond very closely 
with that of a beryllium-7 standard. However, 4 
search of nuclear data tables‘ showed three otber 
posible nuclides with principal y-emissions in the 
energy-range of 0:46-0:49 MeV. and half-life between 
10 and 100 days, namely tellurium-129m, hafnimm- 
181, and curium-241. In view of the short half-lives 
(35—53 days) of all four nuclides it is unlikely that they 
would have been detectable if they had been producta 
of nuclear explosions. It is improbable that 
beryllium-7 is produced in such explosions’. More- 
over, the fact that beryllium-7 is continually produced 
in the atmosphere makes it the moet probable of these 
four nuclides as being responsible for the 0-476 MeV. 
peak. The absence of additional y- and X-ray energies 
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U SURFACE AIk OF NON-GASBOUS NUCLIDES 
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which we would probably have detected from any of 
the other three nuclides adds weight to this view. 

We now turn to the chemical evidence for the 
identity of this material. An appropriate dust sample 
was digested with 50 per cent hydrochloric amd 
containing 10 mgm. of beryllium as carrier, and the 
0-476 MeV. y-line was found in the spectrum of the 
extract. The ready solubility of the activity is m 
marked contrast to that of antimony discussed above 
and scoords with that to be from the mode 
of formation of beryllium-7, presumably as widely 
separated atoms. The solution was treated with an 
excess of ammonia to precipitate beryllium hydroxide 
and other hydroxides derived from elements such as 
aluminium and iron normally present in atmospheric 
dust'*, The mixed hydroxides were extracted with 
2-5 N sodium hydroxide to dissolve the beryllium and 
aluminium, leaving various hydroxides, notably that 
of iron, as an insoluble residue. The alkaline extract 
was next scavenged with hafnium by acidification, 
addition of hafnyl chloride and precipitation of 
hafnium hydroxide with excess alkali. Antimony and 
tellurium were removed together from the alkaline 
beryllium solution by suocessive acidification, addi- 
tion of tellurium carrier, and precipitation of the 
sulphide. The beryllium was recovered from solution 
by precipitation with excess ammonia. A further 
scavenge, analagous to that with hafnium, was 
carried out using cerium. The hydroxide scavenges 
should have removed any curium that might be 

t. 

In order to obtam, the beryllium as a small source 
for 8- and y-oounting, and to provide further purifi- 
cation, it was next ted from the associated 
aluminium. The tant from the cerium hydrox- 
ide precipitation was just acidified with hydrochloric 
acid and oxine reagent added, followed by ammonium 
acetate to complete precipitation of the aluminium. 
After removal of the aluminium oxinate by centri- 
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fugation, the beryllium was precipitated with excess 
E and mounted on a planchette. The 

of this precipitate consisted solely of a 
Tine at 0-476 MeV., and was identioal with that of 
a beryllium-7 reference standard. There was no 


meesurable B-activity. 


Relative Concentrations of Fisslon Products 


Table 1 gives our observed concentrations in air 
of fission producta associated with atmospheric dust 
during February 1960. Table 2 gives the relative 
activities of 8 number of nuclides e months 
after fission, computed from publi data? for 
different fissile materials various neutron 
eenergies. It should be noted, however, that these 
ratios may need modifloation when applied in the 
case of a nuclear detonation. It will be seen that the 
ratios rhodium-106 : carium-144 and rages A -125 : 
oerium-144 are sensitive to the type of fission process 
Taken together, our experimental ratios le 2) 
agree best with the theoretical values for 14 MeV. 
fission of either uranium-285 or uranium-238, and in 
particular the high antimony concentrations which 
we have observed do not appear compatible with data 
for thermal neutron fission of uranium-235. The 14- 
MeV. neutrons are unlikely to be produced in a 
normal fission process, but they could be the result of 
& fusion reaction. 


Concentration of Nudides produced by Cosmic-rays 
Relative to Fission Products 

Table 1 includes data for non-gaseous cosmic-ray 

produced nuclides. With the exception of beryllium-7, 

for which our measurements are quoted, the values 

are estimated from published concentrations in 

rainwater! on the assumption that the relative 
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amounts in air and in rain sre the same as for 

-7. Tb should be noted tha’ the activity of 
beryllium-7 measured by us lies within the range of 
values 0-5-15 x 10-7 o./litre of air (1-30 atoms 
per litre) reported in Ceanada in 1956". 

Table 8 contains some preliminary measurements 
of the specific activities of beryllium-7, rhodium-1086, 
and antimony-125 in air samples collected during the 
early months of 1960. ‘The seasonal rise in the 
beryllium-7 concentration is well known", and it is 
interesting to note that the fission-product concen- 
trations are changing proportionally. This is demon- 
strated by the constancy of the ratios of anti- 
mony-126 : beryllium-7 and rhodium-108 : beryllium-7 
activities. 


Table 3. ESODIUM-106, ANTIVOXY-125 AXD BMRYLLIUM-7 OoNCER- 
TRATIONS I AIR SAMPLES 











It is noteworthy that by the beginning of 1960 the 
specific activity of fission products ın the air at ground- 
level has fallen to a value comparable with that of 
naturally produced beryllium-7. The presence of 
beryllium-7 and antimony-125 complicates the estima- 
tion of the absolute amount of rhodium-106. 

We wish to express our appreciation of the guidance 
and encouragement of Prof. W. V. Mayneord, in 
whose laboratories the work was carried out. We 
also wish to thank Dr. D. M. Taylor for help in 
preparing reference standards. 
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OBITUARIES 


Dr. O. J. Silberrad 


Tus thinning ranks of those British chemists who 
were trained in Germany before the First Worid War 
were further diminished on June 17 by the death of 
Dr. Oswald John Silberrad at his home at Dryads’ 
Hall, Loughton, Easex, at the age of eighty-two. 

Silberrad was educated at Dean Olose Memorial 
School, Cheltenham, the City and Guilds Technical 


College and the University of Würzburg. In 1902, 
ab the early age of twenty-four, he became the first 


superintendent of the Chemical Research Depart- 
ment at Woolwich, which was under the ægis of the 
Wer Office. The new Department could claim to be 
the first to be created on modern lines specifically for 
armament research, although the Government - 
ization that is now the Chemical Inspectorate had 
from its inception, half a century before, concerned 
itself with research into materials and explosrves as 
well as with its primary function of inspection, and 
there was also & military experimental establishment 
concerned with ballistics. 
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The next four years were busy ones for the young 


(later 
TT and Dr. Harold Moore (later director, 
British Non-Ferrous Metals Research Association), 
among the seniors, survives him. 

This period saw not only the discovery of tetryl 
and of the means of causing lyddite to detonate 
effectively in shell (it had conspicuously failed to do 
this in the Boer War), but also the introduction of 
T.N.T. into the Service and research into flashless 

smokeless propellants and into steels for guns, 


to the Explosives Committee of 
the War Office, the chairman of which was Lord 
pee ecard In 1906, ee 

ilberrad resigned, to become 


‘conventional’ there i 
doubt that high offce and honours could have 
been his. 


His connexion with the armaments field was not, 
however, completely severed by a resignation, for 
in 1908 he was i the 


future of such vessels and liners had appeared some- 
what ee Also, m conjunction with the 
firm of Hotchkiss, he worked on erosion-reaisting 
steel for guns. Then, in the First World War he was 
honorary consulting chemist to the Ministry of 
Munitions. An outstanding achievement of this 


developed one for use in large howitzers. 
Silberrad was a brillant , and among 
other achievements of his fertile brain were & new 


leum 


when j was collecting 
connexion. with the golden jubilee of Silberrad’s old 


Armament 

of Supply. I was most hospitably and kindly received 
by Dr. and Mrs. Silberrad and given access to many 
old photographs and exhibits, over the assembly of 
which much trouble had been taken. This first, and 
unfortunately the last, personal contact with Dr. 
Silberrad. left an impression of a man of intense 
mental vigour, drive and alertness, in ite of his 
seventy-five years and the fact that at e time he 
had not fully recovered from an attack of thrombosis. 
Mrs. Silberred survives her husband, with the only 
son of the marriage. . 8. GRIW 
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Dr. Eric Ellenbogen 
Dr, ELLENBOGEN was born in Vienna in 1921 and 


in aye 
United Btates Army in India and Burma. After his 
discharge, he studied at the Brooklyn Polytechnic 
Institute, working on morganic plastics. In 1946 he 
entered Harvard U. University, received his M.A. in 
a and his Ph.D. in 1949 under the guidance of 
Dr. J. L. Onoley. His dissertation, deals with the 
determination. of the phynical-chamical properties of 
insulin. From 1947 until 1949 be was a teaching 
assistant in the University Laboratory of Physical 
i Related to Medicine and Public Health, Har- 
vard University. He was awarded a U.S. Public Health 
Service Postdoctorate Research Fellowship in 1949, 
which he held until 1951 in the Department of Bio- 


appointed 
of Biochemistry and Nutrition, Graduate ool of 
Public Health, University of Pitteburgh, and was 
promoted to assistant professor in 1952 and associate 
profeasor in 1957. 

In 1959 he took leave from his post at the Univer- 
sity of Pittsburgh to travel to the Weizmann Institute 
at Rehovot, Israel, to study with Prof. E. Katchalski, 
doing research on physical properties of certain poly-e 
popiitos ag models for certain proteins of biological 
significance. ee ee ee Weizmann 
Institute to the United States, Dr. Hllenbogen died 
occlusion in Marseilles on May 29, 1960. 

i children. 


learned societies. His contributions to biochemistry, 
include the study of the physical-chemical behaviour 
e pipiens TARA oe chemistry of 
idee, the isolation of a non-insulin 
En ak from pancreas, and the physical- 
chemics! characterization of cardiac myosin. 
Rosmer E. OLson 


Prof. Eduard Relchenow 


Epvuanp RaronsNow, the eminent German proto- 
zoologist, died on March 28 in his seventy -seventh 
year. He was born in Berlm and was the ot of 
a race versed in the natural sciences: his father, 
Anton, was a well-known ornithologist; his grand- 
father, Cabanis, a zoologist of note. He himeelf 
married Mnudrow, of international fame in the 
field of malariology and who collaborated with him 
in his later work on avian malaria; her death three 
years ago cast a cloud over his life from whieh he 


in Charlottenburg ; later he entered the Univernities 
of Heidelberg, Berlin and Munich, where he graduated 
in natural science. 

He was aæociated with the Institute of Tropical 
Medicine, Hamburg, for most of his academic years, 
first as a student, for many years as director of tte 

of Protozoclogy, and finally as ite 

ident. He travelled extensively in the pursuit of 
work, and some of theese journeys produced 
shred of great scientific value—the discovery of 
malaria parasites in gorillas in the Cameroons, the 


% 
ats 
ony 
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elucidation of the complicated life-cycle of Karyolysue 
other in Spain, and the tay A 


sleeping sickness in Africa, marine 
biology at Rovigno and in the Baltic. 
itself he studied the intestinal 
with his wife he described in- 
higoneay ia Piamodiun relian and othak avian 
species of malaria parasites. 

His careful observations on tho cycle of piroplasms 
in the tick led him to conclude thas this i 
group of protozoa belonged more probably to tho 
Sarcodina than to the Spororca, among which they 
ee ee ee eee ee 
act as a guide to their still unknown nature 

Reichenow’s work and tion, were consolidated 
in his successive editions of Doflein’s ‘‘Protozoology’’. 
Doflein’s widow asked him to undertake this task 
and he produced the fifth edition in 1929; tho sixth 
was not completed until 1952. The history of the 
latter provides a good illustration of his strength of 
character—the manuscript of the new edition was 
practically finished during the later years of the 


NEWS an 
i Physics at University College, London : 
Prof. J. Hamilton 


Dr. J. Hasorron has been appointed to the newly 
created second chair of physio eet College, 
London, from October 1 Seen Hamilton studied in 
the Queen’s University, and later began 
Bana aa ths Babin tains tee Aavaneed Grate 
under Heitler. During the War he was engaged on 
scientific work for the Royal Navy. After a brief 
ee 
niversity of Manchester he moved to Cambridge in 
1950 as lecturer in mathematics and was elected to 
& fellowship at Christ's College. Dr. Hamultan’s 
unterests have always lain on the ical side of 
mathematical physics, and during his time ab Cam- 

there has been a considerable strengthening 
in the amount of iœ available to students reading 
the Mathematical Tripos. He has also succeeded in 
forming an active group of young workers imbued 


p i content is also to be found in his recent 
ook, “The Theory of Elementary Particles’’, which 
contains valuable ae on phenomenology sa well 
as those dealmg with the development of quantum 
feld theory. The appointment of Dr. Hamilton to 


active in experimental high-energy nuclear physice. 
Mechanical Engineering at Cardiff : 
Prof. S. P. Hutton 


Da. 8. P. Horronx, who has been appointed to the 
new chair of mechanical engineering at the University 
College of South Wales and Monmouthshire, was 
edunated at Calday: Grango Grammar Sehaul ana tha 
University of Liverpool, where he graduated in 1941. 
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Second World War when a bomb fell on his house 
and the entire work was destroyed ; undeterred, he 
recommenced the task and completed it a few years 
later. 

Eduard Reichenow was a simple, quiet man, 
cautious and conservative in his scientific outlook, 
with an absence of flamboyance which did not 
detract from his ability to disentangle complicated 
problems in taxonomy or biology. His sound approach 
made him an ideal court of appeal, and he readily 
responded to requests for his opinion from all are 
of the globe. In these respecte he resembled the 
English protozoologist, the late O. M. Wenyon, whose 
views on many problems coincided with his own. 

He received many honours towards the end of his 
life: he was made an honorary member of the 
Society of Protoxoologista, given an honorary doc- 
torate of the University of Granada, and received 
special recognition from Munich on the occasion of 
the jubilee of his graduation. 

The death of Reichenow has left a gap in the ranks 
of protozoologista which it will take long, if ever, to 
fill. Bee Ne ey ee 

. C. GARNHAM 


d VIEWS 


After a period in industry, he joined the Aerodynamios 
Department of the Royal Aircraft Establishment in 
1942 and was concerned with the design, develop- 
ment and use of high-speed wind tunnels for research 
on sub-sonio and trans-sonio aircraft. During 


Sena! aM ee cee 
Technology, where he was awarded his P 
research on water turbines and fans. Since 1949 he 
i O e e 


East Kilbride, where he the design and 
commissioning of the h: ic machinery laboratory, 
eventually becoming of the Fluid Mechanics 


Division in 1954. During 1951-52 he was gent by 
the De of Scientific and Industrial Research 
to the Federal College of Technology, Zurich, where 
he carried out research under Profs. J. Ackeret 
and H. Gerber. Since March 1959 he has been 
deputy director of the National Engineering Labor- 


ydraulics Group Committee of 
the Institution of Mechanical Engineers and has been 
closely associated with the work of national and 
international standards tions for water 
turbines. He has travelled widely and in 1956 was 
a member of the British Hydroelectric delegation to 
the U.8.8.R. 


Chemical Technology at rsa! a 
H. Calderbank 


De. P. H. CALDHRBANK hag been appointed to 
the chair of chemical technology in the University 
of Edinburgh in succession to Prof. K. G. Denbigh, 
who is going to the Imperial Oollege of Science 
and Technology, London (Nature, January 2, 1960, 
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p. 14). The chair will be held concurrently with 
the ‘headship of the Chemical ena 
ment of the Heriot-Watt College. Dr. der- 
bank, who'is forty-one years of age, was educated 
at Palmer’s School, Essex, and at King’s College, 
London, where he graduated m 1940 with first- 
class honours in chemistry. He then jomed the 
Ministry of Supply (Explosives Division), where he 
was oo with tho maintenance and operation 
of heavy chemicals plant. Afterwards, he jomed the 
firm of Bakelite, Ltd., m Birmingham, and engaged 
ın several research and development projects con- 
nected with the manufacture of synthetic resins and 
polymers. In 1946, Dr. Calderbank was appointed 
lecturer in the Chemical Engineering Department at 
University College, London. At University College, 
Dr. Calderbank undertook research on the kinetics of 
reactions in fluidized beds of catalysta and was 
awarded the degree of Ph.D. In 1952, he. was 
appointed professor of chemical engineering m the 
University of Toronto, where he was an active mem- 
ber of the American Institute of Chemical eers. 
He joined the b of Scientific and i 
Research in 1955, and, after a four-month study tour 
of American universities and research establishments, 
returned to the National Chemical Laboratory at 
Teddington, where he proceeded to form and direct 
& research group of chemical engineers. This research 
group was transferred to the Warren Spring Labor- 
atory at Stevenage in 1958, and ‘ander Dee Dr. Calder- 
bank’s direction evolved into a team of forty workers 


process devel: 
member of the Instrtution of Chemical 

Panag ee alice Sage Mf the John Millon Modal 
for chemistry and the senior Moulton Medal for 


chemical engineering. 


Atomic Energy Research Establishment Appoint- 
ments 


Dr. F. A. Viox, at present deputy director of the 
Atomic Energy Research Establishment, Harwell, 
has been appointed director. Dr. R. Spence, at 
present chief chemist, has been appointed 
director, and Mr. L. Grainger, now head the 
Metallurgy Division, has been appointed sssistant 
director, with special responmbilrties for applied 
research. The new intments will take effect on 

1. Bir Schonland conmtmues as 
director of the Research Group, of which the Atomic 
Energy Research Establishment is a part. 


Overseas Civil Service 
Supplementary Pay and Allowances 


In statements made simultaneously in the House 
of Commons and in the House of Lords on July 28, 
it wags announced that, subject to Parliamentary 
approval of the expenditure involved, the Govern- 
ment has decided to offer to take over, where necessary 
m Colonial territories, the inducement pay and 
allowances of overseas staff broadly on the lines 
of the arrangements followed in most technical 
assistance schemes. Although financial arrangements 
have already been reached with Nigeria and Sierra 
Leone in the light of their coming independence, 
it is also proposed to offer them agreements on those 
linea and it is intended to apply the arrangements 
to the High Commission territories. The effect of 
these proposals would be that, while the local Govern- 
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ment would contmue to bear the local rates of salary 
and other condrtions of servioe, the British Govern- 
pes would bear the cost of soppy pay and 


responsibilty of the Government to maintain stable 
administration throughout the years of change 
preceding self-government, while presaing forward 
with the recruitment and training of officera from 
the local population. These new ta, which 
wil not cease with inde ence, demonstrate the 


Service. They would app wa all ita 15,000 members, 
and the cost is eatimated Secretary of State 
for the Colonies, Mr. Iam Ari veer at £10-20 million 
& year over ten years. 


Agricultural and Sclentific Research Overseas 


In reply to a question in the House of Lords on 
July 28, about agricultural and scientific research 
overseas, Lord Hailsham stated that both the 
Agricultural Research Council and the Department 
of Scientific and Industrial Research, like the Medical 
Research Council, have powers +o maintain research 
workers in overseas territories where this is in the 
national interest, and the Department of Scientific 
and Industrial Research has some research staff 
in stations overseas. Both the De ent and the 
Agricultural Research Council assist overseas terri- 


per 
limite of their resources, and. i for extend- 
these arrangements aro examination. 
While it is considered that existing powers should be 
adequate for any such extension, Lord Hailsham 
said that the Government would not hesitate to seek 
additional powers if necessary. 


India’s First Agricultural University 


Tua Government of India has approved the estab- 
lishment of an Agricultural University, the firet of 
ite kind to be planned in the country, at Rudrapur, 
m Uttar esh. The University, a product of 
Indo—American co-operation, will be set up on the 
model of land grant colleges in the United States and 
ig expected to cost Re. 1.90 crores. The 16,000-acre 
Tarai State Farm will be attached to the ia 
for use as a laboratory for research and 
The Uni will have three constituent coll 
an Agricultural College, a College of Animal 
Bcience, and a College “Of 


prehensive education in agriculture and allied sub- 
jects ee a cere tae 
pe sedge icular attention to developing rural 

competence. The decision to establish 
De Aa Daraa y a ba Sarad pee 
ticularly at the present juncture, when considerable 
emphasis is being laid on self-sufficiency in food in 
the third Five-Year Plan. 


Dental Research 


Tus Minister for Science, Lord stated. 
eee ae E 
diture on dental research of the Medical 
uncil exceeds £35,000, and a considerable 

investiga- 
tal cariœ at 


Ren 
proportion of this sum is used to sup 
tions into the early development of 
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all ages, Including the influence of biochemical and 
bacteriological factors, and the role of fiuorine, 
calotum and other elements in tooth formation and 
Tesistance to decay. amounts to 


This 
about 1 per cent of the Council’s total expenditure 
on medical research. He understood that the value 
of hand-produced sugar confectionery, i 


chocolate confectionery, in 1959, was £193 million 
and that the total consumption, based on prices paid 
by consumers, was £259 million. There is also some 
a A ar i ao a ne ag a e 
sities University Granta Committee, but 
Teresi hes a Lc tale cesta We ie 
in private institutions, the total effort falls far short 
of the country’s needs. Lord Hailsham pomted out 
ee ee ee ey ee 

research workers, and that the school dental service, 
betterment of which could do much to improve 
the dental health of the nation, is already handicapped 
by the shortage of dentists. 


Output of Power In Great Britaln 


Iw his addres to the British Electrical 
Power 7 iri on May 380, Viscount Chandos, 
discussing “Electricity—the New Horizon”, emphas- 
ized the great problems with which the increase in 
the capacity of generators faces the electricity manu- 
facturers. The five mam manufacturers of heavy- 
wer plant in Great Britain had a oa of not 
Jees than 7,000 MW. a yoor and the probable ep asad 
foe ow Adon 40 plats far tha Grid tila be Gus 
pea eae a year, leaving 4,250 MW. for 
export. The competitive power of Britain must be 
ae Core OY Soe abe ee iE thes 
ta had to ly below 7,000 MW. a 

SS a ie wae el aa To some 
Srat polmied out, eis emacs Gf Goaer tah 
Britam has to sell for export must depend on the 
of power in what are now described as 


y 
flation, Britain should seek to create new to 
matoh the ever-increasing sources Ree in wie 
science and technology had to offer. Besides the new 
horizona in the generation of electricity, there were 
new horizons in ite lication. Its use in the home, 
the mounting use of fractional horse-power motors, 
ite use in lighting and in conmunicstions, whether 


domestic eee a ait ever be 
Rope o Bosa eae ee a 
Free Trade Area, Lord Chandos emphasized the 
E Ee cy A DORE 


misusing 
aieia she wasto involved in four 
tenders for one nuclear power station. Without 
undermining competition, he suggested attempts 
should be made to co-operate more in fundamental 
ieee eo ee r 
open charge of having half a dozen 
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The Swedish National Committee for Physics 


Tas tenth general physics conference of the 
Swedish National Committee for Physics was held 
at the Royal Institute of Technology in Stockholm 
during June 1-3, 1959. In addition to a large number 


(Kamerli 
discussed the problem of orienting stomio nuclei at 
by 0. Minion Introductory papers were given 
oa e e i Ta T E 


Arkiv for Physik (18, 481; 1960). E aL 
deal with aspecte of Jagma and nuclear p oa, 
FerAl ice pnincencd WAR the tate qed examination 
of semiconductors. A number of new imstrumente 
and devices are reported. a 
Uppsala a high-precision curved Gt ha 
Guns spedectister of the Du Mond’ typ his 
Sonaericied ‘endl usad Tor ion measurements of 
the K- and L-levels in the heavier elements. Optical 
meee ae ee eee ee 
examination of spectral lme broadening (Royal 
Institute of Technology, Stockholm) and a une: 


of Physios, 
SEL oe asin tae woe ae Pal of 
excited states in the region < 10° seo., based on 
the high- deflarion of conversion sloctrons, 
has been tested. As a first step 

development of large bubble peered ges Saye pi 
the 1,200-MeV. electron-synchrotron at the Univer. 


windows has been constructed. This University has 
also produced a cylindrical aps i leas ea Gi 
which is of small dimensions (2-mm. diameter) and 
which utilizes a p-n junction ma arsenide 
semiconductor. The meter has a relatively low 
impedance and fast response, which makes it well 
suited for control measurements during X-ray 
therapy. 


Plankton at Freetown, Slerra Leone 


In work on the plankton of the estuary and the 
immediate offshore waters of the Sierra Leone River 
(Colonial Office. Fishery Publications, No. 13. : 
iv+48. London: H.M. Stationery Office, 1960. 35s. 
net) Mr. V. Bainbridge was faced with a two-part prob- 
teen tmpowsd by Ake alanstion ‘cf et and acy 

oonditi: 


moet of the phytoplankton within estuary con- 
sisted of benthio.forms and, at the offshore station, 
diatoms were relatively scarce. Very small numbers 
of diatoms st the offshore station during the dry 
season were coincident with a large standing crop of 
lankton, within the » 00 e in 

with those found m Long Island Sound 

and the Rio de Vigo. The zooplankton species 
appeared to be aubionted toa Sualthe oui Dora the 
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estuary during the wet season, with only a limited 
transport of a few species back into the estuary m 
the bottom current. Offshore, the largest variety of 
zooplankton species occurred late durmg the dry 
geason, and fluctuations in species composrtion and 
abundance seamed to be associated with the oceanic 
currents. The very heavy standing crop of phyto- 
plankton in the dry season did not appear to be 
utilized to anything hke the fall extent possible, 
ee eee he ee 
feedmg clupei Eithmalosa dorsalis. This fish, 
locally named the ‘bonga’, supporte an mnporbant 
TENETS DEP emay The thorough examination of 

the sequence of evente in this tropical estuarine aree 
offers a very useful model for the approach to 
many similar problems, particularly in other areas 
where a fishery for Bthmalosa may be of local 
importance. 


‘Telex’ and Inter-Library Communications 


To arouse mterest in the use of ‘Telex’ in mter- 
library communication a sub-committee of the 
Reference, Special and Information Section of the 
Library Association haa fled a directory listing 
131 libraries m the United Émgdom with acoess to 
‘Telex’ (Pp. i+15. London: Library Association, 
1960). The list was compiled on the besis of a queg- 
tionnaire sent to the 198 members of the Association 
of Special Libraries and Information Bureaux, the 
firms of which are hsted in the United Kingdom 
Telex Directory for October 1958, and to a few 
other organizations which had notrfled their interest 
m response to a notice in Aslib Proceedings of 
October 1959. The Directory is not for sale, but 
copies have been sent to public and special libraries, 
and rt is hoped thet the libraries listed will come to 
accept that ‘Teler’ can play a much greater part in 
library and information work in future, and that many 
more libraries will now consider it worth while to 
metal ‘Telex’. 


U.S. Translations of Russian Biological Publications 


Tas American Institute of Biological Sciences 
announces that t is now translating and publishing 
seven Rusaian research journals in biology. These 
translations are uced with support from the 
National Science Foundation. Hence the Instrtute 
is able to offer these translations at a fraction of ther 
publication oost, with further price reduction to 
members of the Institute and to academic and non- 
profit libraries. The journals currently being trans- 
lated are: Doklady (Biological Soiences Section) ; 
(Botanical Sciences Section); Doklady 
(Biochemistry Seotion) ; Plant Physiology ; Mioro- 

; Sovis Sol Sotence; and Pntomological 
Revvew. In addition to the translations of Russian 
biological journals, the Instrtute has mstituted a 
separate programme of translation and publication 
of selected Russian monographs m biology. The 
monographs that have been published are: “Ori 
of Angiospermous Plante”, by A. L. Takhtajan ; 
“Problems i the Clasarfication of Antagonista of 
Actinomycetes’, by G. F. Gauze ; “Marine Biology”, 
Trudi Institute of Oveanology, Vol. 20, edited by 
B. N. Nikitin ; “Arachnoides”, by A. A. Zakhvatkin ; 
and “Arachnida” , by B.L Pomerantzev. Further 
information can be obtained from the American 
Institute of Biological Sciences, 2000 P Street, 
N.W., Waahmgton 6, D.O. 
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Analytical Biochemistry 


Taa aim of Analytical B (published by 
Academic Presa, Inc.,-1, No. 1, 1960; 15 dollars) is 
to publish work on new and improved methods of 
preparation, en and analysis of substances 

which are of mterest to biochemists, biophyniciste, 
and others in related fields of expermmental biology. 
It will include contributions dealing with qualitative 
as well as quantitative methods of analysis, and with 
the design of tus and instruments. The 
first number (June 1980; pp. 95) contains, among 
others, commmnications on e photometry, som- 
tillation counting, separation of serum lpoproteins, 
and column analysis of nucleic acids. The editor is 
Alvin Nason, McCollum-Pratt Institute, Johns Hop- 
kins University, Baltimore. 


The Calouste Gulbenkian Foundation, Lisbon 


Tas trustees of tho Calouste Gulbenkian Founda- 
tion, Lisbon, have announced the grantes made during 
the first half of 1960. They include grants of up to 
£1,000 per annum for three years to British under- 
graduste scientific expeditions, given in consultation 
with the Royal Geographical Society, as follows: 
£250 to the Cambridge expedition to British Guiana ; 
£250 towards the Oxford expedition to the Peruvian 
Andes; £140 to the Oxford Women’s expedition to 
the Azores; £100 to the University of Oxford 
expedition to Cyrenaice ; and £50 to the Wye College 
Exploration Society ition to Morocco. Grants im 


‘ gid of educational institutions include £10,000 to the 


Oxford Institute of Education and £2,700-£3,400 
over two years to the Institute of Education, Univer- 
sity of Durham. Tho grante made m aid of education 
in Great Britain and the Commonwealth total 
£28,085. In Portugal, £100,257 has been granted in 
aid of science and medicine, cluding the establish- 
ment of a centre for the treatment of alcoholism and 
addiction at the Institute of Psychiatry ; campaigns 
against tuberculosis in Portuguese Guines, and 
maleria in the Island of Santiago, Cape Verde 
Islands: a total of £28,278 has been given to 
educationsl institutions. £9,000 has been given for 
scholarships for Iraqi technicians to study at the 
National Laboratory of Crvil i ing, Lisbon. 
Grants have also been allocated to institutions in 
Brazil, France, Chile and Iran. 


Abominable Snowmen 


Tx problem of the ‘Abominable Snowmen’ is dis- 
cussed by 8. V. Obruchev (Priroda, 10, 60; 1959), 
who a orttioal review of articles and 
books on this subject, beginning with Wajdell’s 
oer of 1898 about the hary wild man called 

et? by the Tibetans. In the Soviet Press durmg 
1957-59 there appeared a number of articles on 
this subject, especially on the possible presence of 
the ‘Snowman’ m the Pamirs. In 1958 a special 
expedition sent to the Pamurs to study this problem 
reported negatively, saying that the ‘Snowman’ 
existed only in local legends. Similar legends existed 
also in Mongoha. At the same time, numerous recent 
finds of teeth of a huge anthropoid st aia la 
pithseous—in China suggest that the T Yeti’ 
and the legendary ‘Snowman’ of the Pamirs and 
Mongolia may all refer to the former, or present-day 
but rare, presence of this type of ape in the 
high-altitude regions of the Himalayas and the 
Pamirs. 
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U.S.S.R. Fisheries Research by Submarine 


VALUABLE oceanographic and fisheries work has 
rig yd a a hy constructed sub- 
as described by V. P. Zaitzev 
pee ae 1959). The submarine is provided 
with a viewing apparatus, several projectors, mech- 
anical arms for collecting specimens from the bottom 
of the sea, echo-sounding apparatus and a cinema 
apparatus. The first sailing in the Barents Sea took 
oan on sega 14, 1958. Nine scientists were 
The second ion took place during 
Doub se 1958—January 21, pean in the northern 
part of the Atlantio Ocean, and which covered some 
4,000 nautical milea, aimed at the study of herring 
movements. 


National Science Foundation Awards for Graduate 
Research Facilities 


Tua U.S. National Science Foundation has awarded 
grants totalling 2,153,710 dollars to fifty-four colleges 
and universities to improve graduate research labor- 
atories. These grants are made on condition that the 
institution concerned provides at least 50 per cent of 
the funda needed. This 


at the same time stimulates self-help to the greatest 
extent possible by the institution. Granta provide 
for construction, conversion or modernization of 
laboratory facilities. 


* The Institute of Metals: Annual Autumn Meeting 


Tua fifty-second annual autumn meeting of the 
Institute of Metals will take place at Bath 


. The ‘will bo hald y at 
the Pamp Room and partly at Guildhall. uded 
in are such topics as: “Engineering 


for Cold Rolling Aluminium” ater 5); “Re 
oovery and Recrystallixation”’ “Engineering 
Drie tice of retiree o “The Relative 
Merite of Extrusion and Other Methods for the 
Manufacture of Bar, Rod and WireRod” and 
“Magnesium Alloys for Fuel-EKlement Componente” 
and the Worl The Autumn Lecture, on ‘Metals 

the World of Engineering Structures’, will be 

given by Sir Alfred Pugsley on September 9. 
Farther information oan be obtamed from the 


Secretary, Institute of Metals, 17 Belgrave Square, 
London, 8.W.1. 


Announcements 


Doamne the past few years, many entomologists 
have inquired for insect suction traps which segregate 
tha gaich By drooping disks ints the oclscting tobe. 
One firm may now agree to make the 9-m. Vent-Axia 
type (as described in Annals of Applied Biology, 37, 
80; 88, 582) for approximately £100 each, com- 
plete with time switch, provided fifty orders are 

. Will those interested please communicate 


, originally appo 

serena arty by Wis Pede Society 
the future of ita work in the field of biophysics, 
aada e a a aad EE 
to be known as the British Biophysioal Society. 
The chairman and secretary of the Oom- 
mittee are Prof. J. A. V. Butler and Dr. J. 0. Ken- 
drew respectively. The first scientific meeting of the 
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new Society will take place m London in December. 
A more detailed announcement, giving mformation 
about the new Society and about rts first meeting, 
and inviting inquiries from prospective members, 
will be made shortly. 


SuPPLAMANTS 9 and 10 to the Index-Catal of 
Medical and Veterinary Zoology issued by the aa 
States Department of Agriculture, June 1959 an 
April 1960, respectively, covering authora from A to 


Z, are now available Berrian 9. Pp. 1+322. 
1.25 dollars. Supplement 10. Pp. i+357. 1.25 
dolars. Wi n D.C.: Government Printing 


Office, 1959 and 1960). 


Tre fifth annual conference of the British Society 
for the Philosophy of Science will be held at Wills 
Hall, Bristol, during September 23-25. Further 
information can be obtamed from Dr. M. B. Heese, 
Whipple Museum, Free School Lane, Cambridge. 


Aw Internstional Congress on Experimental Mech- 
anios will be held during November 1-3, 1961, m 
New York City. Further information can be obtained 


Tus twenty-first National Oonference for the 
Preservation of the Countryside will be held at 
Weymouth durmg October 13-15. Further informa- 
tion can, be obtained from the General Secretary, The 
Council for the Preservation of Rural England, 
4 Hobart Place, London, 8.W.1. 

Tum Metallurgy Society of France is organizing & 
ae on “The Heat Treatment of Metals and 

during October 17-21. The meeting will be 
felt ai Maieee eas Chitin; 24 bios eae. 
Dominique, Paria 7°. Further information can be 
obtained from the Secretary-General of the Society, 
25 Rue de Clichy, Paris 9°. 


Tae tenth annual Instrument Symp 
Research Equipment Exhibit are to be held at the 
National Institutes of Health, Washington, D.C., 
during October 8-6 and October 4-7, respectively. 
Further information can be obtaimed from V. B. 
Devis, National Institutes of Health, Public Health 
Service, Bethesda 14, Maryland. 


Taa second International Plastics Exhibition will 
be held in Utrecht during October 19-26. Immediately 
the Exhibition, an international congress 

on “The Technology of Plastios ” will be 
held in Amsterdam during October 17-19. The 
is sponsored by the Association for the 


csium and 


Esrnatom. In the communication entitled “Syn- 
ergetic Aotion of 2(0-Methoxyphenoxymethy])-5- 
Oxazolidone on Morphine, Dihydrocodeine and 

”, by E. Fischer, J. L. J. 
Szabó and M. Stamburgo, in Nature of June li, 
p. R the authors state that they gave the chemical 
name of metoxadone incorrectly; it should read 
5(o-methoxyphenoxymethyl)-2-oxazclidane im both 
title and first line of text. 
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GRADUATE SCHOOLS IN BRITISH UNIVERSITIES ` 


f suggesti 
made show the fast-growing importance of Oxford as 
a centre of graduate study, particularly in the sciences, 
and the urgency of catering for the needs of this 
graduate population in new ways. Clearly, there is 
among Oxford dons a body of informed. opinion oon- 
scious of practicable measures which might be taken 
to help to deal with the situation. But the report 
of the Committee has wider implications, too. 

In 1989, out of some 5,000 students at Oxford, 520 
—or about 10 per cem—were reading for advanced 
degrees or diplomas; by 1960 this number had 
grown to 1,758 out of nearly 9,000, or about 20 per 
cent. ee ie Smears eer Yo tine Cave 
ment are the greatly increased numbers of granta 
graduate work, the spread of the practice that 


sities Who want to work at Oxford. Not merely have 
the modern universities much moze than twice the 
student population that they had vwenty years ago, 
but also Oxford and have an unrivalled 
attractiveness both as places of learning and as 
prestige institutions (‘‘above the social strife’). For 
many a graduate they have, consciously or uncon- 
sciously, something of the re i of an Athensum 
Club as well as of a university, short though they are 
of bedrooms and somewhat deficient in comforts. But 
00 far neither hes quite caught up with itself ae a centre 
of greduate migretion. Traditionally, nA be ac 
places at which to get a good undergraduate educa 

tion, in a college, between the ages of eighteen and 
twenty-one or so. To-day, however, 92 per cent of 
Oxford’s graduate students are more than twenty-two 
years of age, and a quarter of them more than twenty- 
five ; 56 per cent come fram other universities and are 
strangers to Oxford. Many are married, and of these 
the majority have their wives with them; an appre- 
ciable number have their children, as well. 

What is being done to meet the problems brought 
about by this state of affairs? The colleges provide 
some living accommodation, and a certain amount of 
wise advice is given about lodgings by the University 
R But some of the lodgings are up to fifteen 
miles from Oxford itself 


accommodation are considerable ; 
ee 
the surrounding air beses. The Committee 
elves Gres colleen Gata rE ao AEE 
graduates from other universities the privil of 
at least their first year in college ; 
University ought to be bold im building flats for 
married couples and in making grants or loans to 
colleges to help them to convert houses for the use 
both of single and of married studenta. 


ween Undeerstty Geestls, Bupp. to Issue No. 3048 (Juns 16, 
1 . 


But the graduate may find a roof to cover him and 
still remain a lonely man, with remarkably little to 
make him feel that he really belongs not merely to 
& laboratory or a department but also to the Univer- 
sity—and this at a time when it may be of great 
importance to him to feel that he does so belong. 
He may, it is true, be a member of his college junior 
common room and go to lunch at Halifax House 
(424 of the 544 members of which, incidentally, are 
science gradustes), but Halifax House suffers from 


hoped that a new building for Halifax House will be 
included in the major building programme for 1964— 
68"'. One would have expected a note of greater 
urgency than this.) That graduate common rooms 
should be provided in the colleges is an admirable 
suggestion (only one college at presant has such a 
room); so is the idea that ‘study rooms’ should be 
made available for the use of married graduates 
living out. It would be a great help, too, if the 
Delegacy of Lodgings made itself an active centre for 
relaying information affecting the residence outside 
college of members of the University. In the wealth 
of their information services, their skilfully compiled 


older and newer universities in Britain. 

It has to be remembered that many of the men 
and women going from modern universities to Oxford 
and Cambridge as graduates will not have been 
resident before, either at school or in & university. 
This is a new start for them, an introduction to a 
wider world than they may have hitherto experienced. 
fo E E 
their honours school at ‘Redbrick’ the diverse and 
yet friendly community which a good collage oan be : 
and their time at ‘Oxbridge’—im a fresh environment 
and with widening horixons—may find them ready 
to be newly and intimately receptive. But the defect 
of the British social system generally—and one which 
on cocamon has applied to graduates going up to 
Oxford and Cambridge, whether from ‘Redbrick’ or 
from overseaa—is that ib leaves so many feeling that 
they are not quite within the inner circle. This 
defect is one which the Committee certainly had at 
the back of ita mind. Ita suggestions are essentially 
suggestions about how to make Oxford a more potent 
educational force in the lives of the graduates studying 


significance than for Oxford or ‘Oxbri : - 
cernible here is a shift in attitude to the whole 
problem of the welfare and education of the graduate 
students and a recognition that if his contimued 
studies are to give him not merely more knowledge 
and a further degree but also continued—and general 
—eduoation he must be considered in hia own right. 
The development of graduate schools of character 
and power is not dependent on the provision of 


~ 
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remain unduly orientated to undergraduste needs. 
Yet the proportion of graduates will rise everywhere 
during the coming ten, twenty, thirty years; at 
some unrversities indeed (at the Imperial College of 
Science and Technology, London, for example) this 
policy is already Gon Tong implemented. 

In period when it is the done thing to marry and 
heve children early, especially in the professional 
clagses, and when a parental means test for the 
graduate student must before long become a thing 
of the pest, is enough thought being given even in 
the modern universities to the problems involved ? 
The idee of raising the percentage of graduates 
accommodated in halls of residence by 4 variety of 
means, including the addition of ally penaa 
halls for graduates, must be consi t some 
universitios already a fow houses have bean admirably 

to yield numbers of flats for graduate 
ts (though sometimes at the risk of isolating 
the graduate further from the life of the university) ; 
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and there are several active graduate students’ 


councils. But needs and aptitudes of the 
graduate for a ee 


ion, ag well as for research 

training have been little 
No doubt, Oxford and ridge are likely for. 
some years to come to be magnets to graduates from 


increasing 
selves (Including some from Oxford and Cambridge) 
and rt is surely good that this should be so. Experi- 
ence of two universities of differing temper and 
situation is often likely to be more enriching than of 
ane only. 

This pioneer report from Oxford is much to be 
welcomed—for its encouraging facing of local facts ; 
for ite wealth of practical ideas; but also for the 
example it gives other universities to set in motion 
corresponding investigations and to think thoughts 
of. their own on their provision for the graduate 
within them. W. R. Nieterr 


THE INDIAN OCEAN EXPEDITION 


HE ppoe Aa aisa on Oceanic Research, 
aE and Helsinki m July, 
was seb Up ths tional Council of Scientific 
Unions in 1957, on the grounds that a new inter- 
national scientific organization was needed to 
strengthen and promote research in marine science. 
It was to initiate joint programmes in consultation 
with the scientific unions and other organizations. 
The Committee met for the first time in the Wooda 
Hole Oceanographic Instréution in August 1958, and 
among other measures proposed a jomt expedition 
to the Indian Ocean. Ty Wied to tbbeee the area moit 
likely to attract the attention of scientists, where the 
work would appeal to world organisations which 
promote science and human welfare, and where better 
understanding is likely to prove most immediately 
useful to the surroundmg countries. The Indian 
Ocean, was an obvious choicet. 

The complete change-round of some of its currents 
in response to changes in wind direction will give 
physicists a fairly unique opportunity to study 
factors that influence water movements. Better 
knowledge of acoompanying biological changes will 
improve our quantitative understanding of factors 
that control oceanic productivity. More detailed 
information about the distmbution of fish—especially 
those that live in mid-ocean—in relation to the 
boundaries between currents and water layers should 
advance fisheries science and be readily usable. The 
Indian Ocean, is an ocean with exoeptional and 
prominent features. The exchange of energy between 
sea and air has much to do with the monsoon 
winds, pacer E tae term forecasting 
of their onset and intensity will be very useful. We 


marginal conditions. In geophysics, as in other 
anede Br renner fue” yeaa Sete 


Tra “cubist St ayaa a sce Slants by Gaede bie 
the anticipated success of a new scheme has rightly 
bean questioned, and there is no doubt of the sin- 
cerity and good intentions of the editor of the 


privately circulated ‘Indian Ocean Bubble”, which 
hag voiced very reasonable opposition. He does not 
quite gay that skilled young scientista who form the 
real backbone of our research laboratories will be 
swindled by the promoters, but he criticizes the pros- 
spectus which probably has promised too much, and 
sounds a clear warning about the ill effects of hm- 
dering new approaches and critical experimenta by 

too much regimented and routine work. He makes 
chilling reference to recent books, ‘The Tragic 
History of the 8ea’’, by O. R. osa three accounts 
of disastrous early Indian Ocean expeditions—and 
“The South Sea Y Bubble”, by John Carswell—a 
general popular account of the venture that he 
frightens us with. 

The effort devoted to marine science is, however, 
in no way commensurate with the magnitude, variety 
and difficalty of the problems it has to solve, and 
after a hundred years work, much of it devoted to 
fishery problems, we have little idea about the dis- 
tribution of current with depth m any ocean. We 
can quote another editor who hailed the de aa 
one of our greatest expeditions to the 8 
with the words, ‘Wo may wait, it is true, ele pales 
to centuries to come, the toils, the glories acd the 
hopes of science, or we may rely on an easy effort 
distributed over length of years for the acoomplish- 
ment of much that vigorous exertion might now 
effect". He continues, ‘ are secrete of Nature 
we would fain see revealed while we yet live m the 
fleah—resources hidden in her fertile bosom for the 
See tue co e ea a aea La 

Ce eee oe eee eee ve 
Balan ee ea oe ome 
or benefited by the other, we must lay on power 
both moral and p ical without grudging and with- 
out stint’. Bo aber & More encouraging reference 
tee pea ie ee 

“Nmam die Zogernde sum Rath 

Nioht zum Werkzeug deiner That” 
These admonitions appeared in the Quarterly Review 
120 years ago, and they are as timely and well- 
intentioned as the new cautions. 
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Extensivo investigation of the South Atlantic 
Ocean by the German Meteor Expedition in 1925-27 
did much to advance marine science, and there is 
little doubt that concerted effort with our new tech- 
niques m the Indian Ocean will meet with similar 
success provided we give ourselves as much time to 
learn, from it, and avoid too much organization a8 a 
pattern. of things to come. Perhaps the new venture 
follows too soon on the International Geophysical 
Year surveys, but the organization and the problems 
are being approached very carefully, by the research- 
minded scientists as well as those who pee the need 
for some campaigning. 

The planning and operating of programmes is being 
done by national commrttees for oceanic research. 
Growing mterest in them has elready sent research 

ips from the United States and the U.8.8.R. to the 
Indian Ocean, and useful obeervations are also bemg 
made by H.M. ships and Royal Australian 
Navy frigates. At the of activity, covering the 
north-casterly and -westerly monsoons of 1962- 
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68, there may be as many as twelve ships working in 
fairly close co-operation. It is expected that a ship 
from the United Kingdom will be there, and that she 
will play an effective part in the programme as well 
as serving as a base for scientista whose work m likely 
to be advanced by special observations in Indian 
Ocean conditions. 

The Special Committees on Oceanic Research chose 
Copenhagen and Helsinki for its meetings because 
many marine scientists were already at Copenhagen to 
take part in intergovernmental discuasions arranged 
by Unesco, and at Helsinki to participate in the 
scientific meetings of the International Union of 
Geodesy and Geophymes. There is much careful and 
detailed work to do. Those taking part will be 
heartened by the recent announcement from the 
White House of active support to the U.8. con- 
tribution for which the National Academy of Sciences— 
National Research Council is Se responsible. 

G. E. R. Deacon 
1 Bee Nature, 188, 804 (1957). 


WATER RESOURCES IN THE UNITED STATES 


HE preasure of growing populations with rising 
standards of living increasingly brings water into 
focus as a basic raw material in need of both study and 
conservation. Nowhere is this realized more fully 
than im the United States, where development in a 
wide range of activities is at present limited by water 
supphes. As a result of Senate Resolution No. 48 
of the eighty-sixth Congress of the United States a 
Select Commurttes on National Water Resources was 
set up in 1959 to study the extent and character of 
water resources activities to provide the 
future quantity and quality of water needed for all 
segments of the economy in the United States. 

Headed by Senator Robert 8. Kerr from Oklahoma, 
this Commrttee has now bean at work during the 
past year and has within a short space of time pro- 
duced an impressive array of reporta on a wide 
variety of hydrological topice*. Although confined 
to the United States, many of these reports have 
relevanoe to water problems that the United Kingdom 
and the Commonwealth face, and it is the aim of this 
review to indicate the coverage of the reports so far 
available together with their main conclusions. The 
speed with which the Select Committee has produced 
a great body of useful basio material is notable, snd 
this has been achieved by the Committee calling upan 
existing authorities and organizations to provide the 
appropriate hydrological information. 

Reports aválahla tn June 1000. and prmied Tor iha gee State 


Select Watonal W Resources of the United States 
fonate pursiant eee tion No. 48 of bho eee ee 


No.3 Rai anon Water ii Raa 


the Past Fifty 
Yours, otour 1080 : No. 3, National Water Resouross and Problems 
January 1960; Mo. 4, Surface Water Reaouroos OF ihe United States, 
January 1060; Wo. 7, Future Water ta for Munisipal Use, 
January 1960; No g thon Abatement, January 1060; Mo. 18, 
Land and Water Potentals and for Water, 
1050; No. 13, Hatimeted Wa ta for - 
cultural moea on Water . Deœm 
ee? pasa d Sere on 10, W: oak OF AM, 
; No. 10, Wa 
January 1060; No. 20, Water Resources of Hawaii, J: 10960; 
No. 2, , February 1000. No. #2, 
Wee o. £8, Hya Red: 


Redustion 
ther January 1080; poraiicon 
and Control, Degember 1950 0. £4, sates Guality Manage- 
ment, 1 , Mo. 25 River Worecssting 
November 1959 ; ao 26, Sealine Water Conversion, 
iie 27, » Appheafion end Roots of Nusiear Rnergy, 


As a result the reporta fall into a number of natural 
groups largely related to the reporting department, the 
stage being set by No. 2, where the Legislative 
Reference Service of the Library of Congress reviews 
and summarizes the work of more than 20 commissions 
or committees which have investigated national water 
policies and problems in the United States during the 
past fifty years. With few exceptions previous study 
groups have paid little attention to the questions 
which the Senate has placed before the present Select 
Committee ; notably, “How much water develop- 
ment is needed ? When is it needed? Where is it 
needed ? What should be the pattern of water 
development ? What amounts of water will be 
required in relation to various levela of population 
and economic activity? What are the economic 
limite of water development ?”’ 

One of the first authorities that the Committee 
turned to for basic information was the Geological 
Survey ; this has prepared orte Nos. 
8 and 4 dealing with the national valet resources, 
both surface and underground, and related problems. 
In addition to furnishing titative mformation 
showing the use of water, the availability of water, 
and the amount of storage required to maintain 
certain rates of rver-flow, report No. 8 identifies and 
discusses water problems in the flelds of supply, 
variability, distribution, natural ity, pollution 
and floods. The report indicates t almost évery 
part of the United States faces current or potential 
water problems. An estimated water use in 1960 of 
250 thousand million gallons of fresh water a day is 
projected to rise to 600 thousand millon ons & 
day by 1980. This fortunately still falls considerably 
short of the estimated manageable supply of 1,160 
thousand million gallons a day, but it does mean. that 
in many areas much water will have to be used over 
and over again and that pollution abatement becomes 
critical. Report No. 4 presenta in tabular and map 
form the surface water resources of each State. Data 
on average, Maximum, and minimum discharges in 
cubic feet per second, and average annual run-off in 
acre-feet at key-pomte within each State are given, 
together with a very interesting set of maps showing 
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comparative river-flows. This report really sum- 
marizes in a most effective way the annual surface 
water ly of the United States. 
orie Nos, 7, 0 and 24 emanate from the Depart- 
ment of Health, Education and Welfare ; these deel 
with the future water requirements for mounicipal 
use, pollution | abatement, and water quality manage- 
ment ely. At the turn of the eatery 
about 80 million people m the United States had a 
municipal water supply and were usi some 3 
thousand million gallons a day. In 1954, the number 
supplied had mareased to more than 100 million people 
and these were using 16 thousand million gallons of 
water daily. This is an average rate of nearly 150 
iy lite cay ee ean lore eee ee 
200 gallons a da; person in same towns. These 
figures of ine J ude Poh. trade and domestic use. 
Report No. 7 shows that with medium rates of 
growth of population this level of water consumption 
will probably rise to 29 thousand million gallons a day 
by 1980 and 48 thousand million gallons a day by the 
year 2000. With a high rate of population increase 
the figures would be 33 thousand millions by 1980 
and 58 thousand millions by the year 2000. Assuming 
that certain stimulanta of municipal use continue to 
occur and taking a maximum population increase, a 
ceiling of 48 thousand millions by 1980 and 88 
thousand million by the year 2000 is theoretically 
le. Daily consumption per capita might then 

of the order of 225 gallons. If cities are to continue 
to supply their residents with adequate supplies of 
olean fresh-water much forethought is clearly going 
to be necessary. 
Repart No. 9 from the same department deals with 
pollution, and directs attention olearly to the 
magnitude of the problem which oonfronts the 
United States in ite search for clean water. In 
addition to the normal problems of disposal of sewage 
and ordinary industrial wastes, many new types 
of pollution have recently appeared. Synthetio 
organic chemicals, radioactive substances and 
newly identified viruses and other disease-produo- 
ing mioro-organisms are the problems of principal 
oanocern. 

The third report from this Department, No. 24 in 


the limitations of streams 
as waste carriers, and econamios of water pollution. 
It points out that the growing demands for water 
va limitations on developable supplies mevitably 
imply a greater re-use of river-flows, and it further 
emphasizes that many areas are rapidly running out 
of clean water. 
Nos. 12, 18 and 28, have 
ent of Agriculture, and 
these deal respectively with land and water potentials 
and future requirements for water, along ed A 
mente of water for agricultural purposes, 
needs of water resources research. Report No. 12 
confirms that the use of water for agricultural 
purposes is the largest consumer of water in 
the United States, even though im recent years 
withdrawals of water for industrial purposes have 
exceeded those for irrigation. Generally, 
more than half the water withdrawn for irrigation is 
consumed by eva tion and transpiration, while 
lees than. a tenth of the water withdrawn for industrial 
purposes is lost. Agriculture also becomes of increas- 
ing signifleance in the water problem because of the 
growing trends in the United States to irrigate the 
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humid areas as a means of increasing yields of crops. 
The report shows that the diversion and storage of 
water for irrigation in 1954 was 195 million acre-feet, 
of which 115 million acre-feet were actually used for 
irrigation. On the basis of projections of medium-level 
popaletians the Department of Agriculture estimates 

ente of water for irrigation ın 1980 will 
sal to 181 million acre-feet for storage and 
diversion with 114 million acre-feet actually used for 
irrigation. This somewhat surprising and weloome 
reduction emerges as & result of assuming the appli- 
cation of known improved methods of water manage- 
ment. Failing, however, the adoption of these 
improved methods of storing, transporting and using 
irrigation water, enormous additional amounts of 
water would be required. 

In addition to the direct use of water for agricul- 
tural production there are a number of other pro- 
grammes in the United States for the conservation 
and development of agricultural land which affect 
water resources. These include the run-off and water- 
flow retardation schemes, soil erosion, tion, and 
watershed improvement. Report No. 13 deals with 
the im ions of these: at present programmes 
for treatment have been put into effect on some 
18 per cent of the crop-land, pastures and woodlands. 
This should increase to $2 per cent by 1980 and 52 
per cent by the year 2000. These programmes will, 
it is thought, deplete downstream flows by 4-5 
million acre-feet in 1980 and by 7-8 million acre-feet 
in the year 2000. These amounts are small in 
comparison with the ta of irrigated 
agriculture and are not thought to be problematical. 
Report No. 28, also prepared by the i alee of 
Agriculture, lists the research which will be needed if 
the best use of water is to be made in the production 
of essential agricultural and forest products. This 
report shows a welcome awareness of the im 
of water as & prime raw material worthy of care and 
conservation. 

The next group of reporte, Nos. 32 and 25, emanate 
from the United States Weather Bureau and deal 
with weather modifloation, river forecasting and 
hydrometeorological analysis. In the broadest sense 
weather modifloation includes all man-made 
in natural conditions of weather and climate. It 
applies to a wide variety of atmospheric phenomena 

in scale from miaro- to mscro-conditions. 
Report No. 22, however, deals primarily with cloud 
modification as a means for rainfall, As 
only 5-15 per cent of the available moisture in a 
cloud system reaches the during a rainstorm, 
it is obvious that even a slight increase m the amount 
of precipitation could have a tremendous effect on 
water supplies. It has been held that this possibility 
therefore justifies the very oongiderable expense 
that has so far been incurred in artificial rain- 
To date, however, the Weather Burean has had to 
admit that much uncertainty still remains in the 
resulte of cloud seeding and in the praotioal utility 
of present methods of artificially increasing rainfall. 
The Weather Bureau also has the responsibility of 
forecasting river-flowa for the purpose of reducing 
flood damage and the prevention of loess of life from 
floods, and report No. 35 deals with future needs and 
possibilities for improvements in this service as a 
means of increasing the usefulness of available water 

A farther group of reporta, Nos. 19-21, 28 and 26, 


emanate from the Department of the Interior. Nos. 
19 and 20 are straightforward accounts of the water 
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resources of Alaska and Hawaii respectively. Those 
two States have been considered separately from the 
continuous area of the United States as so many of 
their water problems are different. The report on 
Alaska shows that four main blems will hmder 
water supply development in the far north: these 
are the winter freeze and permafrost, the presence of 
glacial flour, impervious consolidated rocks limitmg 
ground-weter storage, and problems of waste disposal 
in the wmter months. It is mtereeting to note that 
irngation is being employed m Alaska and that 
eventually this should grow to 50,000 acres. The 
potential of water-power 18 enormous and more than 13 
million kW. could be developed at some 168 sites. In 
Hawaii the main problem appears to be the unequal 
distribution in both time and place of the precipi- 
tation, and this produces recurrmg water shortages 
despite the abundant ramfall. Immediate problems 
are not, however, mosapeble of solution. 

Reports Nos. 21 23 may be taken, together 
as these deal respectively wrth evapo-transpiration 
reduction, and evaporation reduction and seepage 
control. Evapo-transpiration is the transfer of water 
to the atmosphere from plants and other surfaces as a 
result of normal evaporation of precipitation, and 
also transpiration, which is the release of water vapour 
to the atmosphere in the process af photosynthesis. 
The Department of the Interior reporta that oppor- 
tunrties for improved yields of water through manage- 
ment of vegetation appear favourable on some 15 per 
cent of the area of 17 western States; with a 
possibility of i water-yields in amounts 
ranging from about 1 to 6 inches in certain forest areas 
of heavy precipitation to as low aa 0:25 in. in the 
pmon-juniper regions. No increase at all is possible 
on the semi-arid lands covered with grass and shrub 


which make up the greater ion of the south- 
weet United Btates. The t bas also 
investigated the effect of losses from phreatophytes, 


the water-loving ‘well plants’ which cause a major 
loss of water along rivers in the western States. 
These cover some 16 million acres and discharge 
20-25 million acre-feet of water mto the atmosphere 
annually. By controllmg the phreatophytes it should 
be possible to save some 6 mullion acre-feet of water by 
1960 and up to 12 millon acre-feet by the year 2000. 
Much water is also lost from irrigation worka 
by seepage and evaporation, and it 1 estimated 
that improvements im irrigation water conveyance 
works could save up to 4-5 million acre-feet by 
1980, 

Report No. 26 is concerned with the increasingly 
important topic of saline water conversion. The 
search for means of tapping this obvious unlimited 
source of water has taxed the ingenuity of man for 
many centuries, and practical methods for desaliniza- 
tion of ocean water in smal! quantities have been used 
on shrpe for more than & century. Attention has more 
recently been turned to the construction of large-scale 
land-based plants. A programme of research was 
launched in the United States in 1952 and further 
enlarged in 1965. In 1958 Congress authorized the 
construction of large-scale experimental demonstra- 
tion plants, and this programme is now under way. 
In spite.of rising prices the cost of converting sea and 
brackish water to freh is continually being lowered. 
‘Before the Second World War it stood at 4 dollars 
upwards thousand gallons : the new experimental 
planta ould be converting saline water to fresh for 
lega than a dollar per thousand gallons, while processes 
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now in the laboratory etage.give prome of 
conversion-rates below 650 oente per’ thousand 
gallons. This report details all the-current and 
proposed fundamental research, and is & real 
mine of information for those concerned with this 
problem. i 

Finally, there are two other reportas of mtercst : 
from the Tennessee Valley Authority comes No. 16 
on flood problems and tm the Tennessee 
River Basin, and from the Atomic Energy Commission 
there 13 No. 26 dealmg with the application and 
effecta of nuclear energy. The flood problem is the 
converse of the problem of water shortage and, like 
the United Kingdom, the United States has had in 
most parte a multipleity of authonties dealng 
separately with problems which are really integrated. 
Programmes for run-off and water-flow retardation 
and prevention of soil erosion have been the responsi- 
bility of the Department of Agriculture, downstream 
flood-control works have been in charge of the Corps 
of Engineers : reclamation work falls to the Bureau of 
Reclamation. Other authorities are responsible for 
the development of power, public water supply, 
irrigation and so on. In the Tennessee River Basm, 
however, there 1s an example of an integrated river 
basin development which is a model of rts kind. Here 
the Authority covers an area of about 40,000 aq. 
miles and has in ite charge all aspects of the hydro- 
logical cycle. It was therefore mvited to present to the 
Select Committee any suggestions as to how its 
experience might be applied to the major water 
oe in the United States. In report No. 16 it 

some interesting recommendations, more par- 
ticularly in the sphere of development oontrol in 
flood plain areas. 

The particular water needs and problems arising 
from the development of atomic energy are dealt with 
in report No. 27 prepared by the Atomic Energy 
Commision, It is not thought that the irements 
and applications of nuclear teahnology have any 
major effect or impact on the development of water 
resources up to 1980, but the need to recognize the 
importance of control of water-dispersed waste radio- 
active products ıs stressed. 

It will be clear that the 600 p and innumerable 
diagrams, maps and tables in these 18 reports present 
a unique and up-to-date picture of the water problems 
facing the United States. The willingness to look 
ahead, initially to 1980 and then beyond to the year 
2000, at low-, medium- and high-level population 
densities reveals an awarenees of the moreaamg 
importance of water in the future; and of the 
necessity for the present generation to plan for the 
water needs of the next. In contrast, the British 
Central Advisory Water Oommittee in its recent 
reports was not prepared to look in any detail beyond 
1965—which is almost upon us already. A com- 
parison between the two seta of reports also reveals a 
quite different attrtude of mind and approach to 
essentially the same problems—notably in the case of 
irrigation in the humid areas. It 1s to be hoped that 
the United States Benate Committee reporte will 
become known in Great Britain to all those concerned 
with the great variety of aspects of the hydrological 
cycle; notably watershed management, storage of 
water, supply of watar, cantrol of the quality of water, 
pollution, salme conversion, and irrigation. The 
reports throw much new light on the increasingly 
important problem of water conservation. 

W. Q. V. BALONIN 
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cence OF SCIENTIFIC PERSONNEL IN EUROPEAN COUNTRIES 


a’ Toad 


IN PROCESS OF 


HE ienai of scientific personnel is common 

to all Kuropedn countries, even those which have 
a long tradition of scientific and technical develop- 
ment backed by powerful resources. Industrialized 
countries face ever-increasing requirements, while 
countries which are primarily agricultural and oom- 
mercial now feel the need to build up their mdustrial 
potential m order to compete with the rest of Europe 
and raise their standard of living. 

For such countries the shortege of scientific 
personnel is particularly acute and raises problems 
which are most urgent. Chief of these, according to 
Rector Capelle, director-general of the Institut 
National des Sciences appliquées, in a recent re oF 
European Productivity (No. 35; April 1960), 
ea es een Ga ici aie, 
broadening of secondary education to include tech- 
nical subjects ; training of engineers; development 
of scientific research; and the development of 
university-industry relations. 

Industry’s demand for scientista and technicians 
and the generous salaries offered are frequently a 
severe handicap to the recruitment of science teachers. 
Teachers’ salarios must be raised if the necessary 
teachers of high calibre are to be found for the rising 
school population. This applies not only to secondary 
schools and technical colleges but also to the uni- 
veruities themselves, where too often a professor's 
salary at the end of his career is no more than that 
offered to his students on entering industry. A further 
demand for teachers comes from industry itself, 
where the old system of training skilled workers and 
technicians on the job must be supplemented by 
proper training courses providing the appropriate 
general education at each level. 


E Vol ‘Sed ake a nea ae young people 
to become icians or engineers, and to attract 


Pon 


DEVELOPMENT 


children from families obseæed with the idea of 
classical education, the traditional secondary educa- 
tion ahould be broadened to include technical 
subjects laying the foundations of a technical haman- 
ism supplementing, and in no way conflictmg, with 
traditional humanism. In all secondary education, 
the laboratory and the Eeke should now be 
used as instruments of learning in the same way as 
books, which still have too much of a monopoly. 

In countries in process of development, engineers 
are trained to a high level and in physical conditions 
in no inferior to those prevailing in countries 
with a long-established technological tradition. 
Technical faculties or universities engineers 
are compelled to make a strict selection of candidates, 
but this is a good guarantee of success. Many 
students who cannot find a place in the higher 
educational establishmente of their own country go 
to a foreign technical university. This additional 
supply of engineers—sometimes as much as 50 per 
cent—is not always appreciated. 

The methodical morease of means of production 
imphes making provision for research. It might seem 


- enough to leave the responsibility for research to the 


countries beet equipped for it. This would in the end 
be detrimental to young industries. The organization 
of scientific research will become a vital necessity for 
all countries and will call for the combination of all 
human and material resources ; the Government, the 
universities and industry must all co-operate, and 
here the university oan play a leading part without 
any loss of dignity or independence. 
lied scientific research is one of the Imks to be 
lished between universities and industry, two 
worlds which are much too far apart in most countries 
in process of development. Industry should not be 
governed purely by a shopkeeper mentality. 


EAST AFRICAN VIRUS RESEARCH INSTITUTE, ENTEBBE 


HE report of the East African Virus Research 
Institute for July, 1958-June, 1959 by the 
acting director, J. D. Gillett, shows that the approach 
to virus studies is still eesentially ecological—using 
the, word in its widest sense to cover interaction 
between virus host and environment (Pp. ii+49. 
(Nairobi : Government Printer, 1960.) 5s.). Atten- 
tion has again been confined to those viruses which 
are transmitted to man by arthropods; 60 different 
viruses are now known or suspected of being arthropod 
borne. Mosquitoes are involved or suspected in the 
tranamiseion of no leas than 48 of these, and man has 
been implicated ın 47 of them. Twenty-six of these 
- viruses have been found in Africa, 14 of them coming 
from East Africa itself. Eleven of the 14 East African 
viruses were originally isolated m the Institute, 
three of them during the current year. 

The isolation of viruses from the living vertebrate 
host, including man, is often missed because of the 
transient nature of the viremia. Nevertheless, in 
addition to several strains isolated during an outbreak 


of yellow fever in the Congo, five isolations have been 
made in East Africa from man ; three of these in the 
period under review were from members of the 
Institute staff. Three of the five East African isolates 
appear to be new agents, or at least new strams. One 
of the others was an accidental laboratory infection. 
of Weeselbron virus, and opportunity was taken of 
keeping full clinical and physiological records of the 
course of this very unpleasant disease. 

More than 20,000 wild mosquitoes were caught and 
Processed in the laboratory, but no virus isolations 
wero made. This is the second year in which this 
usually fruitful source of virus has been unproductive. 

The work started the previous year on a possible 
vaccine against Nairobi sheep disease, the virus of 
which apparently involves man as well as sheep, has 
been further developed. The first field-trial with the 
new imental vaccine carried out in collaboration 
with the Kast African T iasia Research 
Organization at Sukulu has fully jnstifted earlier 
hopes. 
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Antibody" surveys in local residents have been 
extended by increasing the number of sera tested and 
by widenmg the spectrum of viruses used. Positive 
reactions have been found in, all but one of the ten 
agente used. Surveys of birds were started again, but 
no positive resulta have been obtained. 

Results of the antibody surveys on & large number 
of hippopotamus sera have given unexpected results, 
and are difficult to interpret. A high proportion of 
the sera has given positive neutralization against all 
five viruses tested. 

Laboratory studies on the viruses of Rift Valley 
fever, encephalomyocarditis, Semhki Forest fever 
and yellow fever have been carried out in rodents, 
primates, birds and insects respectively. 

The outetanding event of the year was the oom- 
pletion of the 120-ft. steel tower in the Mpanga Forest. 
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This has brought about a considerable expansion in 
the work on the biology of mosquitoes and other 
blood-sucking flying inseots. 

The succesaful transmission of virus by mosquitoes 
depends partly on an adequate extrmsio Incubation 
period during which the virus multiples in the insect 
and reaches the salivary glands. Thus, if a species of 
mosquito is short-lived in Nature, rt is unlikely to take 
part in virus tranamission, even though rt may be an 
efficient transmitter in the laboratory. It is of great 
importance to be able to tell the age of wild-caught 
mosquitoes. While this can be done in oertain species 
with considerable accuracy by dissection, it would be 
an advantage if such determmation could be correlated 
with external features. Work on this problem, started 
in 1951, was taken up again two yeere ago and has 
been continued and extended. 


THE CARNEGIE UNITED KINGDOM TRUST 


HE forty-sixth annual report of the Carnegie 

United Kmgdom Trust, covering the year 1959, 
the fourth of the present quinguennium, is largely an 
account of the working out of ideas, schemes and 
projecte approved and announced some time ago*. 
During the year, however, the Trustees have noted 
signs of voluntary work being richly leavened out of 
all proportion to the contributions made by the 
Trust, but while, as public onsibility for education 
at all stages has in Penal, ths opportunities for the 
Trust have correspondingly diminished, the Trustees 
continue to find voluntary efforts that are unsup- 
ported, or inadequately supported from public funds. 
The quinquennial provision of £50,000 in aid of 
museums and art gallery development has been 
absorbed proportionately over the four years to the 
end of 1959, and it seems likely that the uncommitted 
balance will suffice to meet claima upon it in the 
remaining period. Assistance to the Museums 
Association was continued, but last year’s grant was 
reduced to £1,200, in the expectation that the 
Association will thereby be encouraged to become 
self-supportmg. A gratifymg feature was the number 
of museums, earlier grant-aided by the Trust, that 
put in hand substantial schemes for enhancing the 
display of their collections and for improving their 
services generally. 

Much of the work of the Museums Joint Com- 
mittee is concerned with improved museum lay-out, 
and during the year a further twenty reporte were 
commissioned in connexion with applications for 
grants for methods whereby collections may be more 
attractively and dynamically displayed ; and arising 
from the recommendations of these and earlier reporte 

totalling £9,065 were offered to seventeen 
museums and art ies. After considering im 
consultation with the Ministry of Works, the Ancient 
Monuments Board, the National Museum of An- 
tiquities and the Society of Antiquaries, a proposition 
to rebuild a medieval structure at the north-east of 
the mam block of Iona Cathedral to serve ag & 
lapidarium to house the numerous historical sculp- 
tures in and around the Oathedral, the Trustees 
approved a grant of £6,000 to rebuild the medieval in- 
Smary tobe wed ovenaly aa a masoumn of athe 
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treasures, but meanwhile to house the most important 
stones until ẹ permanent lapidarium is provided. 

Up to the end of 1959 the Trust had received 1,287 
applications from the committees of pre-war village 

, serving small rural communities, for assistance 

in meeting the cost of renovating and equipping their 
premises, and of these, 1,081, ting a total 
commitment of £181,588, had by that date been 
successful. In consultation with the Scottish Council 
of Bocial Service the Trustees have also adopted a 
modified scheme which will make it easier for such 
small communities as thoge on remote islands off the 
coast of Scotland to embark on the improvement of 
their halls. Grante totallmg £8,190 were promised 
during the year towards the building of five new 
village halls in Hire, and under the scheme for pro- 
viding film projectors and screens for the use of 
crofting communities, equipment was installed or is 
about to be installed in thirteen places in the High- 
lands. A review of progress in, the seven, schemes for 
extending into rural areas the advice services avail- 
able m urban districte through the Citizens’ Advice 
Bureaux, mdicates that the experiments have been 
worth while and the services will be continued when 
the Trust’s grant terminates. The committee set up 
to study and discuss the development problems of 
new communities also made satiafactory 
and the report emphasizes the primary feed for 
leadership m such communities. P Tho National 
Federation of Oommunity Associations was promised 
a grant of £5,500 to finance a two-year joot. for 
training full-time community centre The 
first group of trainees completed ther course in 
March 1959, and a second group started a similar 
course in the autumn of 1959. Annual grants were 
also made to the various national councils of social 
service, and a grant of £6,500 in annual instalments 
towards the establishment of the North Ireland 
Association for Mental Health, a like amount being 
provided by the Government of Northern Ireland. 
A grant of £2,500 over the first two years was offered 
towards the cost of an experimental publicity cam- 
paign for three years by the Liverpool United Volun- 
tary Organization for the maintenance of voluntary 
social service. 

In education, the Trust 178 bursaries, 
totalling £454, with the Field Studies Council 
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and the Soottiah Field Studies Association. Most 
of the grants in 1958 for fleld work im archmology 
were towards the fees and expenses of visiting experts 
acting as directors of excavations and field 
work. Up to 1958 astronomy was the only purely 
physical science which had qualified for inclusion in 
the Trust's scheme for the development of amateur 
scientific activities oub of doors. 


£1,000 over 1959 and 1960 towards a scheme pre- 
pared by the Royal Meteorological Society. The 
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work during the first season of the Conservation 
Corps showed a substantial untapped reservoir of 
potenttal pablo anys ee ee 
cost of a scheme for providing in the Queen 

Forest Park a hill-top view-point with indicator and 
shelter at the highest point on Duke’s road in the 
Trossachs and a hill-top pavilion near Aberfoyle. A 
grant of £12,750 was made to the Homecrafts 
Advisory Association for the Disabled, established 
by the Central Oouncil for the Oare of Cripples, to 
finance the development of the Association over five 
years. 


THE ONTARIO RESEARCH FOUNDATION 


HE annual report of the Ontario Research 
Foundation for 1959 includes a list of papers 
published during the year and a list of the professional 
and technical staff (Pp. 40. Toronto: Ontario 
Research Foundation, 1960). i 
grants for postgraduate 
In biochemistry, work continued on long-term pro- 
jects such as the effect of dietary fats on blood 
cholestérol-levels, the development of a self-contained 
domestic sewage unit, the evaluation of spruce bark 


ae clear understanding of the tanning 
tialities of lignin has been obtained and no 
eR eet E Oh ee The 


ly, and bagio research was con- 
tinued on stereo-specific catalysts for the polmer- 
ization of 1-butene. 

In engineering and metallurgy ore dressing work 


ale a asthe Mes Rhine amet 
properties of magnetites and hmmatites. A major 
project in process metallurgy was a continuation of 
the jot programme, and basic research m 
physical metallurgy was largely concerned with a 

study of the fatigue of metals. A possible 
method for measuring residual microstresses was 


indicated as well as for studying the ductile—brittle 
transition zone m certain alloys. An extensive 
examinstion of steel and cast-iron mains and services 
formed part of a more general investigation of safety 
in natural gas distribution systems for the Ontario 
Government. 
In parasitology, research comprised a survey of 
parasites of trout in certain lakes in Algonquin Park 
and an investigation of gh anne eel T pre 
two tapeworms in trout; investigation of selected 
; investigation of life histories of blood 
parasites of birda and the posbilitie of their trana- 
and blood-sucking insecte in relation to their 
feeding habits and the importance of insects in 
blood parasites. 

In the Physics Department, basio research centred 
around the production and application of electron 
beams. Development of the atmospheric electron 
probe with X-ray spectrometer continued. An 
optical bench for imvestigating electron beams of 
wide cross-section was designed and its construction 
almost completed, and construction of a fluorescent 
probe for the University of Toronto Institute of 
Aerophysios was completed. In physiography an 
intimate knowledge of the soils and climate of 
Ontario continues to be built up, and in studies of 
crops a heat index was derived from growth-chamber 
resulta in Indiana and applied to thirty years records 
at the Central Experimental Farm at Ottawa. In 
textiles, continued research on wool sought new and 


crease resistance and fabric stability 
has been made with the use of epoxy 
of vapour phase reactions with epichloro- 


SOCIAL DEVELOPMENT THROUGH FAMILY AND HOME 


HE report of the conference on “Social 

ment through the Family and Home,” which 
was held at St. Hugh’s College, Oxford, during 
September 7-25, 1959, under the auspices of the 
Secretary of State for the Colonies, has now been 
published (Pp. ii+94. (London: HM. Stationery 
Office, 1960.) 4s. net). 

The 


social development in Bri 
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sole beg from four international organizations, 
from the Colonial Office and from the Secretary of 
State’s Advisory Committee on Social Development. 
The report directa special attention to the role of 
the family as a basic unit of society, and to the need 
for Governments to adopt a social development 
DOS Pee re a E OR ot aB a 
economic change. Ft recommends the establishment, 
in overseas territories, of ‘ministries of social develop- 
ment,’ supported by departments or services with 
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trained workers, and the setting up of social develop- 
ment councils to advise Governments. Among ite 
recommendations on the trainmg of social service 
workers, the report points out the need, in rapidly 
changing societies, for trained workers. Their traning 
should for preference take place in the territomes in 
which they will work, although it recognizes the 
advantage of some additional training overseas for 
occupants of the highest posts. 

More specifically, the recommends the 
introduction mto schools of education for family life, 
80 that both boys and girls may learn to play a happy 
and considerate part as young people and later as 
adults in the circle of their familes and friends. 
Informal education among adults “is one of the most 
umportant ways of establishmg a right relation 
between formal schoolmg and social development”. 
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Turning to food, nutrition and health, the report 
advocates the study of dietary habita, consumer 
education, and community development campaigns 
to mmprove health and hygiene. Recognizing the 
importance of housmg, it calla for advance considera- 
tion of the needs-and custome of those who will live 
in houses which sre bemg planned. Against the 
background of economic development, facilities for 
employment of women, the establishment of day 
nurseries, mdustrial welfare, social security and 
recreational facilities are considered to assume 
increasing importance. The report describes as 
mnportant the availability of advice to families and’ 
as urgent the need for study of the legal status of the 
family, with particular reference to the new patterns 
of family life emergmg as a result of industrialization 
and the growth of towns. 


LABORATORY-TEACHING OF LANGUAGES 


ITH the aid of mechanical and electronic 

devices, studenta may now use entire class 
periods for practice in reading, and com- 
prehension during language ore peasions 
(Industrial Bulletin of Arthur D. Little, Ino., No. 873; 
March 1960). 

The language laboratory system emphasizes the 
‘hearing and speaking’ approach which is endorsed 
by the Modern Languages Association of the 
United States and the American Council of Learned 
Societies. The studenta are exposed to ther new 
material on an essentially private basis. In 
general, comprehension, performance and speed 
of learning are greatly improved under the new 


system. 

The Federal Government has recognized the need 
of language laboratories by providing support for the 
new facilities, as well as sponsoring scientific research 
on the mechanics of language teaching. Many col- 
leges, high schools and even private industrial firms 
have installed language laboratories, where studente 
attend at least once a week. Eventually such labor- 
atories may become so widespread that college 


entrance requirements in language will include oral 
as well as written teste. 

In class, studenta sit in semi-sound-proof isolation 
booths provided with earphones; a master tape- 
recording ıs played, and the teacher may project 
slides or other visual aids simultaneously. Master 
tapes may be pre-recorded and catalogued and filed 
like library books; special text-books and exercises 
accompany each tape. Well-placed pauses in the 
tape allow the student to repeat phrases ; the whole 
class is monitored by the teacher, who may tune m 
to make correctaons of inflexion and pronunciation. 
Special instruction may be given to individuals 
needing ib most, thus solving in part the familar 
olase-room problem of dividing teaching time equally 


among ; 
laboratories are not intended to replace 
teachers, but to supplement them. Although, under 
the new students can progress faster than 
under the old, and will have more opportunity to 
develop their conversational abilities, the teacher 
will stul be needed to explain linguistic structure, to 
correct errors, and to prepare good master tapes. 


IONOSPHERIC MODIFICATION OF THE RADIO EMISSION 
FROM JUPITER 


By Fror. ALEX G. SMITH, T. D. CARR, H. BOLLHAGEN, N. CHATTERTON and F. SIX 


Department of Physics, University of Hortda, and Maipu Radloastronomical Observatory, 
University of Chile 


HE sporadic long-wave-length radio-frequency 

energy emitted by the planet Jupiter is received 
m the form of brief pulses, the majority of which range 
from about 0-2 to 1:5 sec. in duration. Occasionally 
the radiation is very intermittent, with pulses occur- 
Ting singly, or at most in twos or threes. However, 
it is more common for the energy to be received in 
complex bursts of pulses, with each burst lasting from 
a few seconds to a minute or more. 

An experiment reported in 1958 by Gardner and 
Shain! has thrown considerable doubt on the real 
origin of these details, suggesting that many of the 
features may originate in the terrestrial ionosphere. 


In this experiment, antenne spaced 35 km. apart 
were used for mmultaneous reception of outburata 
from Jupiter, and the received signals were compered 
by means of high-speed pen recordings. Although 
only one completely satisfactory pair of records was 
obtained, it seamed to demonstrate clearly that there 
were important differences in the signals received at 
the two sites. 

We have recently repeated this experiment, using 
a much longer base-lme. One antenna was located 
at the University of Florida Radio Observatory, 
lat. 29° 38’ N., long. 82° 21’ W., while the other 
antenna was at the Maipu Radioastronomical Observa- 
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tory of the University of Chile, lat. 33° 80’ 8., long. 
70° 53’ W. The separation of these sites is 7,040 km. 
Identical receivers were employed at the two Observa- 
tories, both receivers bemg orystal-controlled at 
18.000 mo. /sec. to eliminate the possibility that differ- 
ences in the records mi be osused by spectral 
features of the radiation. The recorders were Brush 
high-speed mechanical oscillographs, havmg response 
times of the order of 0:02 sec. ; they were operated at 
a paper speed of 5 mm./seo., which experience has 
shown is adequate to resolve the details of the pulses. 

Simultaneous records of good quality, showing 
extensrve Jupiter activity, were obtained on three 
nighte in early 1960. On March 23 the reoords over- 
lapped for 31 min., on Maroh 24 for 51 min., and on 
March 29 for 77 min. Table 1 gives the ciroumstances 
of the observations. Time indications were put on 
all records, either by direct recording of the WWV 
time broadoaste, or by means of a chronometer 
calibrated against WWV; it is believed that the 
timmg was reliable to + 1/2 seo. Examination of 
these recorda immediately confirms the existence of 
striking differences in the signals at the two sites. 
While limited sections of the records show fair correla- 
tion of the mdividual pulses, other sections differ so 
radically that by actual test it proved to be impossible 
to oorrelate the records unambiguously without 
reference to the time marks. In Fig. 1 is shown 4 
period of moderate activity which is rather typical 
of a number of intervals during which the pulse-to- 
pulse correlation was reasonably good. To facilitate 
comparison, the more obvious correlations have been 
indicated by means of letters. Fig. 3 shows a short 
section of the recards in which the correlation is 
much poorer. Particularly interesting is the aingle 
pulse a, which seems to be replaced in the lower 
record by a series of five or six peaks. 

Careful study shows that many 
of the grosser differences m the 
records can be explamed as the 
result of alternate fadmg or seint- 
lation at the two stations; and 
by comparing the records during 
times of sustamed activity of 
Jupiter it is even le to estim- 
ate the period of sointillation for 
each aite. In Fig. 8 ıs shown a 
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Period of good correlation from the records of March 20, 1960. Approximate time 4h. 24m. a.m. Eastern Standard Time 


stars, which is generally atrributed to drifting irregu- 
larities in the ionosphere’. The periods reported 
range from about 8 seo. to 2 min. and are apparently 
independent of the wave-length at which the observa- 
tions are made. These workers have also shown that 
the scintillation amphtudes increase st the lower 
radio-frequencies, and for sources of small angular 
extent. Thus, there is every reason to suppose that 
the observed Jupiter scintillations are of this type. 
The more rapid somtillations ing on March 29 
may well be associated with the fact that the geo- 
magnetic activity index K was larger on that date 
than on the two preceding dates, since the radio star 
observations also indicate that the scintillation 
frequency increases with K. 

Although portions of the records can be explained 
as a simple amplitude modulation of the pulse heights, 
due to ordinary scintillation, other sections seem to 








Pig 2. Period or poor correlation from tiai records Or er lg 
Approxma 5h. 40m. em. Eastern Standard Time 





typical example of alternate fading 
at the two locales. Table 2 shows 
the mean scintillation iod for 
each station for each of the three 
nights. It will be seen that on these 
occasions, at least, there were no 
significant differences in the periods 
at the two Observatories. 

A number of workers have 
studied the scintillation of radio 








the records of Meroh 23,1060. A: te time 
10m. a.m. Eastern Standard Tims paroon 
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Table i» CIROUMETAKOMS OF THR OBSERVATIONS 








Ranges of altitudes of the 
Penod of obeerva planst 
Date (4.8.T.) Chilean 
L Btation | Station 
Mar. 23 6h. 04m.—6h. 37m. (am 36°-37° 78°-74° 
Mar. 24 | Sh. 58m.—th, 44m. (a.m. 25°-86° 64°-60° 
Mar. Z9 | 8h. 40m.~4h. 50m. (a.m e H-T 














Mean somtllatan 
Dete Florida Station Station 
Mar. 23 45 poo. 41 500. 
Mar. 24 39 p00. 48 soo. 
Mar. 39 28 sec. 29 s00. 





show more complex effecte. Even where the scintilla- 
tions are temporarily in phase at the two stations, the 
individual pulse shapes are frequently distorted 
beyond recognition, suggestmg the presence of a 
very rapid scintillation component, with a period 
comparable to the durations of the pulses themselves, 
superimposed on the slower modulation described 
above. This effect seams to be present in Fig. 2, 
and also in the curious distortion of pulse b in Fig. L. 

Measurements of the polarization of the Tono 
Jupiter radistion received in the northern 
Taye ben Favored by Frankig end Baris and Ey 
two of ust. Southern hemisphere measurements were 
made by Gardner and Shain’. As the latter remark, 
it is that all the measurements have 
indicated right-hand circular or elliptical polarization, 
since if the effect were terrestrial in origin the sense 
of the polarization should be reversed in the two 
(magnetic) hemispheres. Because the previous 
experiments were not sumultaneous, however, some 
question has remained as to poasible influences of the 
terrestrial ionosphere. 

On March 24, March 29, and April 12 of the current 
year, we obtained simultaneous polarimeter records 
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at a frequency of 22-2 mo./sec. at the Gainesville and 
Maipu Observatories, the magnetio latitudes of which 
are + 41° and — 22°, respectively. Because of an 
undetected partial malfunction of the Geinisville 
instrument, a quantitative analysis of the records 
for the axial ratios of the polarization ellipses is 
probably unreliable. Qualitatively, however, all 
the records appear to show right-hand circular or 
In summary, it appears likely that the basic pulse, 
of the order of duration of 1 seo., tea from. 
Jupiter, since there are periods of correlation 
when nearly identical pulses are received at stations 
7,040 km. apart. On the other hand, there is evidence 
that these pulses frequently are seriously distorted 
by a repid scintillation component of terrestrial 
origm, so that mdividual pulse shapes must be 
with caution in these circumstances. 
Much of the ‘burstiness’ of the Jupiter radiation— 
that is, the tendancy of the signals to appear as short 
trains of pulsee—seems to be due to a slower terrestrial 
scintillation component, which in the present experi- 
ments had a period of some 30—40 sec. This latter 
scintillation is probably identical with that commonly 
observed. for On ie stars. The terrestrial iono- 
sphere does not seem to exert any groes influence on 
the polarization of the Jupiter radiation, since aimilar 
polarizations are observed simultaneously in mag- 
gained opposite hemispheres, 
o has been supported by the National 
A a ho & Army Office of Ordnance 
Research, and the Office of Naval Research. We are 
greatly indebted to Dr. -Federico Rutillant, director 
of the National Astronomical Observatory of the 
University of Chile, without whose assistance the 
establishment of the Maipu station would have been. 
impossible. ’ 
1 Gardner, F, ¥., and Shain, O. A., Austral, J. Phys., 11, 55 (1058). 
* Beo, for example, Booker, H. G., Proo. Inst. Rad. Iag., 46, 206 (1058). 


* Frankiin, K. L., and Burks, B. F., J. Geophys. Res., 63, 807 (1058). 


‘Smith, A. G., and Carr, T. D., Astrophys. J., 180, 641 (1958) 


SYNERGISM OF BIVALENT METAL IONS IN 
TRANSPHOSPHORYLATION 


By Dr. JOHN M. LOWENSTEIN 
Graduate Department of Blochemtstry, Brandels University, Waltham 54, Massachusetts 


NZYME catalysed transphosphorylations to and 
from nucleoside po hates constitute many 
of the key reactions of intermediary metabolism. 
Most or all reactions of this kind show an absolute 
requirement for bivalent metal ions, which is com- 
monly met by the ions of magnesium, calcium and 
manganese. The metal ion specificity of such a 
reaction may be absolute or relative. In either case, 
inactive metals may act as competitive inhibitors. 
Moreover, in the case of relative specificity, the 
presence of two different, active metal ions may lead 
to an additive effect, or to an effect which reflects the 
average of each metal ion taken separately. Pia 
the possibility existe that the presence of two different 
metal ions may lead to a superadditive effect. That 
the interplay of different bivalent metal ions may be 
of physiological importance is barne out by a4 con- 


sideration of the concentrations of some metal iong 
in rat liver. These are magnesium, 9; caloium,*8; 
and manganese, 0-08 atoms per gram of fresh 
tiasue’?, 

Non-enzymic irian from adenosme 
triphosphate to a variety of acceptors also show a 
requirement for bivalent metal ions‘, The non- 
enzymic reaction dependent on bivalent metal ions : 


metal 
adenosine triphosphate + orthophosphate ————> 
adenosine diphosphate + pyrophosphate 
serves as a model for enzyme catalysed reactions 
involving nucleoside triphosphates, and provides a 
chemical basis for the bivalent metal ion irement 
of enzyme catalysed transphosphorylations. This 
reaction proceeds readily in the presence of ions such 


° sibilities have been studied experimentally 
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“* Tneotnble calcium salte precipitated. Pyrophosphate found m 
mixture was 1,200 mamoles. 


as calcium, cadmium and manganese, and much more 
slowly in the presence of ions such as 
beryllium and nickel‘. Here, too, there exista the 
posability that one type of bivalent metal ion may 
act as a competitive reactant or inhibitor with respect 
to another type of bivalent metal ion. These pos- 
using the 
non-enxymic reaction quoted above. The use together 
of certain pairs of bivalent metal ions, of which one 
possesses little or no activity when tested alone and 
the other possesses high activity when tested alone, 
leads neither to itive inhibition nor to an 
effect which reflects the average of each metal ion 
taken separately. Instead there oan be observed a 
striking superadditive effect. Results obtained with 
various combinations of calcium, manganese and 
magnesium ions are shown in Table 1. In experiment 
a the effecta of manganese and ions were 
tested separately and together. The first two lines of 
experiment a show that 20 mM manganese and 
25 mM magnesium are insufficient to sati the 
bivalent metal ion requirement of the reaction m the 
presence of 50 mM adenosine te, and no 
pyrophosphate is formed. (The symbol mM (milli- 
molar), is used to expreas the concentrations of ions 
as well as molecules. The terms ‘milli-equivalents’ and 
‘milli-ions’ gre avoided since they may lead to oon- 
fosion when used for bivalent metal ions in the 
present context.) However, when these oconcentra- 
tions of ese and i ions are added 
together (line 3) they lead to the formation of 71 
mumoleæ of ‘pyrophosphate. ' Lines 4 and 5 are 
controls which show that 108 mmoles of pyrophos- 
phate are formed in the presence of 45 mM man- 
ganeese, and 4 myumoles of pyrophosphate are formed 
in the presence of 45 mM . A concen- 
tration of 45 mM was chosen for the controls because 
this was the sum of the concentrations of manganese 
and when these were used in combination. 
It is clear from these results that some, but not all, 
of the active manganese ions can be replaced by the 
much’ leas active magnésium ions without loss of 
activity per pmole of the manganese ions 
(of. last colamn of Table 1). The two metals oan 
‘therefore be said to work-in synergism. The results 
obtained with calcium and magnesium ions (experi- 
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ment b), and with calcium and masiganese ions 

(experiment o) are similar. The synergism is most 
pronounced when the ion which possesses relatively 
low activity is present in a concentration which is 
equal to one-half or more of the concentration of 
adenosine triphosphate. 

Under conditions of pH and adenosine triphos- 
phate/bivalent metal ratio which are suitable for 
studying the catalytic activity of calcium, manganese 
and magnesium iong,- others, such as barium and 
strontium ions, give itates. The observations 
reported in Table 1 show that very small conocen- 
trations of hi active ions, such as calcium, can be 
dem to catalytic activity in the 
transphoephorylation reaction if relatively large 
amounts of, say, Magnesium ions are also present. It 
is therefore possible to test very low concentrations 
E DRTE paa PEO one fe ey ee 
advantage of the sparing action of 
Ths renie of Guilt an expertnent (Table 3) chow 
clearly that barium and strontium ions can also be 

-as highly active in the catalysis of the 
transfer reaction. This finding could not have been 
anticipated from previous results‘, which tended to 
indicate that metal ions active in the non-enzymic 
reaction have an ionio radius between 0-8 and 1-0 A. 

A bivalent metal ion which possesses little or no 
catalytic activity on its own can also be classified 
according to its ability to participate in a synergistic 
partnership with a highly active metal ion such as 
calatum. An experiment designed to demonstrate 
this is shown in Table 3. The ions are listed in 
descending order of effectiveness as determined by 
the difference between the activities obeerved in the 
presence and absence of calcium ions. The resulta 
reciente 


partnership 

S ghee nave coulis apeaaiite Gute oe: 
Other metal ions are much less effective, whether 
tested in the presence or absence of calcium ions. 
An examination of the results obtained with the first 
four of the metal ions listed in Table 3 also shows 
that the effectiveness of a metal ion in the synergistic 
reaction is not directly related to its effectiveness 
when it is used alone. Thus the increase in the rate 
of transphosphorylation when celoium ions are added 
to manganese ions is of the same order as that which 
is observed when calcium ions are added +o mag- 
nesium ions. Yet when tested alone, the effectiveness 
of manganese is much greater than that of mag- 
nesium ions. The same considerations apply to 4 
comparison of cadmium and oobalt ions. 

The results of Tables 2 and 3 may be summarized 
as follows : the alkaline earth ions calcium, strontium 


Table &. A TEYIEY OT SONR A peril Nal ea 
a poled roll ATETA ON 


te, pH 9-0 (2-76 x 10° counta/min.); 50 mmoles of 
P x 
Co SUT T 40 mmoles of mag- 








chloride ; 5 wmnoles of a fvalent metal salt as 
{ndteated. The total volume was 1-0 ml, temp. 38°, and time of 
incube 
Brvalent metal Pyro te formed (mamoles) 
salt added with ut AgCl 
None 0 = 
3 ? i 
Sabi i 0 3 
Mn 5 0 
dOl, 6 0 
Oath, 42 Q 
BrO 55 0 
Bal, “4 5 
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and barium are highly active in catalysing the trans- 
Phosphorylation reaction. The ions manganese and 
ee ee eevee a 
synergistic activity. The ions 
fake Gf vey lie aray aloo, Gat are at hgh 
Erao: acter. Lastly, the ions sino, copper, 
iron, mercury and niakel possess very low activity 
alone, and are of low synergistic activity. Beryllium, 
which very low activity alone (Table 2 and 
ref. 4) is probably also of low synergistic activity. 
The resulta presented here demonstrate that the 
catalytic effect of certain pairs of metal ions is neither 
the average of the effecta observed with each metal 
independenniy, nor is it aditive. Instead, the effect 
itive. An attempt will now be made to 
acoounh for thie in terms of the existence 
of various bivalent metal chelates of adenosine 


E psenclila: shod tp EE Gilaaseio 
iriphosphats : bicalont metal ion ore as 1:1. It is 
postulated that the chelates adenosine triphosphate- 
Mg* and adenosine triphosphate-Ca* (stability con- 
stants K,) are active in the transph orylation 
reaction, the former possessing a low 


osp 
osphate* (stability constante 
ko are inactive in the reaction. These postulates 
are ilenical witi: thiobo/ whish wensianade to account 
for variations in the rate of the reaction which are 
observed on varying the adenosine triphosphate/ 
bivalent metal ratio‘. If the reaction mixture 
contains adenosine triphosphate and calcium ions 
such that the ratio of adenosine triphosphate/ 
Ca™ > 2, and if K, for Ca® is sufficiently great, then 
the main species in the solution will be the inactive 
chelate adenosine triphosphate~-Ca-~ adenosine tri- 
phosphate, and the minor species will be the active 
chelate adenosine triphosphate—Ca*. If, on the other 
hand, the solution contains adenosine triphosphate 
and magnesium ions such that the ratio of adenosine 
triphosphate/Mg* as 1, then provided K, for Mg* is 
not much bigger than K, the solution will contain 
the low-activity chelate adenosine triphosphate-Mg* 


and possibly some of the inactive chelate adenosine 
triphosphate-Mg—adenosine triph te. Now if 
magnesium ions are added to a solution contaming 


adenosine triphosphate/Ca* > 2, a shift will occur 
from the inactive adenosine te—Ca—adeno- 
sine triphosphate to the active adenosine 

te-Cat and the low Sane adenosme 


triphospha: 
triphosphate-Mg* (Fig. 1, line i). 
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‘First postulate a 


+g 
ATP-Ca-ATP -——— ATP-Ca + ATP-Mg (i) 
mactive high low 


Beoond postulate 
+2g*+ 
PAE ae —— ATE Oa + ave Ms ad) 


aE a AeA (Hi 


(iv) 


my 1. Vark R A 
LR yeas metal ions ori ihis non anay mio 
transfer from adenosine The word below cach 
chelate refers to the relative rate of phosphate transfer. 
(Postulato 1 = lins 1; postulate 2 = lines hi, iii and ty) 


The postulate that tn the active chelate, adenosine tri- 
bivalent metal ion areas 1:2. It is postu- 


phosphate : 
lated that the chelates Ca_adenosine triphosphate—Oa 


and Mg-adenosine triphosphate—Ca are highly active 
in the transphoephorylation reaction, while the chelates 
Mg-adenosine triphosphate-Mg, adenosine triphos- 
phate-Mg* and adenosine triphosphate-Ca* posees 
low ivi » and those consisting of two molecules 
of adenosine triphosphate and one bivalent metal ion 
possess no activity. Suppose that to a solution 
containing adenosine triphosphate/Ca" œ> 2 there are 
added magnesium ions, then there will be a shift 
from the inactive adenosine triphosphate—Ca- 
adenosine triphosphate to the low activity adeno- 
sine triphosphate—Ca*- and adenosine triph te- 
Mg* (Fig. 1, line ii). The addition of or 
magnesium ions leads to the formation of the high- 
the low-activity chelate Mg—adenosine triphosphate- 
Mg (Fig. 1, line iii). Addition of calcium ions instead 
of magneesium ions leads to adenosine triphosphate- 
Ca and thence to the active chelate 
Ca-adenosine triphosphate-Ca (Big. 1, line iv). The 
two postulates are not mutually exclusive, and it is 
possible that both adenosine triphosphate-Ca* and 
Ca~adenosine hate-Oa are highly active in 
the reaction discussion. Mg-adenosine tri- 
The results reported here suggest the following 
is to account for the differences in the 
activity of myofibrillar actomyosin adenosine tri- 
phosphatase*,’ in the presence of calcium, magnesiam 
and potassium ions : myosin contains bound bivalent 
metals! (J. Gergely and B. Vallee have found that 
myosin contains about 1 stom i and 8 
atoms calcium per molecular weight of 5 x 10 
(personal cammunication)). It follows that myo- 
fibrillar actomyosin adenosine triphosphatase also oon- 
tains bound bivalent metals. In the absence of added 
bivalent metal but in the presence of potassium ions 
there is a slow hydrolysis of adenosine triphosphate 
which involves the formation of an enxyme—caleiam— 
adenosine triphosphate—potassiam co: m At ey 
potassium ion concentrations the rate o shige dered 
adenosine triphosphate is increased by Fis 
of magnesium or calcium to the formation of 
enxyme—calcium—adenosine 
or enzyme—calcium-—adenosine triphosphate—calotum. 


tetra- 
acetic acid, because ethylenediaminetetraacetic acid 
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combines preferentially with the bound calcium 
which is essential for enzyme activity. The formation 
of ensyme-—calcium—adenosine triphosphate—mag- 
nesium is prevented by the formation of enzyme- 


the presence of dated e A of the 
system to ethylenediaminetetraacetic acid is much 
lower, and in the first imstance on the 
removal of calcium from the solution (and not from 
the enzyme) by the formation of calcinm-ethylens- 
diamine The behaviour of myosin 


plexes postulated for both hydrolase activities. The 
is in harmony with the concept that the 
true substrate of actomyoum adenosine triphos- 
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te inhibits by being bound to the enzyme 
without being split rapidly. It does not account for 
the activation of myosin adenosine triphosphatase 
which is observed in the presence of ethylenediamine- 
tetraacetio acid under certain conditions*. 

The composite effecta of different brvalent metal 
ions deserve further consideration from the points of 
view of chelate chemistry and enxyme mechanisms. 
The importance of such effects in the metabolism of 
living cells remains to be assessed. 

This work was aided by the National Science 
Foundation and by the Helen Hay Whitney Founda- 
tion. 

1 Aldridge, W. N., Biochem, J., 67, 428 (1957). 
5 Watohom, H., and MoOaneo, E. A., Biokem. J., 31, 1370 (1937). 
* Skinner, J. T., Peterson, W. H., and Bteenbock, H., J. Biol. Chem., 

0. 68 (1031). 

J. ML, Biochem. J., 70, 282 (1053). 
Toaicatdti, 3. AE, Been neni. Acta, $8, 206 (1958). 
., and Grey, T. O., Biochem. J., 64, 184 (1058). 


FLUORINE COMPOUNDS IN NATURE; THE DISTRIBUTION OF 
CARBON-FLUORINE COMPOUNDS IN SOME SPECIES OF 
DICHAPETALUM 


By Sin RUDOLPH PETERS, F.R.S., and R. J. HALL 


Agricultural Research Council [Institute of Animal Physiology, Babraham, and Department of Blochemlstry, 
Untversity of Cambridge 


of an organic compound of fluorine 
mI io en ee a 
fluoroacetic acid from the leaves of Dichapestalum 
oymosum, the South African plant called gifblaar, 
which is poisonous to cattle; flucroacetic acid was 
first synthesized by Swarts‘. 
same genus, namely, Dichapetalum 
called ratabane, has bean known for a long time. It 
grows in Sierra Leone (West Africa) and is responsible 
for the condition of Laaer aint state in 
man. The signs described in after eating the 
seeds of: this plant resemble so much those produced 
by flucroacetio acid that we examined its seeds for a 
fluorine compound. Fincroacetate was present only 
in traces ; but we have now isolated two new fluorme 
compounds from the seeds of D. toxtcarmum. (1) A 
fluoro-fatty acid constituting most of the toxic 
which has been finally identified as œ- fluoro- 
oleic acid‘. (2) The other, present in much less 
amount, is a saturated long-cham fatty acid possibly 
having 17 carbon atoms. 
Several problems of botanical and other interest 
ee eee 
, The question is whether the difference im fluoro 
compounds in the seeds of D. toxicartum as 
with the leaves of D. oymosum is a property of the 
species or whether it is merely due to the storage of 
the C, acid by conversion in the seeds to long-cham 
fluoro-fatty acids. This has led us to examine the 
leaves and seeds of D. oymosum for finoro-oleic acid 
e O 
D. oymosum seeds. We are indebted to Dr. R. A. 
Dyer, chief of the Division of Botany, Department 


of Agriculture, Pretoria, for sendmg us some of these 
seeds, which are stated to be rare, as the plant is 
difficult to find in fruit. 

No trace of fluorine was found in the powdered 
dried seed after sehing. This proved the absence of 
any fluoro compound within the sensitivity of the 
tests. There was nob enough material for animal 
testa to confirm whether these seeds were toxic. 
It has been stated in the literature that the seeds are 
toxic so the matter requires further investigation ; 
but it seems evident that any fluoroacetate made 
is not being metabolized and stored in these seeds sa 


if there was present any long-chain fluoro-fatty acid, 
and if so, whether it was identical with the material 
from D. tovicarium. 

The leaves were finely ground in a Cassell mill, and 


vent was saponified with methanolic 

hydroxide, the saturated long-chain fatty acids were 
separated from acetone solution at — 20° C. and 
discarded. The acetone solution now contained 
0-624 gm. of an oil, mamly of unsaturated acids, and 
analysis showed that it contained 1-415 mgm. 
fluorine. When injected into three rata at doses, 
which in terms of fluorine content would have been 
toxic as a long-chain fatty acid, no effect was found. 
to the 


of a purified oil was obtained. which, 
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1. Ascending chromatogram of unsaturated fatty acids of 
®pooles, otc., on Whatman No. 531 filter paper 
impregnated mih iaid. 85 per cent 


viv acetde acid/water and 


method of Schlenk 6 al.', gave the chromatogram 
shown in Fig. 1. There was preeent, therefore, a 
long-chain acid with approxi the same Rr 
value as fluoro-oleic acid. A long fluoro-fatty 
acid with an even number of O atoms has a powerful 
mhibitory effect on citrate metabolism when tested 
on kidney particle preparations from the guinea pig 
tn vitro; 5-10 ugm. of the acid shown to travel as 
fluoro-oleic acid on the chromatogram was found to 
inhibit the metabolism of citrate in such preparations. 
The unknown acid therefore had some of the proper- 
ties of fluoro-oleic acid, but it differed in that it was 
not toxic in vivo at double the usual fatal dose to rata. 
The problem requires further exploration; our 
tentative interpretation is that the leaves of D. 
cymosum can contam in small amounts a long-cham 
fluoro-fatty acid of 17 or 18 O atoma, which is different 
from thoge at present known, though an alternative 
explanation could be that the crude acids contain a 
component interfering with toxicity m vivo. One 
batch of D. oymosum leaves which we received con- 
tained none of this compound. In accordance with 
previous work by others’, we have found that the 
total fluorine content of specimens of leaves varied 
greetly ; from 63 to 270 pgm. fluorine per gm. of 
dried leaves. 

D. toxicortum leaves. When these were ground 
and extracted in the manner as were the leaves of 
D. cymosum, no fluorine was detected on ashing and 
no trace of a long-chain fiuoro-fatty acid. 

From the preceding observations it can be concluded 
that the presence of fluoro-oleic acids m the seeds of 
D. towicarium is & property of the seeds of this 
oa and not of the seeds of the genus in general. 

‘urthermore, the leaves of this species cannot contain 
much, flucroacetic acid (Table 1) as no fluorine was 
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found on ashing. There is a distinct mdication that 
there are still more fluorme compounds to be dis- 
covered in D. cymosum leaves, though ib seams 
unlikely that the toxicity is due to such compounds, 
which would be present only in traces compared with 
fluoroacetic acid. 

The question also arose whether leaves from a 
plant of D. cymosum grown in England would also 
contain large amounts of fluorme. Some seeds were 
kmdly brought back from Johannesburg five years 
ago by Sir Edward Salisbury, who arranged for these 
to be grown by Mr. Stenning, at the Royal Botanio 
Gardens, Kew. Two leaves were taken from a plant 
about 12 in. in height, and were analysed for fluoride 
after combustion, using a micro-diffusion technique’. 
Relatively large amounts of fluorme were prosent, 
112 gm. /gm. This is in the range of our other figures 
for total fluorine, and that of the 150 pgm./gm. 
recorded by Maraisi. These amounts are to be 
compared with those of y, 9-26 
vgm./gm. and alfalfa 15-36 ugm./gm.*. Thee 
authors noted that the fluorine moreaged as the plants 
grew and the season advanced; lawn grasa was 
found to contain 16 ugm./gm. dried grass m May and 
58 ugm. fluorme/gm. in November. Specimens 
of tea may give higher values; for example, we 
found 150 ugm./gm. in a sample of Indian tea. 

Other species. During the course of 
our work, we have been able to examine leaves and 
stems and roots from several other African species. 
The scisntific interest was reinforced by the possibility 
thab the ingestion of some might account for umex- 
plamed deaths of cattle in Hast Africa. The plants 
examined have been a following : 

Belgian Congo: (1) D. flabeHanjiorum, Hauman., 
origin, Germam 0594; (2) D. thonnert, de Wild, 
origin, Louis 6712 ; (3) D. thonneri, de Wild, origin, 


Louis 13016. East Africa: (4) D. ruhlandii, East 
Africa ; (5) D. mossambicense, Engl.; (6) D. uhl- 
manisi, Engl. 


Tests were made of toxicity to rats mainly by dosing 
orally. The material wae finely ground and adminis- 
tered with rat cake, a method which demonstrates 
well the toxicity of D. tomtoarium seeds. None of the 
plants tested with doses up to about 2-0 sage Hanes 
toxic to the extent of killing the animal. 
cases with D. stuhlmann a temporary depression of 
the heart-rate was observed. On killmg the animals 
some hours later the citrate contents of the hearta 
were 326 and 141 ugm./gm. wet tissue and in the 
kidneys 558 pgm./gm. and 78 pgm./gm. wet tissue 
respectively, which is to be compared with a normal 
value of 40 ugm./gm. + 10. . 


Tablel. FLUORINE OoMPOUNDS Ix LEAVES AWD SIEDS OF D. cymapum 
xD D. toxtcariam 























F. 
Total Ft | Fak- | aostate | olaic* 
tare 
. Omori 
Sample } 70 36 £17 ++ 0 
Sample (2 70 14 9 + + 
D. tosioarium o 2 8 o 0 
D 0 0 0 
. Omori 
D. tostearium | 2,035 trace ++ 
0 = not measurable. 
* Or long-chain fuoro-fatty zold 
erate at pH eh 


After hydrolyse with cons, sodium hydroxide, represent fluoro- 
gatkate aad te pubes aah tattle OF oomepoanda. 
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As a further control the residues from light petrol- 
eum.extracta, equivalent to 20 gm. of the leaves of (4) 
and (5), were injected in acetone into rats ; they were 
non-toxic and without effect upon the citrate content 
of heart, liver or kidney. This proved the virtual 
absence of toxic long-chain fluoro-fatty acids. 

Since some of these plants have been described as 
toxic in the literature and ing their toxicity 
te dco 46 Pade eimqounde we conahide stag ko 
toxicity varies as it does in D. oymosum and possibly 
that the specimens collected for us were harvested at 
the lem- toxic 

Some of our results are summarized in Table 1. 

In addition to those mentioned, we are indebted to 
Prof. Z. M. Bacq, Dr. M. F. Jurion, director-general, 
Institut national pour l'Etude agronomique du 
Congo Belge, and others for help in collecting the 
plants from the Belgian Congo, to Dr. Galley and 
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staff of the Tropical Producta Institutp, London, 
for helping in collecting the West African specimens ; 
to Dr. Greenway for East African planta, and to 
South African colleagues for of D. coymosum 
leaves. We aro also grateful to Miss R. Shawdon and 
to D. Harbidge for skilful technical assistance with 
pert of the work, and to Prof. F. G. Young for 
facilities provided. 


1 Marais, J. 8. O., Onderstepeort J. Vet. Soi. Animal Ind., 98, 67 (1044). 


t Swarts, F., Bull. Acad. Roy. Med. Belg., ¥1, 675 (1806). 
* Renner, W., Brit. Med. J., i, 1814 (1904). 
oe eo Wal ete , Ward, P. F. Y., and Sheppard, N., Biochem. 


aa a aa T Tillotson, J. A., and Mangold, H. K., 
J. Amer. Oil Chem. Boc., ee aT ORD. 


* Badenhutaen, N. P., and Alinger, J., S_African J, So., 68, 209 (1054). 
7 Hall, B. J., Amalyet (in the press). 


* Ohurebill, H. V., Rowley, R. J., and Martin, L. N., Anal. Chem., 98, 
6o (1048). 


SUSTAINED ACTION OF INJECTED CHELATING AGENTS 


By Dr. A. LINDENBAUM and Dr. J. SCHUBERT 
Division of Biological and Medica] Research, Argonne National Laboratory, Lemont, Ililnois 


T is noteworthy that, following a single injection 

of an appropriate chelating agent in subjects 
Gish ages Gases Sue eee a 
radioactive metals such as plutonium, thorium, or 
lead, the subsequent urinary excretion of the metal 
aacally-rerunina well above thavecukrol levels for dave 
and even weeks. Since most of the chelating agent 
administered is rapidly eliminated from the body, this 
18 an unexpected phenomenon which merits investiga- 
tion. For example, within 6 hr. after injection into 
rats, about 94-98 per cent of ethylenediaminetetra- 
acetic acid and diethyl taacetic acid 
is excreted, and at the end of 24 hr. most of the 
retained dose is in the gastrointestinal tract, with 
smaller amounts generally diffused at the 
tissue. A very small fraction of the injected dose of the 
pentaacetio acid persists in the blood for several days’. 

Evidence has been adduced* to indicate that these 
chelating agents combine with the metal to form 
diffasible chelates within the tissues (though not 
necessarily intracellular). It is reasonable to assume 
that the sustained excretion of plutonium after trest- 
ment with diethylenetriamimepentaacetic acid’ reflects 
the slow but steady diffusion of the metal chelate 
from the tissues into the blood-stream and thence into 
the urine. We have made a direct test of this assump- 
tion in experimental animals by measurement of the 
ultrafilterability of the tissue deposita of different 
radioisotopes folowing treatment with chelatz 
agents. Ultrafiltration techniques have been useful 
in determining the state of radicelamente in solutiont. 
They offer a simple, rapid and effective means for 
screening potential chelating agents for the treatment 
of radioelement poisoning, as shown here and else- 
where’. 

Low-preessure ultrafiltration techniques were used‘. 
In earlier work described in Fig. 2, suitable pressure 
was applied by a water pump using 150 mm. mercury 
preasore. In all other experiments ultrafiltrates 
were obtained by centri ion, at about 900g in a 
modification of the method of McFarland and Hem‘. 
It was possible with the latter technique to obtain 


0-1-0-5 ml. of filtrate after centrifugation of a 2-5 gm. 
sample for 1545 min. In order to minimize the 
uncertainties resulting from uneven deposition of 
colloidal particles due to hydrolysis of plutonium and 
thorium, we have studied the ultrafilterability of the 
radioisotopes from blood and tissues taken from 
intravenously injected animals rather than by in 
vitro addition of the radioisotope to tissue samples. 
In some cases the. chelating agents were added im 
viiro to the tissues of animals previously injected 
with the radioisotope but not treated with the 
chelating agents. In other cases, ultrafilterability 
of the radioisotopes was measured from tissues of 
treated animals. 

In preperation for ultrafiltration, rat bone (the entire 
weighed calvarium) was fragmented with scissors 
and crushed in s glass homogenizer with the aid of 
5 ml. added saline. The entire weighed liver was 
either similarly homogenized or was simply cut into 
small pieces before being placed without saline in 
Visking bags. The radioactivity of the ultrafiltrate 
was determined in duplicate or triplicate. The values 
obtained after treatment with, or addition of, chelat- 
ing agent were corrected for dilution differences and 
compared with those from ultrafiltrates of appropriate 
control tissues. 

The effects of diethylenctriaminepentaacetic acid 
on excretion of plutonium are of interest. The 
calcium salt (835 mgm./kgm. body-weight as the acid 
form) or salme was given intraperitoneally to rate 
three days-after a ae intravenous injection of a 
solution contaming 35 pgm. plutonium-289 in 1 
per cent sodium citrate at pH 5-6. The rats and their 
saline controls were killed at intervals of 1, 2, 3 and 
7 days after injection. The ultrafilterability of 
plutonium from the bane, liver, and plasma was 
measured directly (gee Fig. 1). It is evident that 

ium in the tissues has been rendered 
diffusible by the pentaacetic acid and that the 
diffumibility remains ten or more times greater than 
thet Ot the odntrol-anmiala fon Bt least-T:daya:atter 
a single injection of plutonium. : 
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The effectiveness of dchiiglewtinenibapaniandtie 
acid relative to ethylenediaminetetraacetio acid in 
the ultrafilterability of plutonium was 
tested usmg plasma and whole blood. 
The Pikon was injected mtravenously into rate, 
and 2 ml. of blood was withdrawn 15 min. later. 
Solutions of the chelating agents were added to the 
whole blood or to the plasma to provide final concen.- 
trations ranging from 10+ to 10-* M. The superiority 
of diethylenetriaminepentascetic acid over ethylene- 
diaminetetraacetic acid ia shown by the sharper rise 
in the plutonium content of the ultrafiltrates at 
consentrations of chelating agent in the range 
105 M-10+* M (Fig. 2). 
Tt has been previously pointed out’ that as a resalt 


of the mass-action the presence of calotum 
ions in blood prevents any appreciable chelation, of 
strontium ions. i ethylenediamine- 


tetraacetic acid and related chelating agents, in 
the usual io doses, are useless for treatment 
of radiostrontrm . In ultrafiltration 
experiments, the me ee of interaction of strontium 
with ethylonediaminetetraacetic acid was shown 
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directly by adding strontium-85 and known amounts 
of the calcium salt of the latter to rat plasma. At 
concentrations of ethylenediammetetraacetio acid 
as high as 10° M the ultrafilterability of the stron- 
tium-85 was from that of the controls 
(75 per cent com, with 74 per cent), as could be 

from the rhass-action equations’. At a 
-poncentration of 2 x 10" M ethylenediaminetetra- 
acetic acid—a blood concentration unattainable in 
living animals—tbere was an increase in the amount 
of ultrafilterable strontium. 

Experiments similar to those described above for 
plutonium were made with thorium using thorium- 
234 as tracer. The ultrafilterability of thorium from 
plasma and tissues obtained from rata injected intra- 
venoualy with thorium-284 was measured in the 
presno OF 10+- M chelating egcnb, adda in afo 

ked superiority of diethylenstriaminepenta- 
acetic acid relative to ethylenediaminetetraacetic acid 
and other chelating agents is shown in Table 1. A 
similar superiority of the former over the latter m 
accel ing the excretion of thorium from animals 
has also been demonstrated’. Such results confirm 
what could be anticipated by compari of the 
constants’ for formation of the 1:1 chelates 
(og K(Th-EDTA) = 28-2; log K(Th-DTPA) = 
> 21), 
Table 1, HrrEoT oF Oumlarirg AGENTS ADDED in vilro OX THE 

U: OF THORIUM-234 FROM Rat TISSUBS 





Thortum-%34 content 
ultrafiltered (per oent) 


Chelating agent (calctum salt) 


Balino controks 
Tit puda d (arborat) 
amtnoctboxy] ethane 


2: 2-Bis [d boxyme 
‘stool aie {yi other pede 





tissues were obtamed from rats kied 15 min. after 


The plasma and 
in of a cerrier-free solution of thortum-284 in 1 per cent sodium 
te at pH 5. The chelating agent was added to giro a final oon- 
omtration of 10-* Af. 


It should be mentioned that, unlike the situation 
with radioactive metal poisons, where maximum 
elimination is a necessary goal, an effective thera- 
peutic agent need not imorease the ultrafilterability of 
a non-radioactive metal poison, and may in fact 
decrease it. A case in point is acute beryllium 
poisoning, in which successful treatment has been 
shown to mvolve inactivation of beryllium without 
necessarily increasing its excretion or diffusibility?*. 

This work was carried out under the auspices of 
the U.8. Atomic Energy Commission. 
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SAP-TRANSMISSIBLE ‘VIRUSES ASSOCIATED WITH DISEASES OF 
; GRAPE VINES IN EUROPE AND NORTH AMERICA 


By C. H. CADMAN 
Scottish Horticultural] Research Institute, Invergowrie, by Dundee 


H. F. 


DIAS* and B. D. HARRISON 


Rothamsted Experimental Station, Harpenden, Hertfordshire 


ENERATION of the grape vine has been 
recognised as a major factor in viticulture since 

the nineteenth century and has been attributed to 
many causes, ranging from unfavourable soil oon- 
ditions to bacteria, 


by grafting i : 
(a) court-nouég, Reisigkrankheit, urticado; (b) pen- 
achure, Panaschitre, clorose infecciosa ; 
ment, Rollkrankheit. 

cucumber mosaic virus to herbaceous planta by 


inoculation of sap from grape plants affected by 
(a) aie (b). However, later work 


to groupe (a) and EA EAREN are contracted 
from Boils. The virus : oe 


Xiphinama indan Thome and 


Isolation of Viruses from European and North 
American Grape Vines 


Sap from vime leaves-seems to contain little or no 
tannin but has a pH value of about 3-5. Young 
grape leaves were therefore macerated in 0-07 M 
phosphate buffer at pH 8-0 or in 2-5 per oent nicotine 
solution, in an attempt to raise the pH value of 


symptoms in O. amaranticolor, which resemble those 
caused by Arabis mosaic virus", are chlorotic lesions 
in the inoculated leaves and systemic symptoms, 


Table 1. HXAWPLES OF VIRUS TRAWAMIOSIONS FROM GRAPE VIRES TO HWRRACHOUS SPBCIES 





















* Vitis vindfore unless otherwise stated. 
+ Vine plants to which virus was trananittied by Tipkineme indes (ref. 7). 


Grape vines are little grown in Britain ; but three 
groups of soil-barne viruses have been reported in 
and 


readily transmitted by inoculation of sap to a wide 
range of herbaceous species, and one of them, Arabis 
mosaic virus, has a dagger nematode (Xiphinema 
déversioqudatum Miocoletaky) as a vector',3, We now 
report the transmission of viruses from grape vines 
to herbaceous hosts and describe some properties 
of the viruses. Our results show that viruses 
isolated either from North American or from 
European grape vines have similar properties to 
Arabis mosaic (== raspberry yellow dwarf) virus, 
and thab they have some of thei antigens in 
common with it. 


* Celoustc Poundaiion Research Fellow from the 
masao Aereciaios Nacional, Poraa 


~- 





| Country of origin Variety * Disease status Grape vines supplied by 

Portugal Ferodo Pires urtioado A H. F. Diss + 
Portagal ¥erndo Pires urtioado B H. F. Dias + 
Portugal Ferndo Pires clorose Infecciosa H. F. Diss + 
Portugal Bernio Pires normal H. F. Dias 0 
France Chardonnay oourt-nous A. Vulttenes + 
Franco Viala panechure A. Vutitenes + 

Chases court-nond E. Bovey + 
BSwiteorland Chasectas normal R. Bovey 0 

Vitis hybrid S. 5755 ponaohnre R. Bovey + 
United States Y. repestris St. George A W. B. Hewitt + 
Untted Y. ruapestris 84. Georgo fanleaf Bt W. B. Hewitt + 
United States V. rupestris Bt. Georgo normal W. B. Hewitt 0 








which start in the young leaves as chlorotio vein- 
banding or mottling; later, the whole plant is 
stunted and the leaves deformed. Different isolates 
from vine vary greatly im virulence, and 
symptoms in O. amaranticolor take 7-20 days to 
appear, whereas those caused by Arabis mosaic virus 
usually take only 5-10 days. 

In the other species symptoms also develop more 
slowly than with Arabis mogaio virus. All vine 
isolates caused chlorotic or necrotic local lesions in 
moculated leaves of tobacoo and systemic mottling 


systemic mottling- . Portuguese—urticade-B, Portu- 
guese clorose infecciosa, French court-noué and North 


578 
American fanleaf B isolates were less virulent than 
these three. Least virulent were French panachure 
and Swiss panschure isolates: thoee caused oblorotic 


local lesions in mooulated cucumber cotyledons but _ 
io. They did not infect French” 


did not become systemic 

bean, and they caused much milder symptoms in 
tobacco, N. cleveland, and O. amarantioolor than 
those caused by the first group of isolates. 

Many of the isolates (for example, Portuguese) 
came from grape planta that were infected by 
grafting, wrth ungrafted grape planta of the same 
clone serving as contro] material. The plante gener- 
ously supphed from California by Dr. W. B. Hewrtt, 
however, included six planta of Vitts rupesiris var. 
St. George, each of which had become mfected with 
vine fanleaf virus when exposed to infectrve 
Atphinema index, and six normal St. George plants 
-of the game clone. Virus was transmitted to O. 
amaranticolor and N. olevelandii from five fanleaf- 
infected planta (the sixth died) but from none of the 
normal ones, indicating that the isolates are oon- 
sistently associated with fanleaf disease and are 
transmissible by X. inden. 


Properties of the Viruses 


Table 2 shows tbat the five isolates selected for 
more detailed study have broadly similar stabilities 
tm vitro. The differences seam to result from the 
greater concentration in sap attained by the more 

Portuguese urticado A and Portuguese -clorose 
infecciosa are examples of isolates that have similar 
effecta on herbaceous plants and have similar 
properties in vitro, but yet come from grape plants 
that show very different types of symptoms: such 
isolates should not, therefore, be assumed to be 
strains of the same virus. However, they are 
sufficiently related for the presence of one to 
affect the other“. Thus, O. amaranticolor moculated 
simultaneously with both isolates showed symptoms 
intermediate between those shown by plants infected 
with only one or other of the isolates. Similar inter- 
actions were observed between the Portuguese 
urticado A and a North American nematode-trans- 
mitted (fanleaf B) isolate. 

Electron, ar of partially purified 
tions (made from I bya ECan) 
chlorofarm method") of the Portuguese urticado A, 
Portuguese clorose infeociosa and North American 
nematode-transmitted (fanleaf B) -solates showed 
that all three contain many spherical particles of 
diameter approximately 30 my (Fig. 1). No such 
particles ocourred im tions made by the same 
method from healthy O. amaranticolor planta. 

from O. amaranticolor plants infected with the 
vine isolates did not precipitate specifloally with 


Wable 2. PRovectine ta piiro oF VIRUS ISOLATES FROM GRAPE YOTIB 











1/8,000-1/10 
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1/5,000-1/10,000 


1/500 -1/1,000 
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s In map fron Ohmopodism. amarantioolor. Figures are the mits 
between which was loot. 
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antisera to tomato black ring or raspberry ringspot 
viruses, two soil-borne viruses from Britain that have 
many propertiea in common with the vine viruses. 
By contrast, tests with Antisera to Arabis mosaic 
virus and to North American fanleaf A isolate 
showed that these two viruses have, some of their 


in common (Table 8). All the French and 
Swiss isolates also moe specifically with both 
antisera, but ab lower antiserum titres than the 
homologous viruses. There seems no ility that 
the grape vine isolates were mixtures of Arabis mosaic 
and some other virus, for none of them infected 
_ Petunia hybrida planta systemically, a reaction, ohar- 
acteristic of Arabis mosaic virus. Moreover, CO. 
~ amaranttoolor te systernically Infected with North 
American eaf A, Portuguese urticado, Swiss 
court-noué and French panachure isolates are sus- 
ceptible to infection with Arabia mosaic virus. This 
is further evidence that the vine isolates and Arabis 
mosaic virus are only distantly related strains'of the. 
game virus. 


Assoclation of Xiphinema Index with Urticado 
Disease In Portuguese Vineyards 
Although several workers have obtained evidence 


. that vine viruses are contracted from the soil im 


1, and fanleaf virus is transmitted by X. index 
m ifornia’, the identity of the vectors in 
is uncertain. In Portugal, urticado disease often 
occurs patohily m vineyards, and examination of soil 
samples from two different vineyards showed that 
the distribution of urticado coincides with that of a 
nematode probably identical with X. index, whereas 
another species of Xiphinema, X. americanum Cobb, 
occurred m soil from all parta of the vineyards. The 
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ecology of the virus causing urticado and other 
similar ine ipea TOT DEUN be Say 
to that of vine fanleaf virus in California. 


Conclusions 
Although it is not yet certain that the vine viruses 
can be tranamitted to herbaceous planta so readily 
that this method can be used for routine diagnosis of 
virus infection in grape vines, its application on an ex- 
perimental scale provides a new approach to the study 
of the dinero: AES the viruses associated 
folowing two groups: 
urticado, court-noud, and (2) yellow mosaic, cloroge 
infecciogsa, Pansaschure and -Our -results 
show that similar viruses can bo isolated from 
with each of these diseases, 
to which the diseases belong, 
plants. However, vines with Kelor. tomes may 
: also contain avirulent strains of 


transmitted North American fanloaf A isolate back 
to grape vine by grafting to infected Ohenopodsum 
amoranticolor, but to what extent the other viruses 
we have transmitted to herbaceous are 
responsible for the vine diseases with which they are 
Se ee ore es me et 


have been made. The resulta of the serological testa 
indicate that the sap-tranamissible isolates from grape 
vines, and Arabis mogaio virus, are all straina of one 
virus, ,but they also suggest there are considerable 
amtigenio differences between isolates. Further work 
is in to find whether these differences reflect 
vector specificity or geographical variation, or both. 
We are much indebted to Dr. W. B. Hewitt, Davis, 
California ; Dr. R. Bovey, Nyon, Switzerland; and 


Mr. A. Vuittenes, Colmar, France, for lying 
normal and infected grape vines; to D. J. 
for the nematode and to H. L 


Nixon, J. Cathro and R. D. Woods for examining 
preparations with the electron microscope. 
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POLYPLOIDY IN HUMAN TUMOURS 


By N. B. ATKIN and ANGELA J. ROSS 
Department of Cancer Research, Mount Vernon Hospital, Northwood, Middlesex 


ALIGNANT tumours, like normal tissues, 

exhibit varying degrees of polyploidy, but 
whereas in normal somatio tissues the great majority 
of cells usually retain the diploid chromosome oom- 
plement, malignant tumours often have a pronounced 
secondary complement of polyploid cells, or may 
have undergane a shift to a basically near-tetraploid 
chromosome number. Although tumours 
may have an apparently normal osamo oom- 
plement, aneuploidy is a common finding and more- 
over is the rule in animal tumours which have been 
transplanted for a long time’; in the mouse, the 
change to aneuploidy often- appears to involve a 
doubling of the ohromosome complement, aihoe 
many of the tumours have near-tetraploid chromo- 
some numbers. The significance of polyploidy in the 


evolution of transplantable mouse tumours has been 
discussed by Levan’?, who has demonstrated that 
near-tetraploid tumours show much more evidence 
of structural chromosomal change than do neer- 
diploid tumours. It is uncertain, however, to what 
extent the findings in experimental animal tumours 
have their parallel in human malignant disease. 

We wish to present some evidence relating to the 
occurrence of polyploidy in human tumours. We 
have now accumulated data on the chromosome 
complement and deoxyribonucleic acid oontent of 


made on only a few suitable tumours, microspectro- 
photometric estimations of deoxyribonucleic acid, 
not being similarly restricted by technical considera- 
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tions, have been performed on a large number of 
tumouret-*. We have already noted‘ that, although 
individual tumours extend over a wide range, they 
tend to fall into two groupe as regards their modal 
deoxyribonucleic acid value, which are centred in the 
hyperdiploid and tetraploid regions respectively. 
This has been confirmed by a further study on 165 
uterine tumours’, in which the deoxyribonucleic 
acid data have been considered in relation to the 
histological and clinical features of the tumours. In 
this work. ıt was found that the ceryical caremomats 
(132 cases) fell into two approximately equal groups ; 
the majority of corpus tumours however, fell into the 
hyperdiploid group. If the modal deoxyribonucleic 
acid value, derived from measurements on interphase 
cells, can be taken to be representative of the stem- 
line of the tumours, it would appear that, in a con- 
siderable proportion of cases, the stem-line chromo- 
some complement of the tumour has doubled at some 
stage of its evolution. 

It 18 of interest that published data on the chramo- 
some numbers of human tumours do not appear to 
show a suwlar bimodal distributiacn’-*. This might 
be because there has been a selection of those tumours 
that prove most suitable for chromosome counting : 
near-triploid tumours may have been selected 
because they more frequently provide countable 
prometaphases or metaphases in, squash preparations 
than do those having higher numbers. Another 
possible reason for the discrepancy is a lack of 
paralleliam that we have found in some tumours 
between. deoxyribonucleic acid content and chromo- 
some number: m & series of 14 tumours!’ we found 
on an average a significantly higher ratio of modal 
deoxyribonucleic acid content to chromosome number 
than for the homologous normal ocells, and rt 
that this difference was on the whole greater for those 
tumours with high chromosome numbers. Thus a 
nearly triploid tumour might have a modal deoxy- 
ribonucleic acid content which would correspond to a 
hypotetraploid chromosome number if the average 
amount of deoxyribonucleic acid per chromosome 
were the same as that m the normal diploid oells. 
Perhaps chromosomal doubling is commonly followed 
by structural changes and loss of chromosomal 
material, resulting in a reduction in the number 
of chromosomes and an increase in their average 
size. 

It is of course possible that some of the tumours that 
are ‘tetraploid’ as regards modal deoxyribonucleic 
acid content are polytene and not polyploid, but we 
have so far obtained no direct evidence for the 
occurrence of polyteny in human tumours. It is also 
possible that the presence of a large component of 
cells which have synthesized deoxyribonucleic acid 
prior to mitosis might result in a tumour with ao 
near-diploid stem-Ime chromosome number having 
an interphase population that ia mainly ‘tetraploid’ 
as regards deoxyribonucleio acid content, as was in 
fact described for an ovarian carcinoma by Bader’. 
However, chromosome counts of greater or leaser 
accuracy on most of our ‘tetraploid’ tumours have 
been in keepmg with the deoxyribonucleic acid data. 
Moreover, with a few exceptions (see below), the 
tetraploid tumours do not retain any cells having 
diploid amounts of deoxyribonucleic acid, and where 
Measurements of deoxyribonucleic acid have been 
made on ocells in mitosis, these have been consistent 
with a near-tetraploid rather than a near-diploid 
chromosome number. 
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Fig. 1. Emdoreduphoation: diplochromosomes at metaphase 
(carcinoma of the corpus uteri). (x 2700) 
Fig. 2. Endomitosus (oarcmoma of the cervix uteri). (x 1320) 
Aostie orcam squash preparations 


Our resulta are derived from patients at the time. 
that they enter hospital for treatment, and ıb is not 
known at what stage the doubling of the chromosome 
complement has occurred in the near-tetraploid 
tumours. Evidence 1s forthooming, however, from 
cytological studies that polyploidiszation is 
in some of these tumours. The work of Bhesele, 
Poyner and Pamter!* and of Levan and Hauschka’ 
has demonstrated the part played by endomitosus 
and endoreduplication in the-growth of expermmental 
tumours of the mouse. In human tumours, we have 
likewise noted these two phenomena; but whereas 
endoreduplication, as revealed by the presence’ of 
diplochromosomes in succeeding mitoses, has been 
found occasionally m a number of tumours, we have 
noted that certain tumours are characterized by a 
high frequency of cells exhibiting chromosomal con- 
traction and splitting within the nuclear membrane, 
corresponding to the classical picture of endomitosial. 
The highest mcidence of endomitosia was sean m 
certain undifferentiated squamous cell carcinomatea 
and adenoacathomate of the cervix uteri. In general, 
endomitoms was æ fairly frequent phenomenon in 
squamous cell tumours, but was only rarely. seen in 
adenocarcinomata. The deoxyribonucleic acid data 
derived from tumours showing a high frequénoy of 
endomitosis are of interest: the modal deoxyribo- 
nuoleic acid value fell most often in the hypertetra- 
ploid region, but several tumours also had a smaller 
secondary hyperdiploid mode; a few of the tumours 
had a hyperdiploid primary mode and a prominent 
secondary hypertetraploid mode. These tumours 
may be in a state of equilibrium ; alternatively, they 
may be in the process of transition from a hyper- 
diploid to a hypertetraploid state. It was noted that 
endomitosis was not a feature of tumours which had 
a hypotetraploid deoxyribonucleic acid mode. 

The question armeg as to whether the incidence of 
endomitosis and endoreduplication in a particular 
tumour is an unchanging feature of the tumour, or 
whether it is dependent on environmental influences, 
for example, varymig hormonal levels. In Levan and 
Hauschka’s'* work on mouse tumours, each tumour 
was characterized by a particular level of endomitosis 


‘or endoreduplicetion. In oertain normal tissues, 


however, there is evidence that hormonal factors may 
determine the occurrence of polyploidy. Thus Arias- 
Stella has demonstrated the association of nuclear 
hypertrophy in endometrium with retained chorionic 
tissue. He has suggested that the ical pattern 
results from hormonal activity of chorionic 
tissue, and also quotes instances of nuclear enlarge- 
ment in other tissues which may be the result of 
endocrine activity. The occurrence of polyploidy in 
human! and mouse!’ liver may be dependent on 


‘anterior pituitary growth hormone. So far as the 
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human cervical tumours are concerned, no clear 
evidence for a hormonal or other ‘host’ factor has 
come to light, but an apparent difference in age- 
distribution between tumours with differant deoxy- 
ribonucleic acid modes is perhaps suggestive of a 
hormonal influence: it was noted’ that the age- 
distribution of those tumoura with high modal 
deoxyribonucleic acid values was flatter, with 
Telatively fewer cases in the middle age-groups, than 
that of the near-diploid tumours, 11 cases aged 
over 74 had tetraploid modes, as compared with one 
which was diploid. These differences, however, are 
not statistically significant. On the other hand, when 
we calculate the relative height of the secondary 
(tetraploid) mode m 25 near-diploid aquamous cell 
cervical tumours chosen at random, we find that in 
9 cases more than 30 per cent of the cells fall within 
+°165 per cent of the secondary mode, and of these 7 
were from patients aged over 54. Only 5 of the 16 
tumours with smaller secondary modes were from 
. patients aged over 54. This difference is just signifl- 
cant (p = 0-033). A similar calculation for 18 near- 
tetraploid tumours shows that 6 out of 8 oocurring in 
patients aged over 564 have prominent secondary 
octoploid modes, as compared with 4 out of 10 in 
younger patients. The presence of a prominent 
secondary mode at twice the value of the primary 
mode does not necessarily umply that there are many 
cella with a doubled chromosome complement ; but 
there is no evidence that other factors, such aa the 
frequency of cells entermg mitosis, are responsible for 
the observed differences, which may therefore reflect 
the incidence of endomitosis or other doubling 


processes. 

It was found! that the modal deoxyribonucleic 
acid value of nearly a third of the squamous cell 
tumours of the cervix fell within + 15 per oent of the 
normal diploid value. Most of these tumours had 
only amall or moderate secondary ‘tetraploid’ modes. 
The tumours showing endomutosis, however, fre- 
quently had modes (primary and setondary) which 
were at least 15 per cent higher than the corresponding 
normal diploid or tetraploid values. It is hoped that 
further work now béing undertakeh will shed some 
light on the significance of this difference and on other 
problems connected with the occurrence of endo- 
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mitosis and related phenomena m human tumours. 
As to the relation between polyploidy and the degree 
of differentiation of the tumours, we have noted that 
there appears to be a correlation in the case of 
tumours of the corpus uteri, well-differentiated 
tumours being mainly near-diploid; no such 
correlation has, however, been found for equamous 
cell carcinomas of the cervix, or for squamous cell 
tumours arising at other sites. 

In summary, human tumours frequently have a 
primary modal deoxyribonucleic acid value in the 
tetraploid region, suggestmg that chromosomal 
doubling has occurred in the majority of, or all, the 
cella. Further, cytological observations suggest that 
endomitosis or some other doubling mechaniam may 
play a part in the growth of human tumours, endo- 
mitosis in partioular being a promment feature of 
some tumours, which usually ae hypertetraploid 
modes. There is evidence to suggest that the incidence 
of polyploidy in carcinoma of the cervix may bear & 
relation to the age of the patient. 

Thanks are due to Dr. Alma Howard and Dr. L. H. 
Gray for helpful discussion; also to Mr. G. Lee for 
technical assistance. This investigation has been 
supported by a grant from the British Empire 
Cancer Campaign. 
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THE AMARC HE CONVERGENCE—AND DIVERGENCE 


By Dr. K. WYRTKI 


Division of Fisheries and Oceanography, Commonwealth Sclentific and Industrial 
Research Organtzation, Cronulla, Sydney 


N a recent paper, Wexler! gives observational 

evidence of prevailing divergent motion along the 
lme which is usually called the Antarctic Convergence. 
Mackintosh" has determined the position of this Ime 
from syrface-tamperature data, considering the strong 
temperature gradient at the boundary of the antarctic 
and the sub-antarctic surface waters as indicative 
of its position. But until now no observational 
evidence has been grven for convergent motion along 
this line, as the smking of the antarctic Intermediate 
water occurs usually a few degrees farther to the 
north, as can be seen from the salinity sections given 
by Deacon’. 

Considering the Antarctic Convergence as a surface 
phenomenon in the light of Ekman’e theory,. it is 


evident that divergent motions connected with 
upwelling must occur to the south of the maximal 
westerlies and convergent motions and sinking to 
the north of them, but such a transverse circulation 
would not lead to the formation of a distinguishable 
water mass boundary. Consequently, this boundary 
must be related to the dynamioce of the antarctic 
circumpolar current. Stommelt has sketched a 
8 -type solution for the circumpolar current, 
in which the wind stress 1s balanced by a zonal 
pressure gradient, caused by the boundary formed by 
South America. This model explains the southward 
shift of the current ; but it implies that the current 
is attuated completely to the south of the maximal 
westerlies. 
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In order to check the relative positions of the belt 
of maximal westerlies, the cirommpolar current and the 
Antarctic Convergence, ther average positions have 
been determined. In Fig. 1 the position of the belt of 
maximal westerlies according to Wexler’, that of the 
Antarctic Convergence according to Mackintosh* and 
the volume transport function relative to the antarotic 
continent according to Kort’ are given. This diagram 
shows clearly that the axis of the ciroumpoler current 
coincides almost with the maximal weeterlies and that 
the Antarctic Convergence lies just to the south of this 
position. Consequently the say Novel current 
cannot be explamed exclusively by a Sverdrup-type 
solution ; but friction must aleo be of importance, 
and its effect will be to make the current coincide with 
the west wind belt. In fact, in Wexler's diegram, this 
- belt shows a shift to the south, correspondimg to that 
of the ciroumpolar current. 

A frictional conception of the ciroumpolar current 
allows an explanation of the water mass boundary, 
usually called the Antarctic Convergence. In tho 
presence of friction the motion is no longer geo- 
strophic, but has a down-slope component. If friction 
is considered to be proportional to the velocity, the 
angle a between the velocity vector and the isobare 
7, where f is the Ooriolis pere- 


ie given by een 
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SURFACE DIVERGENCE 
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Lof the transverse omroula 
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meter and r the friction ooeffioent. With f = 10+ 
seo.) and r = 2 10 sec.-!, tan a is 1/50 and a =. 
1-2°, which is indeed a small angle. 

The meridional motion at the surface near the 
centre of the current is now the result of the combined 
effects of the northward component of the Ekman 
drift current and of the down-slope motion due to 
friction, caused by the meridional preasure gradient. 
The north component of the velocity vg of the Ekman 
SD where 7+ is the zonal wind 
stress and D the depth of the Ekman layer. With 
T = 0-879 om.) Beo. t, D = 100 m., 3 = lg am, 
vg = 2-5 om./sec. results, representing the north 
component of the drift current under average wind 
conditions. The down-slope component of the 
gradient current, on the other hand, is given by 

ps where is the meridional alope of the 
sea-level. Across the current axis a slope of 50 cm. 
within 100 km. is quite a lkely value, and at the 
above given value of r, a velocity of 3-5 am./aeo. 
would result in a southward direction. 

With those estimates of the meridional components of 
the motion near the centre of the current, we oan now 
discuss the effect of strong and of weak winds on the 
transverse circulation in the current. At strong west 
winds (t > 0-8) the surface flow ia divergent to the 
south of the maximal westerlies, a northward transport 
of surface waters ocours acros the current axis, because 
the velocity of the drift current exceeds the down- 
slope velocity, and convergent motion occurs to the 
north of the maximal westerlies. This pattern of the 
transverse circulation is sketched in Fig. 24 and is 
almost identical with the conception of Wexler! of 
divergent and ing motion just to the south of 
the maximal westerlies. At weak west winds (+ <0°8) 
the down-slope flow in the centre of the current 
exceeds the drift current, causing a convergence at 
the right flank of the main ourrent and a sinking 
motion, which intensify the water masa 
there. The circulation pettern (Fig. 2B) shows, 
moreover, & divergence to the north of the maximal 
westerlies, which appears clearly in charta of surface 
currents*. 

A diagram giving G.E.K. vectors along a section 
across the circumpolar current, taken by a Russian 
ship’ along 20° E., shows clearly that the meridional 
components of the motion are southwards between 
49° and 51° S., where the temperature diagram indi- 
cates the Antarctic Convergence, and northwards to 


drift current is vy = 





* the north as well as to the south of this belt. 


From this discussion it must follow that the 
‘Antarctic Convergence’ is a divergence at strong weet 
winds, and a convergence at week west winds, but as 
it is always a water mas boundary and a olearly 


- distinguishable feature in the antarctic waters, it is 


suggested that it be named the ‘Antarctic Polar 
Front’. This does not ify the character of vertical 
movements along this and is in accordance with 


the terminology used for the corresponding feature 
in the northern hemisphere. 


1 Wexler. H., Rossby Mem. Vol, 107 (1959). 

2 Mackintosh, N. A., Discovery Rep., 88, 177 (19456). 

* Deacon, G. H. R., Discovery Rep., 15 (1937). 
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*Xort, V. G., U.B.8.B. Arotio Antarctic SoL 
Antaroio Exped. Inf. Bul., $, 31 (1950). 

* Behott, G., Ana. Hydrogr. Beri., 70, 11 (1942); 71, 281 (1948). 

1! Maximov, B. B., “To the Southernmost Land, Antarctica”, chap. 15 
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LETTERS TO THE EDITORS 


COSM OLOGY 


Interpretation of Caimen. 


Pror. W. H. McCrma’s views on the in 


tion of cosmology! oall for same comment. the 


universe turns out to have an inhomogeneous charac- . 


ter, then his remarks may be justified. But, in view 
of the paucity of observational testa that have been. 
adequately investigated so far, it would seam that he 
takes up a prematurely pessimistic position. 

MoOCrea asserta that there is an unoertainty of 
knowledge of the factors affecting the physical oon- 
ditions in those remote parts of the universe which we 
now see at an early stage in their history, due to the 
pina gis i te This uncertainty, he claims, 
increases with the observed red shift, and he is led 
to suggest that differences between various cosmoalogi- 
cal models cannot be detected as a matter of principle. 
In particular, caloulated distinctions between a 
steady-state universe and an evolving universe may 
be meaningless. 

` There is, of course, uncertainty about the factors 
affecting any set of phenomena, until we put forward 
a definite theory accounting for them. For this 
purpoke it may even be necessary to introduce factors 
or agents that we cannot ourselves observe, if we have 
reason for believing that they must be observable to 
other observers ee Spera experience has been 
similar to our own is in accordance with 
accepted solentifio method. We must try to fit the 
facts to what seams the most likely in 

In the case of the coamological problem the simplest 
and most direct approach, suggested by the Hubble 
law and the nebular counts, is to assume the ‘oosmo- 
logical principle’. This leads to a definite set of 
cosmological models : one is the steady-state model 
and.-the rest are evolutionary. 

As I have shown in recent papara, there are several 
tests which, given a plausible continuation of present 
advances in astronomical technique, should definitely 
decide whether the universe is in a steady state or not. 
It is true, as MoCrea points out, that the steady- 
state predictions differ from those of the evolutionary 
cases only in terms of order s, where s is the red shift. 
‘But on the other hand, the predictions for a steady- 


state model are quite definite and must be realized ` 


in a steady-state universe ona statistical basis, if 
we always choose fair samples for our observational 
data. There is no uncertainty in principle about the 
conditions prevailing in remote regions of a steady- 
state universe, since they must be the same conditions 
that we experience im our own ‘neighbourhood’ at 
the present moment. Consistent agreement of the 
universe with the various features predicted by all 
poenible teste for the steady-state model must there- 
fore establish it, scientifically, as the correct fit. 


If the universe is found to be not in a steady state 
then, retaining the cosmological principle, we must 
next regard it as evolving in a systematio way. In 
this case there are indeed great difficulties in predict- 
ing exactly what we should see in remote regions in 
the various models, because of the uncertain degree of 


evolution that has taken place during the ‘light time’. 
However, it should be appreciated that, by the coamo- 
logical prmpiple, the conditions viewed right up to 
our observational horizon were reelized in our own 
neighbourhood at the same cosmic epochs in the past. 
It is not imoonceivable, therefore, that we may 
ultimately find an adequate description of these 
phenomena in agreement with our own discovered 
pest. Such a possibility should not be excluded 
as & matter of principle. 

The difficulties of Interpretation which arise in an 
evolutionary universe were of course pointed out by 
the original advocates of the steady-state model‘. 
Even greater diffloulties arise if we drop the ooamo- 
logical principle and assume, say, a hierarchical model 
of the universe. In this case the uncertainty of the 
universe in toto would indeed be of the fundamental 
character that MoOrea has envisaged. 

An observational decision in favour of a steady - 
state, evolutionary, or hierarchioal universe would 

ave an importance not confined to physios. In due 

it would find its place in the basic philosophical 


‘Outlook of all mankind. Every possible effort should 


therefore be made to reach it. 


W. Davipsor 
“Mathematics 


_Battersea, College o: Technology, 


London, 8.W.11. June 30. 


1 MoOrea, W. H., Nature, 186, 1035 (1960). ° 

t Davideon, W. Men. Net. Roy. Asiro, Soe., 119, 665 (1059). 

* Davidson, W., Mon. Wot. Roy. Asiro. Soc., 190, 271 (1900). 

t Bondi, H., and Gold, T., Mom, Wot, Roy. Asire, Joc., 108, 25% (1948). 


De. Davipson re-states the orthodox view, and it 
is this view that I venture to call in question. 

we know all about the laws of teraction 
of different parte of the universe, and suppose we 
make all the observations of-the universe that are 
Pee Tene ks Then, for the reasons that 

stated, I conclude that there is an uncertainty 
about what we oan predict about the universe. The 
orthodox view is that theory can enable us to over- 
come this uncertainty. The view I suggested is that 
we cannot do better than in the circumstances just 
supp and that therefore ought to be 
m Bo that it does not claim to do better. 
The uncertainty contemplated here is of a more 


pessimistic about 


we deem to be a contradiction. 

W. H. MoOnaa 
* Royal Holloway College, : A 
Englefield Green, Surrey.- 
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Diamagnetic Moment of Gaseous Plasmas 
measured by Spin Resonance Techniques 


We report here a experimental resulta 
obtained m measurmg the diamagnetic moment of 
plasmas immersed m static or quasi-static magnetic 
flelds. Nuclear and electron spin resonance tech- 
niques were used for detection of magnetic field 
shifts; the results indicate that such techniques 
may be of value as a diegnostio tool in high-energy 
plasma research. 

A well-known theorem in statistical mechanios by 
Van Leeuwen! states that the magnetic moment of a 
classical free electron gas m thermodynamic equili- 
brimm in a magnetic fleld is zero. The physical 
interpretation of this result is due to N. Bohr?, who 
argued that the moment due to the electron Larmor 
orbite in the volume of a substance is identically 
cancelled by a boundary current of electrons elastically 
reflected by its surface. 

Since Bohr considered the electron gas in a metal, 
which is degenerate rather than classical, his result 
appears to be irrelevant. Also, m view of the larger 
Derema susceptibilsty of the electron gas in most 
metals, the diamagnetic moment from the Larmor 
motion is inscceamble to direct measurement. 

A dense free electron gas in & laboratory gaseous 
pimai is a clagsical gas which ordmarily 1 Maxwel- 

distributed except under special conditions. 
Horre in general it is not m thermodynamic 
equilibrium ; energy and particles are diffusing oon- 
tinuously to the surface or other limiting boundaries. 
The bounding surface, which provides» region “of 
recombinstion for KAT and ions im a plasma, is 
than reflecting. It follows that a 


gaseous 

have a non-zero diamagnetic moment. 
conventional model for ambipolar diffusion m a 
plasma, Alfven’ showed that the moment of the 


plagma should be : 


Moas (1) 








oa t+ eee 
where n is the number density of charges, T. and T; 
are the electronic and ionic temperatures, ons, 
yi are the electronic and ionic cyclotron frequencies, 
and Ye 4 are the collision frequencies for momentum 
transfer of the electrons and ions. For our work at 
low pressures and degrees of ionization (lesa than 8 
per cent) and relatively high electron temperatures 
(greater than 10 deg. K.), the momentum transfer 
collisions are determimed by the elastic and melestic 
cross-sections of the ia molecules. M wa 
maximum for vey = OHH 

To measure the functional a of M for low fields, 
we use an electronic spin resonance in diphenyl- 
picrylhydraxyl‘ to record the small decrease in mag- 
netic fleld observed just outside the tube 
on ita axis. Tate Sone Ry DNS ee 1 gm. of 
diphenylpicryfhydraryl in o coil orms one 
arm of A balensed bridge, fed by a radio-frequency of 
40-160 Mo./s. Resonances about 1} gauss wide are 
displayed on an oeron when H, is modulated 
by a periodico signal. plasms is pulsed every 
sii Gerd: GEA he enii RAe o auplaced 
alternately on the oecill , and field shifts as low 
as 0° 1 gauss may be detected. The results of such & 
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Fg.l. Damagnetio moment of a mercury plasma 


study on & low-preasure d.o. mercury discharge are 
shown in Fig. 1. The moment, which 18 obviously zero 
at zero field, appears to reach a maximum near 50 
gauss, and from equation 1, one obtains an energy 
denarty of 2'8 ergs/cm.". 


using different methods, agree with our results. 

Tho above method is lmited in its ape ieation: by 
(1) poor sensitivity because of the wide resonance 
line width of diphenylpicrythydrazyl and (2) because 
measurements of the shift of the electronic spin 
resonance must be made in the presence of a noisy 
plasma. 

For measurements at high magnetic field intensities, 
we have used a ‘n/2 pulso’ proton resonance technique 
such as described by Hahn’ and Spokas and Slichter*. 
A pulse of radio frequency, tuned to the resonance 
frequency of protons in a glycerine sample im or near 
a plasma in a Varian electromagnet, nutates the 
nuclear magnetization 90 degrees mto a plane per- 
pendicular to H, in a few microseconds. The radio- 
frequency excitation is removed from the sample, 
ne ee ee ee Baten: pia 
magnets following the pulse is compared with the 
frequency of the radio-frequency source ; the accumu- 
“lated phase difference between the two signals provides 
a measure of the field deviation from resonance. Any 
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Fig. 3. Dtamagnetio moment of a noble gas plasma 
fleld produced by the diamagnetiam of the plasma will 
further alter this deviation. 

Fig. 2 shows the signals obtamed. The upper 
en ore shows the nuclear resonance signal 
as it is phase detected after removal of the radio- 
frequency pulse (over-loaded portion far to left). 
The lower trace shows the same signal, but after a 
discharge current pulse was appled to s xenon 
plaams at about ðu pressure. The tube 
a haat ta Ae i E e aa the wae 
pulse at the lower | The spin precession signals 
are displaced m phase and in this instance the field 
shift amounts to 0:12 gauss. The discharge tube here 


The phase shifb was consistent in sign 
diamagnetism. Stray fields owing to currents passing 
through tube were found to give no 
observable phase shifts of their own. Fig. 8 shows 
typical results obtained in a relatively strong magnetio 
field. 

The limit of small fleld detection would appear to be 
about 1 part in 10%, with suitable narrow- 
techniques to improve the signal/noise ratio. 


energies by cyclotron resonance heating of the elec- 
trons a4 microwave frequencies is now in, progress. 
The above resulta imply that spin resonance tech- 
niques may be useful in high-energy plasma research 
and thermonuclear work, for example: (1) Measuring 
energy densities of plasmaa in magnetic flelds utilizing 
plasma diamagnetiam as given by equation 1. 
(2) Measuring any quasi-static magnetic field in a 
discharge using a small nuclear magnetic resonance 


probe, which yields [B() #) dt directly. 


We gratefully acknowledge the assistance of Prof. 
O. P. Slichter in giving advice on the nuclear resonance 


experiment . 
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Distorted Wave Approximation for 
Scattering Phase-Shifts 


Tex elastio scattering wave-function for a short- 
range potential function V(r) may be written in the 
form : 

[p (r) — kr[ji{kr)coad, — gilr mi(krjsimns:] (1) 


where j:(x) and ni(x) are the spherioal Bessel and 

Neumann functions ively, 3, is the soatbering 
phase-shift, and g;(r) is a form factor measuring the 
distortion of the incident wave ithe the Bo eee 
gi(r) must satisfy the boundary conditi 


gilr > 0) ~ rel, gir > œ) >] . 
We substitute (1) mto the integral equation for the 
phese-shift! ; 


Bind; = — (2uA%k)| V(r)bryi(krybi(r}ar (2) 
leading to: 


where ; 


tand; = By/(l — By) (8) 
Bu = — (4/04) V(r) bear (4) 


Bu = gumta) Vir)ktriyi(kr)ni(kr)dr (5) 


B; is the first Born approximation integral and 
By & new integral which is large at low energies, 
saa Saar ding to strong distortion of the incident 
wave- tion, and small at high energies. 

The simplest choice of g;(r) is made by introducing 

which the 


a out-off range fa beyond potential tail is 
negligible : 
gir) =filr) (r Krfa) 
i =l (> ra) (8) 
filr) must obey the boundary conditions : 
Sir +0) wr, fire) = 1, frfa = 0 (7) 


gi(r) and f;(r) are in general series expansions in r. 
However, gi(r) is involved only in the integral (5) 
for By, and this has an integrand behaving like 
rhs for amall r. Also for r > re this integrand is 
negligible, so that B,, is determined almost entirely 
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; i values of r which are leas than ro 
For light nuclei and small and intermediate b values, 
Jir) may be approximated by any monotonically 
increasing function of r satisfying the constraints (7). 
To a first ap ion, By, is i of the 

detailed shape of fi(r) as the latter’s contribution te 


For non-singular tal ean in aa 
varying function of re so that ra may be chosen 
arbitrarily by inspection of the potential. Singular 
walls such as the Yukawa potential are somewhat 


more sensitive to the choice of ra In general, best 
results are obtained if the scattering 
length a is known for the potential V(r). Usmg the 


definition : 


A tang 

a = tm ( — s 8 

eS (8) 

(3) may be used to find the value of ra leading to the 

correct a. Values of ra obtained by this zero energy 

normalization procedure are slightly different accord- 

ing to the funotion used for fir). A simple poly- 

nomial expression which is found to give good results 
for a number of potential shapes is : 


Silt) = AEN + 8)(rjra)¥et — (25 + Liria) (9) 


For k large, Byi/B,, > 0 and 3: is mall, so we get 
a second Born approximation from (8) : 


8, w Bull + Bu) © (10) 
For k small, (3) redupes to the eee eens 


formula? : 


koobd, = La + drok" + O(t) (11) 


ee of the a and r,. 

eng ae illustration of the application of formula 
(8) for 3, is given by the *S and 8 soattering of 
neutrons by protons at low energies, assuming square 
well potentials. We take for the nuclear wel dimen- 
sions the following values! : 


39 : V, = 36-354 MoV., b = 23-0048 x 10-3 om. 
19: V, = 14-058 MoV., b = 2-5860 x 10-4 om 
where V, and b are the depth and range respectively 

of the potential. 
In this case we should take ra = b. Values of 8, 


calculated by the exact formula, by the first Born 
approximation B,,, and by (8) are given in Table 1. 


Table 1. aes mea Hi FOR 5: AND. 28 
PCat be 


ba @ BY guana W 
Spimetate > Hract 4, Born approximation B,, 4, from (8) 
sg O-1 2-283 0-2337 2-0019 
0-25 2-0600 0 -5600 0381 
05 15176 0 -0026 1:5319 
1g 0-1 1-0026 0-1028 1 0298 
0-35 1-1020 0-4403 1 1085 
0-5 0-0214 0-0979 0 9479 


Values of 3, are improved by an order of magnitude 
at all energies over first Born tion results. 
Bee er ee ee 
with ra chosen in these cases by the zero energy 
normalization method above. 

For non-singular wells, such as gaussian, expon- 
ential or Woods—Saxon interactions, the accuracy of 
phase-shifte obtained using (3) is better than 3 per 
cent. 
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may give somewhat lees accurate (but still good) 


results, as the spherical Neumann function n,(kr) in 


(1) no longer correctly describes the irregular solution 
of the wave equation. This actually contains logarith- 
mic terms for a potential with a l/r singularity. 


P. Swan 
Physics Department, 
University of Melbourne. 
IMOR g. ideg E8. W. T tomie Colltskana’’, 
"Mather, e E and Bwen, P., aan. bon Hartig” (Cambridge 
Univerzity Press, 1058 


* Bhatt, J. aL, Pee n 647 (1948). 


METEOROLOGY 


Small-Scale Turbulent Diffusion in the 
Atmosphere 
Frenkie! and Kats! have recently published under 
this title the results of their experiments with 
instantaneously created smoke puffs. Starting from 
Terora pramon ee ee 
concentration in such a puff, assuming F(a), the 
correlation function, to be near unity for 
small values of the diffusion time, they have derived 


an for tho radius of the outer visible 
of the smoke puff, a, as a function of the 
diffusion time, t. arrived at a nearly linear 


relationship between a and t for small values of t. 
This conclusion is fully supported by thoir experi- 
mental results. 

Howey sone can Jouar ye rane eee 
tion R(a) ~ 1, smoe the experiments were 

Oe as cme ot eerie casinos Gere 
atmosphere. According to Sutton’s arguments*, or 
following the more rigorous treatment of Clarenburg? 
for the diffusion of smoke puffs emerging from an 
instantaneous point source, it seems better to put a 
proportional to ¢**/?, at least for small values of t, 
where n is a perameter depending on the turbulent 


To decide which of the two relations is the better 
one, we have calculated: (1) R(a,t), the correlation 
of a as a function of the time and the diffusion time 
plus 8 sec., thus allowing for the fact that the experi- 
mente were nob carried out with a perfect point 
source. (2) Riai**”), the correlation. of a as a 
function of the time and (t + 3s, 

The resulte obtained. are in Table 1. 
The values of a as a function of the time were taken 
from the tablea published by Frenkiel and Katz. 


Table 1. 





= 
Risi) | merane a,i) — Rie) 








0 9087 0 -99%48 — 00011 

0 -HHA 0 -0070 — 0 0020 

OMA? 00464 — 0-00R2 

0-9563 0-9500 — 0-0037 

0 9872 0 9882 + 0 0010 

0 -0813 0 G4 — 0 0081 

00042 00644 — 0 coun 

20 0 ITA 0 -0008 — 0 004 
28/2/1960 le 0 0665 1-0000 — 0 0185 
1b 0-0554 0-9610. — 0 0056 
te 00842 0-0851 — 00009 
2 0 9038 0 -9941 — 0-0008 
8 0 9900 0-0099 + 0-0010 
5 0-034 0 -9068 — 0 -0034 
9 0p 0-9821 + 0-0020 
10 0-9650 0-2098 — 0-0048 
i 0-9700 0-0646 — 0 0086 








“For a the value 0-26 was taken. ’ 


` 
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As can be seen from Table 1, both 
correlations sre significant. How- | 
ever, E(a**') is in nearly all cases 

‘erenloes 


Katz it may therefore be concluded that 
the more complete theory of diffusion 
TOAT ee 


bream of which would be beyond 

oe E r O aE aen 
erence will be even more pro- 

nounced for stability of the atmo- 

sphere. ` 

We wish to thank the Boerd of 

the National Defence Research Council, 

T.N.O., for permission to publish this oommunica- 

tion. 


L. A. CLARBNBURG 
0. E. Sraans-v. D. Tana 
Chemzsch Laboratorium RVO-TNO, 7 
Rijswijk (Z.H.), Nederland. 
t Frenkiel, F. N., and Kata, L, J. Meat., 18, 888 (1956). 
1 Satton, O. G., ‘ (MoGraw-Hll, London, 1983). 


* Cer T A- “4 Study on Atr Pollution” ( 
Utrecht, 1960). z 


ENGINEERING 


Initiation of Chemical Reactions by 
Mechanical Forces 


In is wall known that largo moleonles oan be de- 


A Radi A A, Evi- 
dence of such an initiation of chem- 
ical reactions by mechanical forces 


that the lead content of the pr>- 
moted a breakdown of large mole- 
cules and the combmation of free 
radicals with oxygen molecules, 
which in their turn formed li 
te E a 
In all these experiments the 
oosity of the oil decreased logarithm- 
ically with the time of running 
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(doctoral thesis, 





mi: tetracthy. 
3 57 mi. tetracthy! 


the engine, while the temperature coefficient of the 
increased. Tho permanent loss of viscosity 
duting rumning of the engine on & lead-free fuel was 
very similar to that obtamed when the had 
been driven by an electrio motor (Fig. 1). The fuel 
ee ee a With ‘leaded 
fuel’, however, the loas of viscosity was 
appreciably and. increased with the lead content 
of the fuel. Yet, the increase in the temperature 
coefficient of the viscosity of the oil did not exceed. 
in these cases the increase obtained when the engine 
pn ee ee a a _ The 
temperature coefficient of the viscosity is here 


d (log log (y + 0-6)) 
(log T) 
where v is the kinematic viscosity in o8. and T the 
absolute This could imdicate that a 


greater number of large molecules was broken down 
in the presence of lead and that also the reactions 
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The dependence of the mechan- 
idal degradation of the ofl for a 
given shearing stross upon the size 
and concentration of large molecules 
was confirmed when the engine was 








driven by an electric motor (Table 2). 

Proof was also obtained thas an 
oil the large molecules of which 
had previously been degraded by 





Vincoalty (08.) at 100° F. 


driving the engine for a prolonged 
period (96 hr.) with an electric 
motor suffered afterwards very little 
permanent logs of viscosity while 











ably, while the naphtha imsolubles 





0 48 


og 


48 
Hr. 


Fig. 3. Permanent loss of viscoalty of lubricants 


of the free radicals with oxygen molecules were, 


promoted by the presence of lead. In fact, the 
sludge and acidity of the used oil showed a noticeable 
increase with the lead content of the fuel on which 
the engine had been run (Table 1). 


Table 1 
Studge and acidity of used of] containing 1-2 per cent volume of a 
of molecular 
polymer ayproximataly sree weight of 18,000 ma 











* Lead content as ml tebrasthyl lead per Imperial gallon. 


Table 2 
Permanent loss of viscosity during motoring of an internal combustion 











Table 8 
Comparwon of the relis obianad Tiin an oi oontaming 1 pe 
cent volume of a polymer aig gins eye tTmoleoular weight 
18,000 fn a s + mineral before and after 6 had Doen ee 
In both cases engine had been run on the samo ‘leaded fuel 























and the acid number increased sig- 
, from 0-12 to 0-24 per cent 
‘and from 0:18 to 0:82 mgm. potas- 
sium hydroxide/gm., respectively. 
In all these experiments, the engine 
‘was Tun, at & speed at which it was estimated that 
the mean rate of shear m the main bearings was of 
the order of 107 s60.-}. 
ROBERT NOHNURMANN 
Ivon 8. SrRINaER 
Esso Research Lid., 
Abingdon, Berka. 
1 Morns, W. J., and Schnurmann, B., Nature, 180, 074 (1047). 


Growth of Sulphide Films on Steel 


SuLrHus and its compounds are widely used as 
‘extreme preasure’ additives in gear oils. They can 
scuffing of the gears by the formation of 
ide films. The kinetics of the forma- 
at high temperatures is of techno- 
logical interest, and a study of this problem waa 
made in this Laboratory, using radioactive tracers 
and electron, microscopy. 

In order to simulate the brief temperature flashes, 


- which occur when gear teeth mesh, rectangular 


pulses 
of electric current were _ through a metal 
pulses lasted for 
4 msec. and were followed by periods of 40 m.seo. 
during which no current was passed. The wire was 
containing sulphur 


salphur-85. After polsek tho 


passing 
eG ae aise as ce 
The film thickness was calculated by using a suitsble 
calibration procedure. The wires were 2:5 om. long 
and 0-025 am. diameter and were of mild steel, stain- 
less steel, ‘Armoo’ iron, or brass. Pulse 
pe tures over the range 100-700° O. were used 

ie cage ee ea 
mild abeat ill be discuanel hare 
Tt was found thet the resulta followed the general- 
ized parabolic law of film growth! : 

d! + kid = kg (1) 


where d ig the film thickness and t the time of reaction ; 
k, and k, are constants. For the present experiments 
it was le to substitute N, the mumber of 
pulses for t, and the applicability of equation (1) was 
tested by plotting d versus N/d. 8 lee inter- 
secting the d-axis showed that the law was applicable, 
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1 2 3 4 5 
Nh (1/4.) 
, no. of 


thickness; N, steel, pulse tem- 
400° 0. 1,2, dibensyl sul 


Mild 
; 3, 4, elemental sulpho: 


and this is illustrated m Fig. 1. Curves 1 and 2 relate 
to solutions of dibenzyl disulphide, containmg the 
equivalent of 0-5 and 0-25 per cent by weight of 
sulphur. Curves 3 and 4 refer to elemental sulphur 
in simular concentrations. Mild steel wires and pulse 
temperatures of 400° C. were used m these experi- 
ments. The resulta can be interpreted as follows: 
durmg the first few pulses a fast reaction led to the 
build-up of relatively thick sulphide films (reaction- 
rate constant b). Soon, however, the reaction-rate 
alowed down and wes then governed by a diffusion 
mechanism, characterized by the constant k, The 
coefficient of diffusion, D, and the energy of activa- 
tion, A£ p, could be calculated from the 

results. For elemental sulphur solutions and mud 
steel at 400° C., D was about 5 x 10>* cm.*/seo. 
and Ap about '20 koal./mole. 

It seemed important to establish whether, during 
the mitial stages, a uniform film developed over the 
surface or localized occurred. This was 
investigated .usmg an H.M.6 Metropolitan-Vickers 
electron microscope. Two techniques were employed. 
Extraction replicas were prepered by eva ing 
carbon on to the surface of the wire. The was 
removed by etching the wire for a short time in 10 
per cent nital, then transferring it to distilled water 
where the film became detached from the wire and 


a, ie 


Fg. 1. @, film 
perature, 





Fig. 2. 


(x c. 26,700). 
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waa collected m the usual way. Fig. 2u shows & 
micrograph obtained by this method. Apart from 
relatively thick regions, a large number of whiskers 
can be seen. Further information about the structure 
of the film was obtained by examining hided 
wires directly m the electron microscope. Fig. 26 
shows the shadow cast by the edge of a wire. Large- 
scale growth of sulphide had occurred in a few places 
(marked A). The surface of these areas 
of growth shows the roots of the whiskers (marked B). 
The primary film of sulphide formed on the surface 
is shown not to be uniform and to consist of locahsed 
growth terminating in fine whiskers. 

A fuller account of the work will be published 
elsewhere. 


Lubrication and Wear Division, 
National Engineering Laboratory, 
Thorntonhall, 

Glasgow. 


1 Kubeschewski, and Hopkins, B. E, “Oxldation of Metals and 
en ST aa epkin B. Bg 53). 


METALLURGY 


An Iron-Silicon Carbide 


Many microconstituents alleged to be iron carbides 
containing silicon have been reported'*. Marlos* 
carried out a systematic microscopic examination of 
rapidly cooled irons odntaming up to 7 per cent silicon 
and 1-7-3-6 per oant oarbon. A non-heat-tinting 
constituent described as a ‘silico-carbide’ was found 
associated with cementite. Hurst and Riley* found 
a micro-constitment containing carbon and silicon 
in rapidly cooled iron—silicon—carbon alloys containing 
10-15 per cent silicon. More recently, Owen and 
8treet* identified another micro-constituent, believed 
to be & carbide containing silicon, in slowly cooled 
high-purity alloys containing 5-8 per cent silicon and 
small amounts of carbon. This carbide was desig- 
nated the X-constituent. 

Previous X-ray work on these carbides failed to 
detect any similarities in their crystal structure, and 
the exact structure of each carbide was not ascer- 
tamed. We have completed a detailed examination 
of the Marles carbide, the Hurst and Riley carbide 
and the X-constituent in solid and in extracted 
specimens. Using lithium fluoride monochromated 
radiation with a Debyé—Scherrer technique, we find 
that all three carbides have the same crystal structure. 
The unit cell is hexagonal with a = 11-7 Å., o = 
10-8A. and c/a = 0-925, and no variation of these 
parameters with composition was detected. 

We have attempted to determme the chemical 
composition of the hexagonal carbide by lineal 
analysis of selected micro-structures. In addition 
the carbide has been extracted and chemically 
analysed by the British Cast Iron Research Associs- 
tion. The general results suggest that the carbide 
contains approximately 9 per cent silicon and 6:5 
per cent carbon, giving a formula for the carbide of 
Fe,8i,C;. However, there is considerable scatter 
in the results, and this formula cannot be taken to 
be firmly established. 

Harry’ and Leslie & al.'s,’ have reported carbides 
other than cementite in low-carbon silicon steels, 
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containing up to 0-10 per oent carbon and between 
3 and 4 per cent silicon. The reported X-ray diffrac- 
tion and electron diffraction patterns cannot be recon- 
oiled withthe pattern, obtained Ironi the Neragonal 
carbide reported here. 

This work formed part of a larger ropsarch which 
will be described in Journal of the Iron and Stoel 
Institutes. The work was supported by the Andrew 
Carnegie Research Fund. 

J. QG. Humpneuys 
Waren S. Own 
Department of Metallurgy, 
University of Liverpool. 
1 Gonterman, W., J. Iron and Steel Ins., Mo. 1, 421 (1011). 
: K., and Murakami, T. J. Iron and Steel Inst., No. 1, 545 


+ el a sand Pobol, Fs J. Iron and Steal Inst., No. 2, 101 (1080); 
omer UY sea aus Sia Era ths GUDAN. 


„ and Birest, B. a. J. Irom and Steel Inst., 172, 15 (1982). 
J, Iron and Steet Inu., 167, 241 (1951). 

O., Fisher, B. M., and Sen, N., Aaa Mat., 7, 682 (1050), 
, German, L., and Leslie, W. O., Mature, 184 


CHEMISTRY 


lonic-Covalent Bonding in Crystals © 

Iw discussions in the literature regarding bonding 
im morganio semiconducting (or insulating) orystals 
there seeme to be some confusion between bond 
ionicity on one hand and charge separation effects 
due to electronegativity differences on the other. 
This appears to have arisen from the common 
assumption that the ionic component of bonding in 


(that is, that & compound with, say, Ac = 1-0 must 
be more ionic than one with Aw = 0-5). Without 
some qualification, this assumption can be very mis- 
leading. 

Some elementary arguments regarding 
tivity will serve as a useful introduction. This 
parameter, defined following Mulliken as the mean of 
the first ionization constant and the electron affinity 
of an isolated atom, can be considered a measure of 
relative electron attracting power. It is not, however, 
a constant since it ds on the orbital employed 
(for s — p hybrids it been shown to decrease aa 
the orbital becomes more strongly directed’), on the 
degree of. hybridization, and also on the effective 
ionic charge (increasing with positive charge, decreas- 
ing with negative’). Most existing scale of electro- 
negativity, incidentally, take little account of these 
affects. 

When atoms with different electronegativities 
combine, the more electronegative elament tends to 
become negatively charged, which lowers ita electro- 
negativity, while the opposite is true of the læs- 
electronegative element ; ab equilibrium both atoms 
have the same effective electronegativity*. Con- 
versely, if before combination there is no electro- 
negativity difference, no charge tranafer will ocour. 
These arguments apply equally to diatomic molecules 
and to the quasi-infinite molecules im ionic-covalent 


orystals. 

It will be assumed in the following discussion, as a 
matter of definition, that by a covalent bond is under- 
stood one in which the bonding electrons are equally 
shared between the bonded atoms, and by an ionic 
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bond one in which they are associated solely with the 
electronegative constituent‘, It will also be 
assumed that continuous linear variation in bonding 
electron distribution is possible between the two 


. extreme forms, and that effects associated with over- 


lap can, be neglected. 

Applying the previous arguments to a typical 
ionic-covalent crystal, zino sulphide, it follows that 
no e separation would take place if zino and 
sulphur, as free atoms, had the same el tivi- 
ties. In this case each atom in the lattice would have 
its normal complement of valence electrons aasovisted 
with it (zino two, sulphur six). 

Such an electron distribution gives the ‘neutral’ 
formulation Zn*8°, which is to be with the 
extreme covalent formulation Zn*8* (equal sharing 
of the electrons, see, for example, Pauling‘), and 
ionic formulation Zn™*8* (electrons associated solely 
with the electronegative constituent). 

It will be noted that, lying exactly midway between 
these extremes, the ‘neutral’ bonds of Zn*S* would be 
formally 50 per cent ionic (or 50 per cemb covalent), 
that is, with equal contributions from covalent and 
ionic farms. 

Neutral bonds of this type, however, would only be 
formed in the absence of any difference in electro- 
negativities. Sulphur has in fact a considerably higher 
electronegativity than zino, 80 that in orystalline 
zino sulphide tion will take place with 
respect to the neutral bond state, the hur atoms 
becoming negatively charged and the bonds becoming 
more than 50 per cent ionic. 

This simple approach (which first to have 
been pointed out some years ago’) is capable of general 
application to ionic-covalent solids (and also to dative 
bonds in simpler molecules), since in all cases the 
neutral bond state is the natural zero point for charge 
separation, arising from electronegativity differences. 
If only one type of bond is present in the ‘lattice the 
neutral bond state can be deduced by inspection. 
Thus for all AUX! oompounds (of which zino sul- 
phate is an le) it oocura at 50 per oent ionic 
bonding, for AIX Vi 
chloride (covalent form AXVU*, 
ATX VIL-) at 75 per cent, and for AUIXY 
such as aluminium nitride (covalent form A erties w, 
ionic form- AUX Y!) at 25 per cent. For more 
complex compounds in which more than one type of 
bond is t each type can be asasigned ita specific 

nenkealsbond ionicity independently. The actual 
Dania te Soone wil of couse tepact eae ake 
neutral form(s) to an extent dependent on the 
appropriate electronegativity difference(s). 

This raises the problem of what scale of electro- 

negativity is applicable to solids. It is not 
to discuss this matter in any detail, but the following 
observations appear pertinent. 

In principle there is a separate electronegativity 
scale for every type of bonding orbital, equally 
applicable to atoms in solids or in simpler molecules. 
The relative order of the elements should show little 
variation from soale to scale, but, as mentioned 
above, absolute electronegativity values can change 
with directivity or hybridization of bonding orbital. 
It would seem, however, that even between extreme 

cases this change is unlikely to exceed 0 5 unit, so 
thet, Pauling-type scales are probably not grossly 


misleadmg icularly for large electronegativity 
differences) if one wishes to obtaim some idea of the 


sign and relative extend of charge separation. (It 
should be noted, however, that there are in any event 
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errors arising in determining Pauling type electro- 
iti a AE ony ee oe 

+ 0-1 unit or more.) The Sanderson soale*,’, 
Fel oe i ee es 
inos it is epparently derived for the case.of a single 
bonding orbital. 

Finally, even for simple molecules there appears 
to be no reliable relationship between charge separa- 
tion and electronegativity difference, and little 
attempt has been made to establish one for solids. 
In this connexion the alkali halides, with an electro- 
negativity difference of ~ 2 unita, must presumably 
show separation of, effectively, a whole electronic 
charge. Perhaps values for smaller electronogativity 
may eventually be deduced from rest- 
strahlen frequency meesurements, but, as pointed 
out by Matosi’ and others, this approach is not 
promising. For the present one can only 
monotonic increase of charge separation with electro- 

edged examples to ‘illustrate theae points follow : 

Consider the tscelectronic pair sodium fluoride 
(AIXVIL group) and magnesium oxide (AUXVI 
group). Neutral-bonded sodium fluoride would be 
75 per cent ionic (see above) ; 


lattice almost 100 per cent ionic. In contrast neutral- 
oxide is 50 per cent ionic, and, 
difference than 


tivity 
oxide lattice is unlikely 
tbe oven 78 per cant on (th epprciablecovalenny 
of ita bonds gives magnesium oxide very 
properties from sodium fiuoride, for ae ted hard- 
ness). 

With regard to semiconducting compounds the 
Present approach indicates that I LI-Y sino’ blende 


mpounds (like zino sulphide) 
must be more than 50 per cent ionic. This is in agree- 
ment with microcleavage data’ and, for the case of 
` galliam arsenide, with estimates based on an analysis 
of spin-orbit splitting m infra-red tranamission 
spectra?®, 


Pyrites (Fo8,) is a simple example of more complex 
compounds in which more than one kind of bond may 
be present. The 8—S bonds in pyrites can be assumed 
oovalent, leaving 12 electrons for 6 Fe—S bonds". 
Only two of these * to Fe, so that the neutral 
form of the Fe—8 bond is 2/6 (that is, 88-3 per oent) 
covalent. The actual difference in the electro- 
negativities of Fe and 8 will further reduce this 
covalent contribution in the real lattice, but will have 
no comparable effect on the 8—S bonds. 

Generally compounds tend to be more ionic than 
the neuiral-bonded form singe, as would be expocted, 
elements 


ppropria tivity difference is only 0-2 
unit, which is within the limit of accuracy of avail- 


able clectronegativity scales. Similar arguments may 
also apply to As,Te,. Electronegativity vanes are 
taken from i 1a.) 


From many points of view it would usefgl 
io differentiate, bro ionia eomboneatiarc? bonding ia 


solids : Se tee ene oal 
bond structure, charge separation ionicity 

from electronegaiivity differences. It is the cae 
of these which is responsible for optical scattering of 
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charge carriers in semi and, to some extent 
at leagt, for the difference between high- and. low- 
frequency 


components - 
account when considering bond-strength and related 


C. H. L. GOODMAN 


1 Coulson, O. A., “Valenco” (Oxford University Press, 1983). 

* Deudal, P., and Dendsl, R., J. Phys. Rediom, 7, 12 (1946). 

* Sanderson, R. T., J. Amer. Ohom. Soc., 74, 2373 (1052). 

“The Nature of iho Obemieal Bond” (Cornell Untvarnty 


Optically Active Forms of a Derivative 
of Tetra-substituted Sulphur 


of the configuration of unevenly 


4nd resolutions ; but the evidence for the 
structure of tetra-substituted e ia rests solely on 
a aa investigatiang. 
The simplest member of a new claas of sulphur 
compound, dimethyl sutphoximine, was first 
by permanganate oxidation of SS-dimethyl-N- 
toluene-p-sulphonyisulphidimine to SS-dimethyl-N- 
s Isulphoximine, followed by acid 
is. ee AEEA ER T 
chloramine-T, one sterecisomer sodium-4-(8- 
ramon rE e e i seemed of 
interest to its conversion, to the sulphoximide 
of a mired ide in order to investigate poesible 
isomerism of the d0.d8. and dC.LS. type, suggested 
Pana TOL ovrog taoti The sulphur—nitrogen linkage, 
in the. sulphidimine, and the sulphoxide bond are 


tiene of tho imstabiity of ealphidimines of mixed 
sulphides, 


Seas! 


by the more general route of treating 

the sulphoxide with -hydrarcic soid), giving the 
sulphoximide as a neutral stable compound, 

m.p. 203-204°. The infra-red spectra showed nitro- 
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ion at 6-6 and 7-4 and strong bands at 
7:7, 8-1, 8-7 and 8-2, whioh are also the prmoipal 
bands in the of the SS-dımethyl-N -tohuene-p- 
sulphonylsulphoximine, and compared with the 
Torma of the p-nitrophenylmethyisulphidımine 
owed shifts in the position. of the major bands 
identical to those observed between the spectra of 
the dimethyl analogues. 


Condensation of the optically active 4-(3-menthyl)-_ 


benzenesulphonylohloride, m.p. 13°, [a]3t, + 64°6°, 
obtained by suitable treatment of an optically pure 
strychnine 4-(3’-menthyl)-benzenesulphonate with 
p-nitrophenylmethyleulphoxmmine gave S-p-nitro- 
phenyl - S - methyl -N -[ 4 - (3 - menthyl) - benzenesul - 
phonyl)-sulphoximine as a mixture of diastereoisom- 
erides, rap. 183-186°, [xh + 34-0°, which showed 
large changes of rotatory power on, recrystallization. 
The leas-soluble form, thick hexagonal plates from 
methanol-chloroform, had m.p. 150°, [a],%, — 155°, 
[a2 — 124°, (Found: O, 57-7; H, 6-2; N, 6-0; 
B, 13-5. O,,H,,0,N,8, requires C, 57-7; H, 6:38; 
N, 5:9; 8, 13-4 per cent). Systematic fractions- 
tion of the mother-liquor has given an extreme 
crop, m.p. 138~140°, [a} 1, + 171-9°, [a]? + 138°. 
(Found: ©, 57-6; H, 6-3; N, 6-1; 8, 18-1 per cent.) 
The infra-red spectra of the diastereoisomers were 
almost identical and showed the charaoteristio 
sulphoxunide adsorption. 

These resulta give an. indication of A E at 
the tetrasubstirtuted sulphur atom and therefore it 
seems that, like the sulphones and sulphuryl halides‘, 
this claas of sulphur compound ‘has a tetrahedral 
structure. 

I thank the Council of Bedford College for a post- 
graduate , Dr. D. G. H. Daniela, and the 
Research Director of the Research Association of the 
British Flour-Millera for i of the dimethyl 
sulphidimine and sulphoximide for infra-red com- 
parison, and Mr. J. F. Robinson for technical 
assistance. 

M. Barasa 


Bedford College, 
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A New Method for the Synthesis of 
Cyclic Ethers 


Hermmocranio compounds having four members 
in the ring are difficult to prepare, and are generally 
leas well known than the 3-, 5- and 6-membered rings 
of the same Peer the cyclic ethers, for example, 
oxetanes have studied relatively little compared 
to oxiranes and tetrahydrofurans. 

The oxetanes have considerable potential aa 
chemical intermediates and solvents provided that 
they could be made economically. For example, 
oxetane polymers, particularly from 2,2-disubstriuted 
oxetanes, have interesting properties. However, 


expensive and give moderate yields, at best*. 


NATURE 


August 13, 1960 vo. 187 


only exceptions are the ring closures involving 
the trihalo derivatives of penteerythritol’ and the 
pyrolysis of hydroxy-cyclic carbonates*. 

Recently, a new, general synthesis of oxetance has 
been reported. This synthesis ıs a direct, cheap 
Giicean civing Tai yila ‘and E baa bean’ Gather 
investigated to determme ita scope and lumitations. 

The synthetic procedure is simple. A diol with the 
hydroxy groups separated by 3 carbons is dissolved in 
concentrated sulphuric acid. The mixture 1s dropped 
mto a boilmg solution of aqueous csustio. . 8 
product oxetane distils over as it is formed. The 
distillate separates into two layers, as a general rule. 
The ether is salted out of the aqueous phase, dried 
over calcium hydride, and distulled. The 
is also useful. for the preparation of other cycho 
ethers, such ag tetrahydrofurans and tetrahydro- 
pyrans. 

The various oxetanes which have been made by 
this procedure are listed in Table 1. In all runs, 
55-5 ml. of 98 per cent sulphuric acid waa used to 
dissolve the diol. 


Table 1. Crouio Hromms - 
Oa usto 
Diol (gm.) (gm. and Product (gm.) int 
per oent) 0.) 
Reoptityl 240 (55) 2,2 1 TO 2-80 3 
104) oxstans 
2-Butyi, 2-eitbyl 340 (55) 2-butyl, 2-othy. 181 2-183 9 
1 ropansdiol (142) oxetane (44:4) 
1,8-Butanodiol (90) 240 (64) eet 68-61 
abou 
2 Hihyl-1,8 240 (55) 1-m-propyi, f-cthyl 152% 6-165 5 
hexenedsol (146) oxetens 3) . 
2,2-Diothyl 240 (55) e rif, 180-141 . 


oxetans (38 - 
tetrabydroforan (47 1 


Re, paf eects 
ge shat cheat oe 


1 Pentanediol (1 ) 240 (55 
a 2 240 (55 
146) 

In an attempt to obtain an optimum yield of 2,2- 
nay oxetane from this synthesis, a factorial 

was run, in which the factors were, the 


fo pa 
trength : ; equimolar, 6o paz o 
oeit eroris Mith repect to yool 
Hens) a Eo coe oent excess with respect 
ner cele 


The resulta of the experiment, together with rephos- 
tions, are given in Table 2. The values are grams of 
product obtained from 208 gm. neopentyl glycol as 
starting material. 

Table 2. FAOTORLAL DEEIGN URED TO DITHARMINE SIGHIFIOANON OF 
VaR BLES 
Sodium hydroxide 


metre ommtex- metro oeantax- 


cess and ooms acid. 
Initial 70 wt 50 paroent 492 87-1 48 1 boa 
per cent excess caustic 46 0 31-3 
cone, Stoichiometric 16 2 19 9 13 1 146 
Inıtial 40 wt. 50 per oent 78 11-5 546 18-7 
per cent excess caustic 21-6 
oont. Btosehiometila 70 20. 20 340 


An analysis of variance of the factorial experiment 
shows that only the amount of caustic, the conocentra- 
tion of caustic, and their mteraction have significant 
effecta on the yield of oxetane. 

Because of the nature of the process, it is felt that 
the instantaneous concentration of caustic is the 
variable actually affecting the yield of oxetane. 
The amount of excess base only affecte the range of 
concentrations during a run. In another experiment, 
a number of rums were made at varying concentra- 
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32 


24 


Yield of axetano (per oent) 
8 





So 30 40 20 60 70 2 


30 
Imta] odum hydroxide concentra ton 
(Two hundred yer cent sxoses sodium hydroxide used) 


Fig. 1. Hiffect of sodium 
yield 


lam t concentration upon the 
tions of caustic. In each case, 200 per cent excess 
caustic was used so that the concentration of base 
remained fairly constant during the run. The resulte 

in Fig. 1. It is seen that the maxmum 
weld of oxetane occurs at an initial concentration of 
base of sbout 50 per cent. 

Since the yield of oxetane is relatively low, and 
since only small amounta of non-condensable by- 
producta were noted, the composition of the residual 
solution was briefly in In one experiment, 
using 104 gm. neopentyl glycol, 55-5 ml. sulphuric 
acid, and 480 gm. of pE Ai e Or 
21-2 gm. of dimethyl oxetane was gear as ace 
residual solution was neutralized sulphuric said 
and extracted with ether. A total of 38 gm. of 
material was recovered from the extracts. This 
material appeared to be substentially unchanged 


neopentyl glycol. 

In another experiment, using 208 gm. neopentyl 
glycol, 111 ml. sulphuric acid and 440 gm. of 54:5 
per cent caustic, 53 gm. of dimethyl oxetane was 

uoed, end 78 gm. of crude glycol was recovered 

a chloroform extraction of the diluted and filtered 
residue. The recovered glycol was distilled, and 
50 gm. of the material came over between 200° and 
207° O. A few grams of residue remained when 
decomposition began. The results of the two experi- 
ments are sean to be quite similar. In the latter 
experiment, 185 gm. of glycol was consumed, & 
conversion of 65 per cent; the yield of product is 
53 gm., or 47 per cent, based on the amount of glycol 
actually used up. 

It. was noted that additional material could be 
recovered. a chloroform extraction of the residual 
solution, the solution had been neutralized 
with sulphuric acid. This material was recovered as & 
viscous liquid, which slowly crystallized, and was 
clearly not neopentyl glycol. Because of the limited 
solubility of this material in chloroform, it was not 
quantitatively recovered. 

About 30 gm. of crystalline material, of moderate 
solubility in water, insoluble in chloroform and 


` acetone, and having an infra-red spectrum consistent 


with an ionic sulphonate, was isolated from the run 
in the factorial experiment made with 50 per oent 
excess oleum, and 50 per cant excess of 70 per cent 
caustic. This material was not further identified. 
Presumably, the formation of this, and similar 
materials, accounts for the greater part of converted 
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glycol not ap as oxetane. As already noted, 
very little volatile by peedatt is formed. Further 
work is in progress to identify these side-producte 
and to obtain a complete material balance, aa well 


pa a acu a aa 
L. F. SommoyEn* 


: Atlas Powder Company, Wilmington, Delaware. 
E, J. hEN Vg E 68, 1309 (1934). 
Chom, Boe Baa RO ae Sine’ ae 
* Fonteyne, B., and Ticket, M. a ony . 
Hercules Powder Oo. But Bat a 68 Djim 48 (Dec. 10, 1950) ; 
U.B. Pat. 2,704,027 (May 28, 195 
* Pattison, D. B., J. Amer. ae sane: 3455 (1957). 
1 Behmoyer, L. F., and Case, L. O., Nature, 183, 390 (1050). 


An Ortho Effect ivenane Fungitoxicity, 
Electronic Absorption Spectra, and 
Chemica! Reactivity with Mercaptalbumin 


Tue derivative of 2,4-diohloro-6-anilino-s-triazine 
containing a chlorine atom in the benzene ring ortho 
to the imino group is less toxic to conidia of Neuro- 
spora siiophila (Mont.) Shear and Dodge than the 
corresponding meta or para isomer’. 


Ci 
m o n< 
’ NH N 
Q <er 

Ee ui ae 
the amount of toxicant taken up by the 
spores from the ambient solution, the #.D50 values of 
a des i il gh aioe ara ora 
on & spore-weight basis. recent results obtained 
on conidia of N. siiophila reveal that the same order 
of uptake is followed when the substituent group is 
methyl or ethoxy (Table 1), and that substitution of 
the imimo hydrogen on the bridge connecting the 
aromatic and heterocyclic rings with a methyl group 
also reduces accumulation, of the chemical by the 
spores. The effect is greatest when both an ortho 
hydrogen and the imino hydrogen are replaced by 
methyl groups. In this case only 15 per cent of the 
applied dose is taken up compared to 77 per cent for 
the p-methyl derivative. The same pattern is also 
found for the uptake of these compounds by conidia 
of Myrothecium verrucaria (Alb. and Schw.) Ditm. 
ex Fr., Glomerella oingulata (8t.) Sp. and von 8., and 
Aspergillus niger van Tiegh. 

These obgervations suggest that maximum uptake 
of the triaxine is obtained when the aromatic and 
heterocyclic rings can assume a coplanar configura- 
tion, since bulky groupe in an ortho position of the 
bonsana ing oF oa (he beidee nibor et "gald taberture 
with free rotation through van der Waals repulsion 
Table 1. INYLUKYOR OF ISOMMRIEM ON SHR UPTAKE OF + TRIAXISE 


Darmita BY CONDI OF stiophtia at APPLIED DOSES OF 
o Minmmonnian Pas Guise oF Bronms 











` 
v 
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compounds arises predominantly from r — n* transi- 
tions. In particular, rs weights of ionic valence- 
bond structures of the followmg type im predicting 
electron. density distribution in the resonance hybrid 
would be reduced : 


O8} Oaa 


On comparing the electronic spectra of s-triaxines 
substituted in various positions with methyl groups, 
it can be seen that ortho substitution produces & 
hypsochromic shift of 82 mp coupled with lowering 
of intensity when the solvent is acstonitrile (Table 2). 
Substitution on the imino group causes a blue shifo 
of 25 mp, but the molar extinction is not changed 
appreciably. In oyolohexane solution, the blue shift 
arising from ortho substitution is only 8 mp, but the 
molar extinction coeficient is reduced by 20 per cent. 
The N-substituted isomer exhibits a pronounced blue 
shift in both solvents. By contrast, small red shifte 
occur in both the polar and non-polar solvents when 
methyl groups are substituted for hydrogen in the 
meta or para positions. Similar resulta are obtained 
when chlorine atoms and ethoxy groupe are substi- 
tuted in the aromatic ring, indicating that bulky 
ortho substituents reduce conjugation. This is highly 
correlated with the amounta of these compounds 
that are taken up by fungus spores. 


Table 2. HLIOTRONIO ADSORPTION DATA ON H RLALEA DERIVATIVES 
IN yolo HEAKS AKD ACETONITRILE 











Concurrent studies on the kinetics of the nucleo- 


mercaptalbumin' 
that an ortho effect occurs here aa well, the o-methyi 
isomer being only about 10 per cent as reactive with 
the protein as the meta and para isomers. It is 
unlikely that this resulte from a higher energy of 
activation in the reaction of the ortho isamer with 
coefficients for the reactions of the three isomers with 
glycine are about the same. Steric effects are unlikely 
to be involved to a major extent in this latter caso, 
because of the small size of the glycine molecule. 
Therefore the net electron-releasing power of the 
methyl group, arising from induction and hyper- 
conjugation, has the same order of magnitude at all 
three positions in the aromatio ring, leaving steric 
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hindrance aa the only way to account for the low 

reactivity of the ortho isomer with the protein. 
At present it 1s not clear whether the ortho effecte 
in the interactions of the s-triazines 


with spores and the animal protein arise 
froma ion in degree of coplanarity of the rings, 
or steric hindrance of hydrogen bonding ab the 


imino group, or both. However, the possibility that 

8-triazines of this type can form hydrogen bonds with 

metabolic substrates is supported by the finding 
is signifiant) ‘i 


tyrosine 
perhaps because hydrogen 
groups of the latter molecules with the phenolic 
hydroxyl group of the tyrosine speeds up the reactions 
by a Michselis-Menton type mechanism. 


Burchfield, and 
Inst., 18, 420 (1957). 
1 Storrs, Mlsanor I, theis, M.S., New York Untversity (1053). 


RADIOCHEMISTRY 


Non-destructive Analysis of Selenium by 
Neutron Activation followed by Gamma- 
Ray Spectrometry 

Dæracrox of selenium by neutron irradiation and 
pases aera Epokon ae Ree E 
b is known that, when natural selenium is irradiated 
with neutrons, selenium-75 (121 days), selenium-77 m 
(17-5 sec.) and selenium-81 (18-2 min.) are formed 
any one of them is used to detect selenium, irradiation 
must be continued for a period comparable to the 
half-life. Therefore, it was thought that the use of 
selenium-77 m offered a method for the rapid detection 
of selenium ; this method has not been described in 
i examined 


the literature : 
In the work, the sample (0:1-0-5 gm.) was 
irradiated ab a neutron flux of 3 x 10" neutrons per 








6x10" 
4x10 
2x10 
0 ‘ 
0 mago 127 128 raRo 265 
Pulse height 


No. 4737 August 13, 1960 


Table 1. REAMOKUOLIDES FoRwep, THE GAMMA-RAY ENNRGY OF 
WHIOH Is ABOUT 0 10 Way. (ARRANGED BY INOMMAATNG HALF-LIFE) 














(2) the corresponding gamma-ray energy is in the 
range 0-15,-0-17 MeV.; (8) the half-life of the 


y occurring gamma-ray 
energy of about 0-16 MeV., are shown in Table 1. 

radionuclides, "those which show similar 

of Fig. 1 are selenium- 


to selenium. 


Sample Selentom found 
spm.) 
d (Bulphur) 
é Hee ee bipdvanats) < bas 
D (Ammonium sulphate) < 0-08 


For the purpose of quantitative determination, the 
relation, between photopeak height and the amount 
of selenium oan be obtained by use of standards 
containing selenium in various amounts ranging from 
0-1 to 100 pgm. (see Table 2). 

I am indebted to Prof. Shozi Makishima for helpful 
suggestions, to Dr. Toshio Nakai for permission to 
use laboratory facilities, and to Dr. Seishi Yajima for 
help with the gamma-spectra. 


Mrxnornv OKADA 
Government Chemical Industrial 
Research Institute, 
Shibuya-ku, Tokyo. 
April 4. 


BIOCHEMISTRY 


Reactivity of the Disulphide Bond In Wool 


THs permanent set which strained. wool fibres 
eee des ee AT A 
of disulphide bo dissipation of 
stress, lowei by Lage sebulliine, which fixes the 
relaxed structure in ite deformed state. In such 
conditions oxidized fibres are more diffloult to set 
than untreated, and it has been suggested that the 
formation of mtermediate oxidation producta, such 
as the sulphone, is sufficient to im scape eal 
This view bas now been inpe i a ene 
age of the observation that hae aera 
reduced to sulphur by hypop horous acid’. 

Lincoln wool fibres were treated with a large excess 
of 2-vol. hydrogen peroxide for 8 hr. at pH 9-4 (borate 
buffer) and 50° C. After o 
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distilled water, immersed in 0-05 M hypophdsphorous 
acid at 50° C. for various times, and in. washed to 
remove the acid. Fibres from each lot of wool were 
then stretched 40 per cent m cold distilled water, 
immersed in boiling distilled water for 1 hr., and 
finally released in boiling distilled water for 1 hr. 


in Table 1; 
fibres, which had been treated with hypophosphorous 
acid under similar conditions, are also moluded. 
Each result is the average of the values obtained 
with at least three fibres. 


Table 1 

















Sane of treatment Percentage set of. 
axd (min ) Untreated fibres Oxidized fibres 

0 97 —62 

75 — 34 

150 02 

180 17 0 -= 

270 — 72 

400 — 4 

660 17-8 12 9 

900 10-4 168 
ae | 
Si co ae cut “fone Wo ceed aac 
acid to restore setting to is 


the oxidized wool failed to blacken during boiling 
for 40 min. in led ovine alton st PEL 49 (rt 3), 
the same wool, after treatment with 
acid for 16 hr., Pies epousthe ees Gee ee 
wool. This result cannot be due to the reduction of 
cystine cross-linkages to cysteine side-chains, because 
wool fibres do not supercontract, and strained fibres 
rer hig eatery boiled for 30 mm. in 
0-05 M Biches} 
The effect of camel ieoa acid in i 
fibres must likewise 


dha erreko veal vobvained i aiid aves aides 


presence may 
provide a reason, also, for the failure to account for 
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breakdown of disulphide bonds is an essential first ` 
step. As before, the fibres were stretched 40 per 
cent, and after being mmersed in boilmg water for 
various times were released in boulmg water for 1 hr. 
The amounts of set retamed by untreated and oxidized 
fibres are shown in Fig. 1. As would be 

m view of the greater stability of the intermediate 
oxidation, uote of cystine in boiling watert, the 
omdized fibres supercontract to a muoh smaller 
extent and are set much more slowly than the un- 
treated fibres, which contain a high proportion of the 
more vulnerable ine orose-linkages. In the light 
of these results, t can be lttle doubt that the 
failure of fibres treated with nitric acid to super- 
contract and set in boilmg water’ is due mainly to 
the oxidation of the cystine cross-linkagea to more 
stable sulphones. 

Finally, it should be mentioned that oxidized 
fibres can be set readily in boiling dilute solutions of 
sodmm bisulphite, borax and sodium hypophos- 
phite, m accordance with the fact that the mter- 
mediate oxidation producte of cystine undergo fission 
‘readily m bisulphite and alkalis. 


Department of Textile Industries, 
University, Leeds. 
March 29. 


1 Speakman, J. B , J. Soe. Dyers and Colowrvats, 58, 335 (1036). 
1 Von Demes, O., dam. Ohom , 440, 213 (1024), 
* Smith, A. L.,and Harr, M., J. Res. Nat. Bur. Stami., 16, 300 (1086) 


‘Suter, O. ML, ‘The o Chemistry of Sulphur” (J. Wiley and 
Sons, Ine, New York, 1945). 


* Whewell, O. 8., and da Silva, M. A., J. Test. Inat., 48, 7°08 (1057). 


Structures of Some Acety!-serine Peptides 
from Acetyl-chymotrypsin 

Ly 1958, two of us! obtained, by enzymic degrada- 
tion of acetyl-chymotrypam labelled with carbon-14 $, 
five peptides containing labelled ee npa: 
Subsequent sequence studies’ have shown that the 
largest of these peptides has the amino-acid sequence, 
Gly -Asp ‘Ser-Gly Gly-Pro-Leu, identical with that 
already found‘, by degradation of the di-tsopropyl- 
phosphoryl-enzyme, to surround the reactive serme ; 
it may reasonably be concluded that the other four 
peptides contain the sequences Ser Qly Gly -Pro Leu, 
Asp Ser Gly -Gly, Gly Asp Ser Gly and Ser Gly -Gly, 
respectively. 

Since such studies cannot, on their own, show 
whether the acetyl-group is attached to an amino- or 
a hydroxyl-group m the serine residue, two others of 
us’ synthesized the four peptides, (I)}-(IV): (1) 
Aco Ser(OH)-Gly -Gly-OH, (O) H Ser(OAoc)-Gly Gly: 
OH, (II) Ao-Ser(O Asp H)-Gly Gly OH, (IV) H- 
Asp ‘Ser(OAc)-Gly Gly-OH, with the object of com- 
paring them with two of the smaller peptides obtained 
from acetyl-chymotrypam. We now report the resulta 
of our jomt work; the details of the synthetic work 
and of the sequence studies will be published else- 
where?,5. 

Owing to the low yields in which the smaller 
peptides are obtained by degradation of acetyl- 
chymotrypsin, direct comparison with the synthetic 
products wes not possible. However, the behaviour 
of the two synthetic acetyl-tripeptides on electro- 
phoresis (Table 1) clearly shows that, as is to be 

only the N-acetyl-tripeptide (I) resembles 
the aocetyl-tripeptide from acetyl-chymotrypsin in 
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Table 1. HUMCTROPHORESIS OF BOME ACKTJI-SERIWE PEPTIDES 
Peptide pH 86 27H65 
+55 +178 
—44 +62 
+25 +150 
+24 +152 
0 + 35 


pyridime—ecetate buffer, for 1 hr. at 
figures are distances migrated, in mm., towards 
(+) or cathode (~). 


being negatively charged at pH 3-6 as well as at 
pH 6-5. Olearly the acetyl-tripeptide from acetyl- 
chymotrypam is N-acetyl-seryl-glycyl-glyome (I), 
and not the O-acetyl-compound (IL). 

It will be seen, from Table 1, that the two acetyl- 
tetrapeptidee (OI) and (IV) are electrophoreticalty 
indisti ble. They were equally indistinguish- 
able by paper chromatography in a number of solvent 
systems, and recourse had, therefore, to be made to 
reaction with hydroxylamine as & method for dis- 
tinguishing such isomeric pairs of acetyl-peptides ; 
this reagent splita the O-acyl linkage, only O-acetyl 
peptides giving the readily detected acetohydroxamic 
acid. 

The experimental procedure was as follows. A 
solution of hydroxylamine was prepared by mixing 
solutions of potassium hydroxide (560 ae m 
methanol (5 mL) and of hydroxylamine hydro- 
chloride (347 mgm.) in methanol (6 ml.) and removmg 
the precipitated potasmum obloride by centrifugation. 
This reagent (10 ul.) was heated for 1 min. at 100° 
with 50 pl. of an aqueous solution containing the 

ptide (0-1 umole) ; after coolmg, a few drops ° 
of pe ptt ie were added and the resulting solution 
acidified (pH 6). After paper chromatography, 
acetohydroxamic acid was detected by spraying 
with an alcoholic solution of ferric chloride (1 per 
cent) and hydrochloric acid (1 per cent), appearmg as 
a red spot, Ry = 0-89 (in t-BuOH : H-OO,H:H,O; 
70:15: 15), 0-45 (in n-butanol saturated with water) ; 
in the case of avetyl-peptides labelled with carbon-14, 
the chromatograms were also kept in contact with 
Kodak X-ray film, material containing carbon-14 
being detected by darkening of the developed film. 
Appropriate markers were run in all cases. 

Under these conditions, the synthetic O-acetyl- 
peptides, (II) and (IV), gave acetohydroxamio acid ; 
the N-acetyl-tripeptide, (I), gave no hydroxamio acid, 
while the O-aspartyl-N-acetyl-peptide, (LILI), gave a 
hydroxamic acid, Ry = 0 36 and 0 06 (in the two 
solvent systems), which was undoubtedly aspartyl-c- 
hydroxamic acid. Treated m the same way, the 
acetyl-pentapeptide (Rr = 0-94 and 0-06) from 
acetyl.chymotrypsin gave no acetohydroxamic avid, 
the only radioactive material in the reaction product 
being the unchanged seas a ae which is, therefore, 
an N-acetyl-compound ; e acetyl-heptapeptide 
(Rr = 0-80 and 0 01), however, gave acetohydrox- 
amo acid as the sole radioactive reaction product ; 
clearly, this peptide is an O-acetyl-compound. 

Summarizing our results, it appears that, of the 
aoctyl-sermne peptides obtained by degradation of 
acetyl-chymotrypsin, the two which have N-terminal 
serme reandues are N-acetyl-compounds, whereas 
those with other N-terminal reaidues are O-acetyl- 
compounds. 

At the outeet of our work it was hoped that it 
might afford a crucial test of the oxazoline hypothesis 
concerning the nature of the reactive serine in chymo- 

in and other, similar, esterases’, since it was 
thought that it was only by the hydrolysis of an 
N-acetyl-oxazoline that N-acetyl-serine peptides 
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could arise. However, direct experiment’ has shown 
that at pH 7-8 and 37°, conditions obteining in the 
second stage of the enzymic degradation of acetyl- 
ehymotrypain', the O-acetyl-tripeptide (II), is oon- 
verted, within 9 hr., into the N-acetyl-tripeptide (1), 
and that the N-acetyl-O-peptide (IIT) is broken down 
into aspartic acid and the N-acetyl-tripeptide (I). 
In consequence of these findings, our canclugions 
concerning the structures of the acetyl-serine peptides 
obtained fram acetyl-chymotrypsin oan be explained 
equally well on the basis of the oxazoline! and 
histidine-actiyation’ hypotheses concerning the re- 
active serine. Thus, on the basis of the orazolme 
hypothesis, the tautomeric acetylated oxazoline may 
be expected to break down, on hydrolysis, to give, 
initially, both N-acetyl-O-peptides, such as (II), 
and O-acetyl-N-peptides, such as (IV); the former 
will, however, under the degradation conditions, 
break down further to give N-acetyl-peptides ocon- 
tammg N-terminal serine residues, which will, in 
agreement with our results, be the only isolabile 
A ne Likewise, although the histidine- 
activation hypothesis requires that only O-acetyl- 
peptides should be formed initially, those containing 
N-terminal serme will isomerize, under the degrada- 
tion conditions, to N-acetyl-peptides, again in agree- 
ment with our findings. Our resultes cannot, therefore, 
be used to discriminate between the two hypotheses ; 
for this purpose, different methods of approach are 
required, and work of this kind is in progress in both 
* our laboratories. 

We thank the University of Exeter for the award 
of an Imperial Chemical Industries Fellowship, and 
Shell Research, Ltd., for a grant, which enabled one 
of us (L. B.) to take part in this work. 

Leo Baworrom 
H. N. Ryrpow 
Washington Singer Laboratories, 
The University, 
Exeter. 
R. A. QOSTHEBAAN 
M. E. VAN ADRICHEM 
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Medical Biological Laboratory, 
RVO-TNO, 
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The Netherlands. 
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Ultra-violet Absorption Spectra of 
Proteins in Deuterium Oxide 

Tam absorption, spectra of proteins are characterized 
by two absorptions in the ultra-violet region, one at 
2800 and the other near 2000 A. The former has bean 
ascribed to the phenol!.*, indole? ‘and phenyl groupat 

of tyrogine, tryptophan and phenylalanine. The 
ion at 2000 A. may be attributed to peptide 
bonds‘. Since the absorption at 2800 A. is due to the 
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shromophoric groups of aromatic amino-acids, this 
absorption is absent in proteins, such as clupein, 
which do not contain aromatic amino-acid, and 
they have only one absorption near 2000 

The contribution of alshatic amino-acid to the 
ultra-violet absorption spectrum of protein solutions 
has not been thoroughly investigated because they 
do not show conspicuous absorption, exoept that 
near 2000 A. which may be due to the carbonyl 
group in the COOH group**. 

The of this work was to study the ultra- 
violet absorption of proteins in deuterium oxide as 
well as in water and to examine whether the deutera- 
tion of proteins gives rise to a change in the absorption 
spectrum in this wave-length region. The absorption 
spectra of cytochrome c and myoglobin, which were 
purified from horse heart muscle, and also ovalbumin 
and clupein sulphate are illustrated in the figures. 
According to Fig. 1 (1), cytochrome c has distinct 
absorption in deuterium oxide at 2650 A. while it is 
absent in water. Although the absorption at 2800 A. 
is almost hidden behind that at 2850A., there is 
still a shoulder at 2800A. which mdicates that the 
electronic transition of chromophoric groupe of 
aromatic ammo-acids is not affected by deuteration 
and that the unknown absorption might arise from 
entirely different electronic transition. As is obvious 
from Fig. 1 (2), ovalbumin has a double-peaked 
abeorption curve in deuterium oxide, one maximum 
at 2650 and the other at 2800 A. Distinct separation 
of both absorptions indicates more clearly that they 
have different origins. ene (Fig. 1 (8)) also 
shows absorption at 2650 A. in deuterium oxide, 
however, to a lesser extent. 











Clupein is a protein which consists only of aliphatio 
amino-acids’. Accordingly the absorption at 2800 A. 
which is characteristic of aromatic amino-acids is 
absent in this protein, aa is shown in Fig. 1 (4) (broken 
line). However, this protein also shows absorption 
at 2650 A. when it is dissolved in deuterium oxide, 
as is indicated by the solid line of Fig. 1 (4). This 
may be the evidence that the absorption at 2650 A. in 
deuterium oxide has nothing to do with the electronic 
excitation of chromophores of aromatic amino-acids. 
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Further analyses with peptides indicate that the 
absorption cannot be attributed to the deuteration of 
the peptide bond and that it arises from the constitu- 
ent simple ammo-acids. Measurements with amino- 
acids revealed that valine, norvaline, aspartic acid, 
lenome, glycine and histidine showed strong absorp- 
tion at 2650 A. in deuterium oxide, but glutamio acid, 
alanine, aminobutyric acid and arginine and cystine 
did not show well-defined absorption. Measurement 
of tyrosine was obscured by the presence of strong 
absorption at 2750 A.,and I could not observe the 
appearance of the absorption at 2650A. Theee 
results mdicate that some of the aliphatic amino- 
acids make a major contribution to the absorption 
of protein at 2650 A. in deuterium oxide, rather than 
aromatic amino-acid, a phenomenon which has not 
been observed in water. 

Although I have not been able to sitribute this 
absorption to the electronic configuration of particu- 
lar groups it is not likely to be due to the deuteration 
of dissociable groups, such as OOOH, CONH or NH, 
which are capable of exchanging a hydrogen atom 
with deuterium atom very quickly, but may be 
due to the partial deuteration of non-polar groups 
gach as hydrocarbon in a or B positions. 

I am indebted to Dr. H. Tamiys for his continuous 
encouragement. ° 

SHIRO TAKASHIMA 


Department of Biochemistry and Biophysics, 
University of Tokyo. 

t Pa vit raay, H. R., and Jope, H. M., Dis. Farad. Soc., 

* Bizar, L W., and Peacock, A. O., J. Biol. Okem., 171, 767 (1947). 

*Aponer, H., and Teler, H., Rss, Mod, Phys., 13, 75 (1041). 

1 Loofbourow, J. B., Rew. Mod. Phys., 18, 267 (1040). ‘ 

* Blacet, J. 0., Young, W. G., and Roof, J. G., J. Amer, Ohem. Soo. 

78, 


59, 008 (1937). 
J. Chem, Soo. Jepen, 74, 341 (1051). 


: D , Bershon, H. 
. Biol, Mod., 70, 404 (1040). 


Structure of the Antibiotics PAI 148-1 
and PAI14B-3 


Wa wish to the jal structures of PA114B- 
1 and PA114B-8, of the PA114 group of 
synergistic antibiotics obtamed from a strain of 
Streptomyces’. Other reported synergistic antibiotic 
groups include stre in’, staphylomycin’, anti- 
biotic 1204, mikamyom’. Bioautographic 
comparisons by ust and others4* have indicated 
identities and close similarities between various 
members of the groups. Table 1 summarizes these 
comparisons and embodies a proposed universal 
system of designations. . 


Table 1. CLASSIFICATION OF SYWEAGINTIO AWSIBIOTIO’ 











Type | Specific compound Synonyms 
i Al PAIM4A-1 
E139 Factor A 
A Mikamyan 4 
8 mam component 
om MI 
| AZ Staphylomycin MIT 
Bl PAIUEB-1 
F139 Factor B 
B B 
B Staph on § 
BB PA 
Uneortain. B minor component 
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Antibiotics of the A group are neutral compounds 
giving a green ferric chloride test and & red colour 
with Hhrlich’s reagent. The B antibiotics behave as 
weak acids, are negative to Ehrlich’s reagent, and 
give a red ferric chloride test. One A antibiotic plus 
one B antibiotic constitute a istic pair having 
an antibacterial potency much higher than that of 
ether component measured alone. 

The characteristic properties of PA114B-1 and 
PAI14B-8 clearly differentiate these antibiotios from 
atephylomyoin factor S (Table 2). 

3 -tube hydrolysis of PA114B-1 with 6 N 
hydrochloric acid at 120° waa followed by two- 
dimensional chromatography. Butanol/acetic acid/ 
water (5:1:4) and butanol/water/methylethyl 
ketone/diethylamine (10:10:5:1) gave the best 
separation of components. One ferric chloride- 
positive and seven ninhydrin-positive spote were 
observed. Displacement chromatography of a hyd- 
rolypate on ‘Dowex 50° (partial separation) and 
quantitative paper chromatography using the butanol/ 
acetic acid/water system was followed by aqueous 
elution. Vigorous hydrolysis (8 days, 120°) indicated 
that none of the compounds was 4 peptide. The 
following componente were identified on the basis of 
Ry values, ninhydrin colours, specrfic rotations, and 
ultra-violet and infra-red ectra: L-threonine 
(Thr), I-phenylglycme (PhGly), i-proline (Pro), 
sarcosine (Sar), and D-«-amimobutyric acid (But). 
The optical configurations were confirmed 
chromatography of æ hydrolysate treated with pD-e 
amino-acid oxidase ; only the spot corresponding to 
a-aminobutyrio acid was lost. 

From the initial aqueous wash of the “Dowex 50’ 
column chromatography an, acidic co ment was 
isolated and identified as 8-hydroxy-picolinic acid 
(HyPic) on, the basis of spectra and mixed melimg 
point with an authentic sample. 

Two additional ninhydrm-positive components 
were isolated from the paper chromatograms. Their 
characteristics are those of any previously 
reported ee One of these unique amino- 
acids exhibited a yellow nmhydrin colour, a negative 
isstm test, and was displaced early from the ‘Dowex 
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50’ column. It had no characteristic ultra-violet 
absorption; analysis mdicated no C-methyl, N- 
methyl, or alkoxyl. The properties are consistent 
with 5-hydroxymethylhy: ralme-type compound 
(HMHyPro). Calculated for C,H,,0,N: C, 44-71; 
H, 6:88; N, 8-69; found: C, 44:98; H, 6-99; 
N, 8-58. 


The second unique component gave a typical 
purple ninhydrin colour and exhibited ultra-violet 
Ard infra-red spectra indicative of an aromatic 
(dimethyl) amino-derivative of an a-amimo-acid. 
These p ies, together with elemental and group 
analyses, Indicate s dimethylamino (methyl) p - 
alanine-type structure (DMAMPhe). Direct conocen- 
tration, of an acid hydrolysate of PA114B-1 led to the 
isolation of this amino-acid as ita dihydrochloride ; 
mp. 207°, [a]p + 38°. Calo. for O:sHy.N,O,C1, : 
O, 48:82; H, 6:88; N, 9-49; Cl, 24-02, O-CH,(1), 
5-0; N-CH,(2), 19°7; found: O, 48-80; H, 6-89; 
N, 9-41; Ol, 22:98; O-CH,, 1:52; N-CH,, 20-18. 

Treatment of PAII4B-1 with 0-1 N sodimm 
hydroxide for 80 min. at 25° and extraction at pH 8 
with chloroform led to the isolation of a dibasic acid. 
Complete acid hydrolysis mdicated that it contained 
all the components of PA114B-1. Hydrazinolysia of 
this new acid imdicated that phenylglycine was 
C-terminal ; PA1148-1 contains no 0-terminal amino- 
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Table 2. Prormerogs oy P.A114B8-1, PA114B-8 AND Sraruyiowrom S ° 
f PAMAB-1 PALAB-8 Staphylomycin factor S 
E 265° 208° 240° 
Bor ey Ee E 
82-07 08-77 g2 80 
6-21 6-52 6-57 
Ultra-viodet jarima, @ie0H) 200 ie x17 258 Lee 204 207 Kits 590 
Å. mp sL) = ms an.) = mæ nL) = 
AOS 308 ma CL et Ion Soe me fA a a a8 ee a ne gan ro 
[at 
pXe (Mi bs 90 

















xyamino The 
PA114B-1 and staphylomycin factor 8 pied 7) makes 
a phenyiglyoine to threonine , as in the latter, 
le. Hytrorypicoltnie acid, incapable of 
Aip a peptide via the nitrogen, must be N- 
terminal, 


Partial hydrolysis of PA114B-1 (1 N hydrochloric 
acid, 37°, 1 week) and chromatography led to 
the isolation of two fluorescent i After 
00 hydrolysis and two-dimensional chromato- 
graphy on the systems described above, one of these 
pe tides. was found to have all the 


Nipe re acid. 
Mahe stage oo ee sib SEE of PA114B- 
las: 


HyPic—Thr— 
—Pro— 


lies _HMHyPro— 
Om O—PhGly—But— ! —DMAMPhe— 


This o0 favourably with the analysis of 
Table 2 (calc. for O,gH,,N,0.,: O, 60-38; H, 6-60; 
N, 13-11). 

PA114B-8", a minor antibiotic of the PA114 
complex, contains all the componenta of PAII4B-1 
except sarcosine. A new component (negative 
ninhydrin and ferric chloride tests) is also 34 

benzoyl chloride test? mdicates that 
sa st hee e N-methyl amino-acid. 
ork on the structures of PA114B-1 and PA114B-3 
D. C. Hops 
W. D. Onum 


Biochemical Research Department, 
Chas. Pfizer and Co., Ino., 


Research Laboratories, 
Groton, 
Connecticut. 
1 Colmer, W. D., and Bobin, B. A. “Antibiotics Annual 1955-10567 
437 Cation Bnoyclopedia, Ino., New York). 


Vi P., Parmentiar, G., and De Somer, 
He Tasi DIOK, = ry 808 CR. 


Ar aa aria Bape, i. H., and Smith, 
X., E., Yonshara, H, and Umenawa, H., J. Aniihiokios, 
‘A, 31 (1858): 

* Hobbe, D. 0., and Celmer, W. D., Fed. Proc., 18, 246 (1050). 


Marico and Parmentier, G., Bull. Soo. Okin. Balg., € 
716 (1950) ee aa 


"Sheshan, d. 0., Zeachan, H. G., and Lawson, W: B. J. Ame. Chom. 
‘Boe , 82, 3849 (1088). 





Presence of Immunologically Active 
Fragments after Proteolytic Degradation 
of Human +-Globulin 


~ Aocorpnxe to Lapresle, Kaminski and Tanner’, 
degradation of human serum albumin with trypsin 
or chymotrypsin yields several components with 
retained ability to give precipitation reactions with 
anti-human albumin antibodies. One of these com- 
ponents has been isolated by column electrophoresis 
m an agar medium and partially characterized 
ultracentrifugation’. Porter® isolated and character- 
ized a similar component after iar ont fe hydroly- 
sia of bovine serum albumin. After degradation of 
rabbit y-globulin with papain, Porter also isolated a 
component showing inhibitory properties when added 
to a rabbit y-globulin—anti-y-globulin system‘. - 

We have carried out immunological analyses of 
human y-globulin after degradation with trypsin and 
chymotrypsin, respectively Immunologically pure 
y-globulin (as shown with anti-human plaama sera 
im immune electrophoresis), lied by AB Kabi, 
Sweden, was used. Amounts S11 -0 gm. y-globu- 
lin were hydrolysed at pH 8-2 and 25° O. with oom- 
mercial preparations of orystallme enzymes, using 

enzyme/subetrate ratios of 1: 50. After 24 hr. the 

reaction waa in’ by the addition of diis- 
propyl fluorophosphate'. The hydrolysates were 
analysed by means of immune electrophoresis*. 

The resulta of these analyses are shown in Fig. 1. 
After tryptic hydrolysis, the y-globulin gave rise 
to two crossing lines when analysed ur aaka 


giobal immune sera (Behringwerke 

o chymotryptic hydrolysate showed al 
analysis a dense precipitate which resembled the 
regular y-globulin Ime. In addition two other lmes 


a Ve 





d enome pe riage has of human basin), 
iar Bae trypsin (middie and y oml 
if Immune serum: 


3 


OPTICAL DENSITY at 280 my 
d 





EFFLUENT VOLUME, mi. 


` Fig. 2. Gel filtration of a 


tz eon ‘Bophadex G-75’. Ter a Modem e T 


were formed, one farther out in the y-globulin region 
and the other near the starting basin. All three linee 
were interconnected. 
Preliminary experiments to separate the breakdown 
cta demonstrated immunologically were carried 
out by the gel filtration method described by Porath 
and Flodin’. A dextran gel with a water regain of 4-9 
(‘Sephadex G-50’, manufactured by AB Pharmacia, 
Sweden) was first tried. It was found, however, that 
more than 80 per cent of the degraded y-globulin 
passed through the column without any retention. 
Therefore a gel with a lower degree of cross-linking 
was tried (‘Sephadex G-75’ with a water regain of 
8-0). The column (4 om. x 85 om.) was equilibrated 
with 0-05 M sodium chloride, and the uniformity 
of the packing was tested by passing a hæmoglobin 
solution through the column. 6500 mgm. of a tryptic 
hydrolysate of y-globulin in 5 ml. of 0-05 M sodium 
chloride was then put on the column and eluted with 
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a rate of flow of 20 ml. per hr. The effluent was 
collected in 7-8 mL fractions, and the optical density 
of eech fraction at 280 mu was determined. The result- 
ing ourve is seen in Fig. 2. Immune electrophoretic 
analyses were carried out on fractions I-III, and the 
results are ahown in Fig. 8. Fraction I showed one 
dense precipitate with its maximum mainly in the 
Ba- but extending into the y-globulin region, where a 
confluent precipitate, farther out in the y- -globulin 
region, joined it. Fraction II showed two 

lines, one with its maximum in the £-globulin region 


` and the other with a maximum corresponding to 


slow-moving y-globulin. With fraction III only a 
very faint precipitate was formed in the f,-globulin 
region. results were obtained by gel 
filtration of a chymotryptic hydrolysate of y-globulin 
(Cederblad, G.; Hanson, L. À., and Johansson, B. G., 
unpublished work). 

From these reeulta it can be concluded that normal 
human y-globulin contains different antigenio group- 
ings, with the ability to react with anti- Y- -globulin 


antibodies. Corresponding findmgs concerning patho- 
logical y-globulins have been presented by Scheideg- 
ger and Burri’. 


Further work on the isolation and characterization 
of immunologically active degradation products from 
immune globulins is in % 

We are grateful to the M. Wikstrom and A. 
Wallin for skilful technical assistance. The work waa 
supported by grants from the Medical Faoulty, 
University of Gothenburg, and the Swedish Daines’ ° 
Association. 

L. A. Hanson 
Department of Bacteriology, 
B. G. Jonansson 
Department of Medical Biochemistry, 
University of Gothenburg. 
April 11. 


0., Kaminski, AL, and Tanner, O. B., J. Immunol., 88, 04 


‘a, Webb, T., Kaminski, and Champagne, M, Bull. 
ae At” 008 0S0). 

* Porter, R. R., Brookem. J., 06, 677 (1057). 

1 Porter, B. R., Natures, 18%, 670 (1958). 

s Gorini, L, and Felix, F., Bwookim. Hiopkys. Acta, 11, 685 (1053). 

“Orcas ee and Wlilltams, O. A., Biochim. Biophye. Acis, 17, 67 

7 Porath, J., and Fiodin, P., Natures, 183, 1657 (1950). 

mee , J.-J., and Buzat, O., Rev. franc, Bt, olin, inol., 2, 905 


Starch-Gel Electrophoresis of Wheat 
Proteins 


Ir has been claimed that starch-gel electrophoresis 
may have a higher resolving power than that of the 
Tiselius apparatus for serum proteins'. In spite of 
ita potential value, there have been no reports in 
the literature of the application of this technique to 
the atudy of wheat proteins. Wheat gluten has been 
separated into at least six componente by Jones et al.*, 
using the Tiselius apparatus, and Zentner” has 
reported the presence of seven proteins, using oon- 
tinuous paper electrophoresis. The present oommuni- 
cation describes some preliminary experiments in 
which starch-gel electrophoresis has been used to 
examine the proteins of the gluten camplex of wheat. 

10 gm. of. wet gluten were from wheat 
flour by hand kneading im distilled water and were 
dispersed in 200 ml. N/100 acetic acid in a high-speed 
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stirrer, fitted with sharp steel blades, in 5 min. After 
centrifuging for 30 min. at 2,000 r.p.m., the liquid 
was subjected to starch-gel electrophoresis. Both 
horizontal and vertical! techniques were used. Oon- 
naught starch was used, 12-2 gm. mixed with 100 
ml. of an aluminium lactate buffer’. The sample 
slot (1-2 mm. wide) was filled with protein solution 
mixed with starch granules, but m later work the 
starch was omitted without affecting the quality of 
the patterns. Runs were made for 24 hr. 
at a potential gradient of 4-6 V.cam.-'. The gels were 
' alioed and the cut surfaces stained with naphthalene 
black 10B. 

Centrifugation at 2,000 r.p.m. does not remove 
colloidal particles, which migrate into the gel for 
several mm., and tend to obscure some of the slower- 
moving bands. They stain strongly, but can be 
distinguished from a true band by 
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was cleared by ultracentrifugation 
at 20,000g, the ‘band’ no longer appeared on electro- 
phoresis. 

Table 1 





Intensity of band 
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ef, very faint; m, medum; s, strong; 7,Epertlally obscured. 


Table 1 gives an example of electrophoresis patterns 
obtained on a four-channel vertical apparatus‘ for 
giutens from four wheat varieties of widely differing 

ing characteristics (Table 2). It is interesting to 
note that each of the four varieties examined shows 
petterna of similar el ic mobilities, and the 
tterns differ only in the distribution of intensities. 
t should be pointed out that the presence of eight 
distinct and separate bands in the electrophoresis 
patterns does not n prove that eight 
different proteins are present, since some of the bands 
oould conceivably arise as a result of complex forma- 
tion. 








The pattern of mobilities quoted in Table 1 is 
typical of the results of a large number of imente, 
i all af which at leant eighe diminat bands have beon 
found, but variations of the order of 20 per cent in 
mobility are found when comparing individual runs. 
This is probably due principally to the diffculty in 
preparing gels of precisely reproducible properties. 
The mobilities reported here are higher than those 
obtained for wheat ‘shear by Jones e? al.” at 1° O. 
The highest value obtained by them was 6-5 x 10-5 
am.! V.-! seo}. Our experiments were oarried ont 
at approximately 25° C., and the imcreage in oon- 
ductivity, due to the use of a higher temperature, 
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would be enough to account for the increased mobili- 
ties, since the ce of starch up to concentrations 
of 18-5 per cent does not significantly affect the 
electrical odndustivity of salt solutions (Collison, R., 
private communication). 

The work reported here demonstrates that starch- 
gel is is a valuable method for investigat- 
ing wheat proteins, as complete resolution of the eight 
bands reported was obtained. Further studies of the 
protein components in wheats of different origin are 
in hand, using this method in conjunction with 
column chromatography and immuno-techni ques. 

Thanks are expressed to Mr. E. N. Greer of the 
Research Association of British Flour Millers for 
milling the wheate used in these experiments. 

G. A. H. ELTON 
J. A. D. EWART 
British Baking Industries Research Association, 
Chorleywood, Herts. 
April 25. 
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Activity of Bovine Pancreatic 
Ribonuclease A in Mixed Solvent Systems 


Ir has been shown that bovine pancreatic ribo- 
nuclease may be dissolved in organic solvents with fult 
recovery of the activity after removal of the solvent'. 
We have found that ribonuclease A retains its activity 
in the ; ; ; 


ing ita mode of action. If the solvent used is methanol 
then, the products of the action of mbonuclease on. 
3- 


ig decreases as shown in Fig. 1. 
behaviour is consistent with competition between 
methanol and water for a site on the enryme. 


affects have contributed little to our understanding 
of enzyme catalysis. However, for ribonuclease ib is 
possible to observe simultaneously the effect of 
addition of solvent on methanolysis and hydrolysis. 
This has been achieved by keeping a constant ratio 
of water : methanol while varying the concentration 
of another, inert, organic solvent (dioxane, formamide 
and di formamide). Under these conditions 
the solvent will have widespread effecta but those 
involving the cyclic phosphate bably do not 


with the protein. In Fig. 2 are shown the effects of 
dioxane and formamide on the ratio of the initial 
rates of esterification and hydrolysis. While forma- 
mide has little effect on this ratio, hydrolysis is very 
much favoured by increasing amounts of dioxane. 
This effect is not due to alteration of pK’s since the 
ratio esterification: hydrolysis was found to be 

i independent of pH when this was varied 
over @ range covering any likely pK change. It is 
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evident that there is a arte on the enzyme surface 
which binds either water or methanol. The pop 
ity of methanol as an attacking reagent (Fig. 1) and 
tho GIESE of dioxmna august det tas ac Wan dex 
Waals interaction between methanol and the protem. 
Dioxane favours hydrolysis relative to methanolyms 
by interfering with the Van der Waals interaction. 
It can be seen that considerable information can, be 
obtained by measuring the activity of enzymes 
in. mixed solvent systems. By investigating the 
effect of orgamie solvents on the pH activity curves 
using buffers of both types of charge, ib should be 
posaible to determine the type of charge of the 
lonizmg groupe controllmg the enzyme activity. 
One of us (D.F.) is mdebted to the Ontario 
Research Foundation for a personal grant. 
Dornotray FINDLAY 
A. P. MATHIAS 
B. R. RABIN 
Department of Biochemistry, 
University College, 
London. 
1 Bago, H. J., and Binger, 8. J., Biochim. Biophys. Acis, 99, 663 (1058). 
* Heppel, L. A., and Whitfeld, P. R., Biookem. J., 56, 1 (1054). 
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Action of Tetrakis( Hydroxymethyl)Phos- 
phonium Chloride on Wool 


Ix an- investigation of the action of tetrakis- 





01 023 O8 Of O88 08 (hydroxymethyl)phosphonium chloride (THPC) on ° 
Mole fraction methanol wool the following teresting observations have been 
made. 


FF phoapha te mathyi orter t ECD) and opine 8 hopa to When wool treated with ee ey 
Siren yam redress a 
ctirate buffer at pH 6-0. Temperature, tire, 3 O sample of untreated wool with acid or qrerhelallingd 
dyes, the treated wool absorbs much more dye than 
the untreated. U; of the bagic dye methylene 
blue is, however, leas for the treated than for the 
untreated wool. The addition of tetrakis(hydroxy- 
methyl)p honium chloride to the dye liquor 
greatly accelerates the rate of dye absorption. 
When, wool fibres, stretched 40 per cent, are boiled 
for various times m tetrakis(hydroxymethyl)phos- 
phonium chloride solution (2 per cent) and afterwards 
relaxed for 1 hr. in boiling water, the results shown in 
Fig. 1 are obtained. It is evident that the amount of 


Per cent 
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Mole fraction organis solvent 
2. The offesi of ape erat NO and be at get mie B: 
of the Initial velocity of to tho mikal veloalty üs 
hydrolysis of sytidme- -phosphate. Ratio water: methanol Wg. 1. an dt sok miih me of rig i boling 
o aA a R TS L 7 hy point, O, In water; 
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poet Variation of set with tims of treatment at the bolling 
fodinated and 
ihres in water ; As Jontnaton forea m TEEO: d 
aminated fibres in THEO eyanide- Tes 
rieo 


set retained by the fibres after they have been 
afterwards boiled freely is much greater than after 
a similar treatment of stretched fibres in boiling water. 
The effect of tetrakis(hydroxymethyl)phosphonium 
chloride depends on the strength of the solution, but 
is marked even at a concentration of 0-1 per cent. In 
dilute solutions the supercontraction characteristic of 
stretched fibres in boiling water is observed. Typical 
resulta are shown in Table 1. 

Table 1 








which have been previously treated 

oyanide, either in water or tetrakis 

(iydebxymnethy)ppoeponta chloride solutions. 
These results are shown. in Fig. 2. 

When slack fibres are boiled in a sohtion of 
tetrakis(hydroxymethyl)phosphonium chloride (1 per 
cent) for 1} min. at pH 7, supercontraction occurs to 
the extent of 38 per oent. 

The reaction of tetrakis(hydroxymethyl)phosphon- 
ium chloride with wool is no doubt complex ; but at 

_it is considered to involve reduction of the 


Work on this topic is proceeding and will be reported 
in fall elsewhere. 


We wish to thank the Wool Textile Research 
Council for financial support, and Messrs. Albright 
and Wilson, Ltd., for supplies of reagents. 

L. 8. BAJPAI 
O. 8. WHEWELL 
J. M. Woopuovsp 
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A Potent New Benzothladiazine Diuretic 


Smo the discovery of chlorothiazide by Beyer 
& al.1, a number of chemically related compounds 
have been shown to possess similar natriuretic and 
chloruretic actions?+. Some of these agents, notably 


3,4-dihydrochlorothiazide and its derivatives, differ 
from chlorothiaside primarily in a ter milligram 
potency, which may be associa with & longer 


duration of action’. These agenta also inhibit carb- 
onic anhydrase to a lesser extent than the unsatur- 
ated anelogna tens i à loor ee pE and 
generally a greater chloruretio response’ 

In an effort to determine how further structural 
modifications of the chlorothiazide nucleus might 
alter the renal actions, we have undertaken an 
investigation of derivatives substituted in the 8 
position of the dihydro analogue’. This 18 a pre- 
liminary report of pharmacological studies on one of 
these compounds, trichlormethiazride (NAQUAT ia 
the Saharing ba brand of trichlormethiazide), which has 
been characterized by marked diuretic activity at 
very low doses. The chemical formmla of this agent 


is ag follows : 
aa Ol 
on_on” 


we O 


x 
H,N-—0,8 BO, 
8-dichloromsthy1-6-chloro-7-sulphamy1-3,4-dihydro- 
1,2,4 - benzothiadiazine - 1,1 - dioxide (trichlormethis- 
side). 

The affect of trichlormethiazide on urine and 
electrolyte excretion was studied in anmsthetized 
dogs in which the ureters were cannulated and total 
urine was collected every 5 min. Urine samples were 
analysed for sodium, potassium and chloride. Typical 
results of intravenous administration of 1:0 pgm./ 
kgm. are presented in Table 1. 


Table 1. Byruct OF TRIOHLORMETHIAZIDE ON URINE OUTPUT AWD 
BLECTROL AXRMPTXETIEND DOG 


Yrs Broweriox or AN 











SRBSSER BRS 


L 








vA 1 

These results aaninnaieates that.,-s, - signifloant 
natriuretic and chloruretic response can be elicited 
at doses as low as 1-0 ugm./kgm. and that the sodium 
and chloride mereages are equimolar. Potassium 
excretion increased slightly but considerably less 
than sodium and chloride. The maximum natriure- 
tic response occurred approximately 10 min. after 
administration. Duration of action was 30 min. 

The relative activities of trichlormethiazide m 
terms of chlorothiaxide, and trichlormethiazide in 
terms of 8,4-dihydrochlorothiazide, by the oral route 
have been determined in dogs using 
a modified crome-over design (32 animals for each 


604 


assay). Dose-levels (2) and compounds (2) were both 
crogsed over on two experimental days set one week 
apart. The doses were selected on the basis of 
previous experimental data to elicit approximately 
the same natriuretic responso. Urine and sodium 
excretion-rates were determined for a 5-hr. period 
after treatment. Relative activities of trichlor- 
methiazide were obtained by comparing the dose- 
response curves and analysing the resulta by statistical 
methods. The resulta are summarized m Table 2. 
_ Table 3. ee ey OF TELEN eee 
os OUTPUT AND TUM Mxckiertow Or Docs 
cient Bodimm exorstion. 
Le ae mL/5 hr. Relative m.eg/5hr. Belattre 
activity activity 


Ohlorothiaxido versus trishlormethiemde 


oT 500 54 10 14:3 10 

or 3,000 73 66 

TOM 15 Bu 58 0 114 720 

TC. 90 97 (25 -2-108 0)* 272 t 
$,4-Dibydroehlorothiaside versus trichlormethiaxide 

HOT 100 50 10 128 10 

HOT 600 M 184 

TOM 16 a 70 164 13-6 

TOM 90 7 (7:1-9 -4)* 1046 (6 5-84-0)* 


* 05 per cent confidence limits. 

Confidence limits could nob be calculated since analysis showed 
significant between curves at P 0-01. 

On a dose basis, trichlormethiazide was found to 
be 72:0 times more actrve than, chlorothiazide and 
18-6 times more active than 8,4dihydrochloro- 
thiazide in promoting the excretion of sodium. 
Potency values for urine output were 58-9 and 7-9, 
respectively. Average urine output in the same 
animals, untreated, was found to be 30-40 ml./5 hr. 


15 pgm./kgm., and thet this agent, like chlorothiazide 
and 3,4-dihydrochlorothiazide, is well absorbed 
through the gastromtestinal tract. 


1 Beyer, K. H., Baer, J. H., Rumo, H. F., and Hatmbach, A. 8., Fed. 
Proc., 18, 282 (1957). 
* Bprague, J. M, Ana. NY. Acad, Soi., 71, 328 (1058). 
W., Giraldi, P. N., and Parenti, AL A., Nstxre, 188, 1510 


058). 
and Gami, B., Tewlool. ond App. 
Coss. 


PN Toroa. a ee em i ee A 


‘Jones, J. H., and Jones, J. V., Brit. Med. J., Oh ae (1989). 
! Taylor, R. AL, and Wmbury, M. M., Pharmacologist, 1 (2), 58 (1950). 


Effect of Cocaine on the Disposition of 
Noradrenaline labelled with T Tritium 


Pe eet ace ee 
adrenaline, noradrenalin 
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release from these stores, but his evidence was only 
indirect. 
O-methylation is a major route for the inactivation 
cadecho: 


f 
the formation, of *H-normetanephrine by O-methyla- 
tion. 
Male cate (1-7-8-6 kgm.) were ansethetized with 


and the left femoral artery for the withdrawal 
of blood samples. Cocaine (5 mgm./kgm.), dissolved 
in 5 ml. 0-9 per cent (w/v) sodium chloride solution, 
was injected intravenously over a period of 5-10 
min. When the blood-pressure had returned to a 
steady level, di-f-*H-noradrenaline (1-72 mo./mgm.) 
was injected intravenously (dose, 25 pgm./kgm.) 
within 5-10 seo. Blood samples were withdrawn 
periodically and the animals were decapitated 1 hr. 
after the injection of noradrenaline. Adrenal glands, 
heart, liver, abdominal wall muscle and a ‘were 
removed immediately, homogenised and analysed 
for "H-noradrenaline and *H- hrine’, 


Table L ae OT oe x TH" Tasun Oowmorr oy "H-Nox- 
Lune AED "FH NORMELANEYHAINE 


site magm. *H-noradrenaline or “H-normetane- 

en pe Gere cacti Ta EB aah wees Coe 
eocaine-trea ted ca'a (for Caen 

venously with "H-noadrenalme 


untreated and 


seven mn four 
seo texi). 





im a marked reduction in ther content of *H-nor 

adrenaline. The quantity of ‘H-noradrenaline in 
liver and skeletal muscle 1 hr. after the jection was 
also reduced, but to e amaller extant. The effect of 
cocaine on the tissue-levels of “H-normetanephtine 
was less marked ; reductions were observed in heart 
and spleen and an elevation in skeletal muscle. 


ibe ce ee i oe 

Table 2 shows the plaame-levels of *H-noradrena- 
line and “H-normetanephrine at various times after - 
the injection of "H-noradrenalme. In the cocaine- 
treated animals the level of *H-noradrenaline exceeded 
the control-levels during the first 3 min. after the 
injection, confirming the observations of Trendelen- 
burg’, but in later blood samples there was no 
ee ae ee 

These experimente show that cocame 

reduces the uptake of circulating noradrenaline into 
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Tablo 2. INFLUNEON or OOGAINE ON Praga LAVMLA OF | 
*H-NORADEENALING AXD *H-NORMMTAWEPHEINE 


Results are expressed in 


*H-noradrenalins or *H-normeta- 
nenhine per ml. of plasma (moan valge + 8) 











HEHH 
OrrPraae 
ROI OER 
lad 
ORO 
DO dion he 














certain tigsues, presumably by interfering with 
binding of the hormone. This interference with the 
uptake raises the amount of circulatmg catecholamme, 
and this is reflected m the increased plasma noradrens- 
lime-levels observed in the early stages after an 
intravenous injection. Noradrenaline therefore existe 
in a free and active state for a longer period than in 


Tt is unlikely that cocaine is acting by interfering 
with the ensymioc inactivation of injected noradrena- 
line, since we have found that it does not mhibit 
O-methyl transferase +n vitro. Furthermore (Table 1), 
cocaine has had little effect on the content of *H- 

e Doradrenaline, and no signifloant effect on the oon- 
centration of *H-normetanephrme in the liver, 
which is the organ having the highest’ concentra- 
tion of catechol-O-methyl transferase’. 

We have found that reserpine also reduces the 
tissue contend of *H-noradrenalme, and elevates the 
plasma-levela (unpublished observations). Both 
patel are and cocaine’ cause supersensitivity of 

thetically innervated organs, but reserpine 
reledeod catecholamines from tissue stores", whereas 


catecholamine, elevated plasma-levels of the free 
hormone, and supersensitivity. 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
National Institutes of Health, 
Bethesda, Maryland. 
* Fallow of the Rockefeller Foundation. Present address: Bio- 
ney Doparinient, Univesity of Cambridge, England. 


*Oamon, W. B., and Rosenblusth, A, “Autonomic Nouro-effector 
* (The Macmillan Oo., New York, 1087). 
aud Bey. 


Whitby, te G, Y ‘Well-Malherbe, H., and Axatrod, J. (in preparation). 
and Tomehick, R., J. Biol. Chem., 333, 702 (1058). 


a Burn, J. H., and Walker, J. M., Brit. J. Pharmacol, 
meta eet clos). 
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Effect of Trypan Blue on Rat 
Embryos 


Ta teratogenic effect of trypan blue in pregnant 
rats has been well established’*. The dye appears 
to be most active when injected at 84 days of preg- 
nancy and gives rise to a variety of abnormalities 
involving almost all the systema of the embryo. 
Of a number of chemically related azo dyes tested, 
trypan, blue was found to be the most active terato- 
genic agent in rate‘ and it has also been shown to 
act as a teratogen in other rodents" and in chicka’. è 
ita action have 


suggests maternal metabolic changes resulting in the 
formation of substances which are responsible for the 


preliminary investigations into the 
E sci erat aa 


oride, di edt ae 
a as eon ag The 
actual amount of the azo dye in the samples varied 
from 19-8 to 85-6 per cent, and for this reason it is 
difficult to compare dosage-levels and to assess the 
resulta of previous workers who have used commer- 
cial sources of the dye. 

Paper chromatography of the dye samples has 
revealed in all cases a number of chromogenic impuri- 
ties, the main one being red in colour. The ratio of 


cally 

ie ee separation (Table 1, ool. 4). 

has been previously noted in trypan 

blue!*.! and & similar red i has been found in 

Evans's blue (Z' 1824) (ref. 12). The latter dye is 
also to some extent aig ae 

The main red impurity 


chloric acid) was gene, first mother 
liquor obtained after the ea ele of crude 
trypan blue (Grubler). A ‘Solkaflock’ cellulose column 


was used with water as the eluting agent. The 
mother li was de-ionized in a Wood's electro- 
dialypex!* ore being applied to the column, and 
the separated red fraction was dried èn vacuo and 
dissolved. in water to give a 0-5 cent w/v solution. 
The red material, seis is of stracture 
diffused slowty through a ‘Cellophane’ membrane 
and when injected into rata was quickly excreted in 
the urine. It therefore seems feasible to agsume 
Bee ie E pyp Diae Gienia the 
blastocyst. 


tion of trypan blue (Grubler) twice 
"fm hot watar gevo a Blua dy Gg 290 mu in N 
hydrochloric which showed negligible chloride 
said and ay a eae cf he ted IAAT Further 
puriflcation of this material waa not possible at this 
time due to the restricted supply of the sample avail- 
able and the large loses consequent on recrystalliza- 
tion. raed lidar a e a terete 
through a ‘Cellophane’ membrane, and when injected 
into Tate it was not excreted in the urine; it was 
dried in vaouo and dissolved in water to give a 1 per 
cent w/v solution. 


td 
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. Table 1. ANALYSE OF OOMMMROIAL RAWMFLES OF TRYPAN BLUM 
Amo dre at By, rod impurity§ 
~ Sonos Chim wie as Nacl* Watert Or BeON Na, Be, eyan bluo 
G. T. Gurr vital stam 1 52 6 69 38 2 0 &1 4 
G. T Gurr vital stain 2 76-0 55 198 0 21 
760 67 198 0-18 
Michiome, vital stain 131 95 q 1 
83 189 86 4 0 08 
Grubler 97 172 78 6 0-16 
Brittah Drug Houses, L 16 116 845 0 07 
Trug Houses, Ded , vital atam 12 12 3 85 6 0-10 
Platters Garnett, 487 110 43 2 0-24 
* By potentlomsetric titration. t Lom of $ after 6 hr. at 110°. f By tatanous oblorids titration. § Measured after obromatographis 
separation. a eo ralin a abe his a der Ee ek ee d 


Table 2 








Substance tested No. of Resorptions 
Tats used (per omt) Normal Abnormal 

M R.O. hooded rats 

Control (unmjected) 14 67 138 0 

1 per cent trypan bine (Gubler) 11 30:7 30 1 

1 per oent trypan bine 12 124% 126 3 

1 ont mo Uquor 14 81-8 102 2 

0-5 per oeni red umpurity 19 200 176 i 
Wistar rats ° 

Control (unttijected) 4 6-0 81 0 

1 per oant crude trypan blue 7 50 2 9 12 








The mother liquor from the first reorystallization 
of trypan blue (Grubler) was also dried în vacuo and 
dissolved m, water to give a l per cent w/v solution. 
This solution was rich m the red. impurity, the ratio 
of the respective Wmax. values (of. Table 1) of the red 
and blue components being 0-95 compared with 
0-16 m crude trypan blue (Grubler). 

For testing the effect of trypan blue M.R.O. hooded 
rate of our laboratory strain were used. Rats in 
estrous (determined by the vaginal smear) were 
mated overnight and pregnancy was timed from 
midnight if the morning smear showed spermatozoa. 
At 84 days of pregnancy the rata were injected 
subcutaneously with 1 ml. of 1 per cent commercial 
typan blue (Grübler) or solutions of fractions derived 
from rt (vide supra) and killed at 20% days. The 
number of fostuses and resorption sites was noted. 
Footusea were removed, fixed m formalin and exam- 
ined for external malformations. A series of control 
animals remained uninjected. 

Table 2 shows the remnite obtained. 

The demonstration, that i trypan blue 
gave a resorption-rate (12-5 per oent) that was not 
significantly drfferent (0:20 > P > 0-10) from the 
control group (6-7 per cent) suggested that it was the 
mnpurities in the crude samples of the dye which were 
responsible for rte high reeorption-rate (30-7 per cent). 
This appeared to be borne out when it was shown that 
the mother liquor containmg these impurities caused 
resorption (81 0 per cent) at the same rate (0:95 > 
P > 0-80) as the crude material. 

Since the control animals were uninjected, Injection 
trauma wes considered as @ factor responsible for 
the resorptions in the experimental series. This 
consideration could be ruled out, since the resorption- 
rates given by the series injected with recrystallized 

blue and the controls do not differ significantly 
(0:20 > P > 0:10). 

Since the maim impurity in crude trypan blue 
(Grübler), apart from sodium chloride, was the red 
chromogenic ial, it was considered that this 
compound might be the causative resorptive agent. 
Tesia with the impurity showed that the resorption- 














rate (20-9 per cent) although significantly (P < 0-01) 
higher than, that of the controls fell between, that of 


recrystallized blue and the crude trypan blue g 
re (Table 2). 


fractions—including the pure red. fraction which 
Prepay patente rien a ald ingen hea 
gross sbnormalrtiea, but x" teste of significance failed 
to show differences m sbnormalrty-ratea between 
the experimental groups due to the small number of 
externally malformed footuses. All footuses are now 
being dissected to demonstrate cardio-vascular 
abnormalities. 

Although the activity of the r i trypan 
blue cannot be considered to have been disproved, 
it would appear that the red impurity is more active 
so far as fostal resorptions are concerned. An 
attractive explanation of why the mother liquor was 
more active than the red impurity iteelf is that the 
red compound, being diffusible, is rapidly excreted 
when injected alone and may not be b ab an 
optimal concentration at the carrect period of fotal 
development. When, as in the mother liquor or 
crude trypan blue, the red compound and trypan, blue 
are injected together, the excretion of the red com- 
pound may be delayed by partial ‘blocking’ of the 
reticulo-endothelal system by trypan blue. Another 
pomt that should be mentioned is that the red 
fraction, as eluted from the cellulose column, ` ocon- 
tained only the main impurity and that other, 
possibly more active, compounds which were present 
m the crude trypan blue or the mother liquor may 
have been left on the column. Finally, it should 
be pointed out that the amount of total dye mjected 
into the group of rata receiving the red impurity was 
only a half that received by the other groups. 

Recently, a Wistar stram of rat has been subjected 
to the entel treatment outlined sbove 
using 1 ml. of 1 per oent crude trypan blue (Grubler) 
(Table 2). Whereas there is no difference in, resorp- 
tion-rates between control Wistar and M.R.C. 
hooded rate (P about 0:8) the Wistar rata show a 
significantly higher (P < 0-01) resorption-rate (56-2 
per cent) (and also a very much higher abnormality- 


No, T August 13, 1960 


rate among survivors) than do the MR.C. hooded 
rete (80-7 cert). with the various 
fractions of crude trypan blue are now being repeated 
on the more susceptible strain especially with the 
view of examining the rates of congenital malforma- 
tion in the survivors. 

F. Buox 

B. Sram 

J. 8. BAXTER 


Departments of Anatomy and Biochemistry, 
University a ee 
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Antileukamic Ay of Glycyrrhetinic 


RECsNILY gome arene paiera 
activities of glycyrrhetinic acid corresponding to 
those observed with the adrenal cortical hormones 
have been shown ; for example, a DOCA-like effect on 
sodium and potassium metabolism in normal people 
and an anti-inflammatory activity in different animal 
testa’. 

It seams that the drug acts through the adrenals, 
because no effect on the sodium and potassium balance 
in adrenalectomized rate has been established. 
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Investigations to obtain a substance like adrenal 
cortical hormone by transforming the carboxyl- 
group of glycyrrhetinic acid in a ketol group and the 
3-OH group in an oxo-group did not enhance or change 
the activity*. 

iments oarried out recently by L. M. Ather- 
den? have contributed to the explanation of the mode 
of action of glycyrrhetinic acid. This author showed 
that a direct effect on the steroid enzyme system 
inhibits the metabolism of and 1l-de- 
oxycorticosterone. In this test 11-deoxoglycyrrhe- 
time acid inhibits to a small extent only. This 
demonstrates that the 1l-oxo-group is required for 
inhibition. 

The purpose of this communication is to describe 
a further parallel between the activity of adrenal 
cortical hormones and inio acid. 

E. R. Heilman and E. C. Kendall’ have shown, that 
cortisone retards growth of malignant lymphosarcoma 
in mice. Similar resulta have been obtained by 
J. B. Murphy and E. Sturm’ with adrenal cortical 
hormones in oil: m rate, development of the disease 
after inoculation with leukemic oells has been 
vented. About 50 per cent of the rate survived 8 
the survival among controls was less than 5 per cant. 

Clinical investigations have also demonstrated the 
effectivenees of cortisone in acute leuksmia, 
especially in the lymphoblastic variety of acute 
leukemia‘. 

We have found that ghyoyrrhetinic acid has a 
similar activity on the development of transplantable 
Oberling-Guérm myeloma in rate: a- and 8-glyoyr- 
thetinio acid react qualitatively in the seame way 
(Table 1, b and o); but it seems that the a-com d 
is more active. Also the corresponding 3-oxo- 
compounds (d and e) behave analogously. With the 
3-oxo-20-ketolacetate (f) of glycyrrhetinic acid we 
bave obtained different results with different kinds 
of leukeamias: with the Oberling-Guérin myeloma 
some activity has been noted, whereas a lymphatio 
tumour of the mouse (leukemia 1210) does not seem 
to be sensitive to the drug. The compound 3-oro- 


Table 1. Hyrect oF GLYOYRRHETINIO ACID AND DMRIVATIVER ON THE DRVRLOPMENYT OF TRANSPLANTABLE ‘OBERLING-GUEAM’ JIYNLOMA 
mm Bars 












































Compound (mgm_fkgm.* Deas ba ore, 
an 
intraperttonea lly) Goutrols 
+90 
(a) Oortisone 50 9 EET 
+ 231 
a-Glyoyrrhetinis 
k (b) 18 acid 80 9 or 
+155 
{e) i 18 a-Glycyrthetinic acid 80 25 Tiss 
+202 
a-glyocyrrbetinic 
(€) 8-Oxo-18 acid 80 20 ET 
+128 
A-atyoyrrhetinio 
(e) %-Oxv-18 acid 80 17 FITE 
Q) 8-Ox0-t0-ketolacetate-18 5- 50 5 + 17-0 
glyoyrrhetinio acid +188 
11-Deoxo-18 A-gtysyrrhetinic + 17-7 
o ui bie F Fie 
(A) 8-Oxo-18 a-glycyrrhetiniw-f- +190 
dimethylammoethylester 50 10 
ee on 
() 8-Oxo-18 + 82 
dimethylaminosthyiestor 50 10 + 18:3 
moethansuiphonto 
14-40 
o sarees | | FET 
M SÀ -succinate rof, 50 10 + a a 








* Duration of treatment: 11 days starting 24 hr. after tumour implantation. 
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18-2- NEPE acid (d) was also active against 
loukæmia 1 

A ces eg ‘result was obtained with 11-deoxo- 
glycyrrhetmic acid (g). In order also to carry out 
experiments with water-soluble ‘compounds, which 
eventually could show s higher activity, we have 
tested the 6-dimethylammoethylester of 8-oxo-f- 
glycyrrhetinio acid (+), but it was inactive. Since the 
8-acid in compari with the a-acid is much more 
difficult to hydrolyse’, we have investigated also the 
corresponding «-acid ester (A): it has proved to be 
inactive as well. The f- and «-acid hydrogen sucem- 
ates of glycyrrhetinio acid are also inactive. These 
3-succmates have a high anti-inflammatory activity 
(R. 8. H. Fmney and G. F. Somers’). 

It is of interest to note that the glycyrrhetinic 
compounds do not mhibit the inorease in body-weight 
as in the case of cortisone (Table 1). We have not 
yet been able to establish whether this fact is in part 
due to retention of water. 

With other tumours, for example, mouse sarcoma 
180, no activity was observed with any of the listed 
com’ . Tumour growth was determined by 
weighing the localized excised tunours 12 days after 
subcutaneous implantation of a rat myeloma cell 
suspension or 8 days after transplantation of the 
mouse sarcoma 180. Adult Wistar rate or stock 
albino mice-of both sexes were used throughout the 
experiments. 

We are indebted to the Oancer Chemotherapy 
National Service Center, National Institutes of 
Health, Bethesda 14, Maryland, for carrying out the 
determinations on 1210 leukewmia-bearmg mice. 


W. LOGEMANN 
F. LAURIA 
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G. OupKowroz 
J. FRANOBSOHINI 
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Istituto ‘Carlo Erba’ per Ricerche Terapeutiche, 
Milan. 
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„ and Tosolini, G., loo. oit. Lauria, F 
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* Bee Weeses, P., Wintrobe, W. M., n, B. B., and Cartwright 
G. F., Arok. Int. Moed., Q4, 384 (1084). 
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Protective Effect of Cysteine against 
Retinal Degeneration Induced by lodate 
and by lIodoacetate 


Acura degenerative lesions of the neuro-epithelium 
and of the pigment layer of the retina can be readily 
induced in the rabbit by a single intravenous injection 
of ftve different agents, namely, sodium iodate!, 
sodium iodoacetate’, drthizone*, the primary phen- 
oxyslkanes‘ and sodium fluoride’. To be effective, 
sodium iodoacetate and sodium fluoride have to be 
given, in sub-lethal doses, and only some 66 per cent 
and some 20 per cent, respectively, of animals treated 
with these agents show ophthalmoscopic lesions. 
With the remaining substances, well-tolerated doses 
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produce retinal lesions in all rabbits treated. The 
severity of the lesion produced by an agent varies 
from animal to animal, so that it ia difficult to be 
sure whether there is a fundamental difference between 
the reactions produced by these five agente ; however, 
dithixone probably gives the most severe and rapidly 
developing légion, while sodium fluoride gives the 
most localized reaction ophthalmoscopically and 
histologically. Ophthalmoscopic lesions are occasion- 
ally seen within a matter of a few hours, but more 
often, not until about 48 hr. ; fully established lesions 
are present almost always within 5 days. 

These five agenta do not seem to have very much 
in common chemically, nor apparently biologically ; 
iodoacetate is a versatile enzyme inhibitor, drthizone 
produces experimental diabetes, and sodium finoride 
18 known mainly aa an inhibitor of glycolysis. The 
mods of action of these five agents in producing retino- 
toxic damage 1s therefore obscure, and failure to 
obtain @ protective effect from the use of possible 
protective subetances—ascorbic acid’ and vitamin 
E'—has not helped to clarify matters. In the rat, 
malic acid is protective against the lethal effect of 
iodoacetate, but enhances the retinal damage’. 

In the course of some work on possible protective 
substances, there was some suggestion that methion- 
ine might prove protective against the retinotoxic 
effect. The results were, however, not convincing, 
and as methionine is regarded as ing up in the 
body into cystine and choline, and these two sub- 
stances are antagonistic in experimental liver damage, 
it was thought best to study them separately. A 
preliminary trial wrth choline and cystine in the fasted 
rabbit suggested that cystine 50 intravenously 
80 min. before and 90 min. after the administration 
of sodium iodate 17-5 mgm./kgm. A aar was 
protective in 3 out of 4 animals treated. In contrast, 
choline in doses of 30 mgm. similarly administered 
was ineffective. Further work was continued with 
cysteine instead of cystine as it 18 more soluble and 
larger doses could be readily given intravenously. 
The procedure employed was to administer intra- 
venously L (+) cysteme hydrochloride 800 mgm. /kgm. 
(using 1 ml. of water per 100 mgm. of cysteine) on 
5 days: twioe on the day of the injection of the retino- 
toxic agent (90 min. before and 90 min after the 
injection) and once daily on the two previous days 
and the two subsequent days. The results obtained 
are shown im Table 1. 


Table 1. WFFSOT OF REPRATED DOSEME OF OYSTEINE DIrRAVENOUALY 





























It RABBITS TREATED WITH Five DOVFAREET Reriotoxio AGMITS 
Dose Ro of Retinal lemons : 
Retiunotoxie | (mgm/ | animals} No w- 
agent kgm.) | treated | died | pected* | Present | Absent 
| aia fn 
Sodium 
lodate 25 10 0 10 0 10 
Sodiim 
rodoacetate 25. 13 2 5—6 1 10 
” » fæ || ji] ijo i 
” 3 
Difhizone 45 6 1 5 5 0 
1:5 Dif 
ammo ) 
gae 5 10 t -9 9 0 
fluoride 50 12 3 2 2 7 
i 4 
* In the coase of sodium lodoacctate some 50 oent are 


hrstologwwally oo Ee ee ental ait CL RU Oe, 
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It will be seen that cysteine is fully protective 
i the retinotoxio effect of sodium iodate ; 

the protective effect ia only slightly less with sodium 
iodoacetate, judged by the fast that even with the 
larger doseg of iodoacetate the ophthalmoscopic and 
histological reactions were very much milder in 
cysteine-treated animals than in controls. It would 
seem that cysteme has no protective effect against the 
remaining three retinotoxic agents listed. 

These results that the five retinotoxio 
agents known do not all exert their effect through the 
same mechaniam, or that fuller doses of cysteme, 
and more effective methods of administration, might 
give control of the three agents uncontrolled in the 
present observation. Bearing on this latter possibility 
is the fact that protection appeared to be lesa effective 
when cysteine was given less intensively (either 
intravenously on the day of the injection of iodate 
only, or in the drinking water for several days). 

AENOLD BoRsBY 


Wernher Research Unit on 
Ophthalmological Genetics 
(Medical Research Council), 
Royal College of Surgeons, 
W.0.2. 
Rowatp HARDING 


Royal Eye Hospital, 
8.E.1. 
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Influence of 5-Hydroxytryptamine on 
Renal Function in Extracorporeal 
Circulation 


A REDUCAD renal blood flow and glomerular filtra- 
tion-rate, ite a mean sortio pressure over the 
fittration- , is a feature mherent to cardio- 
pulmonary by-paas operations. Yet the maintenance 
of an adequate renal circulation is of pri 
im in preventing ischæmio damage to the 
ki 1, and much research haa been directed toward 
this special problem in the use of heart-1 machines. 
Accurate meesurements on the critical flow-rate in 
various forms of by-pass were recently reported by 
Morris e al.*. 

Another harmful evont im the use of current heart- 
lung machines is the destruction of thrombocytes. 
This seems to happen without regard to the type of 
oxygenator used? and can reach considerable dimen- 
sions. Recently my colleagues and I reported our 
obgervations on the humoral blood trauma in extra- 

` corporeal circulation‘. The destruction of platelets 


was followed by a release of cfc pean E oe 
into the blood stream, resulting in eleva of 


this substance in the plasma and in ite appearance in 
the urine. The in the urinary output, not 
earlier reported, had the same trend aa during the use 
of heart-lung machines. Table 1 shows the actual 
values and the amount of 5-hydroxyindoleacstic acid, 


the main excretory product of 5-hydroxytryptamine, 
in the urine in periods before and during the extre- 
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Table 1. Urxuany OUTPUT amp 6-Hrpaoxymmoimicerio ACID 
(5-HIAA) BXOLETON IN HXITRACORPORIAL OIROULATION 















A! 
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c: on. The wrinary output decreased 
tn Eron dogn of foe, from an average of 0-15 ml./min. 
circulation to 0-07 ml./mm. 
darme tity cae eai In one dog the reverse was 
observed. the elevated levels of 5-hydroxy- 
tryptamine in the plasma (on the average from 
0-025 pgm./ml. to 0:045 pgmjml.), the 5-hydrory- 
indoleacetic acid excretion measured per tme unit 
showed a decreasing trend. This can scarcely be 
explained on any basis other than a renal factor. 
There is evidence that the renal excretion of 5- 
hydroxymdoleacetio acid parallels that of para-amino- 
jo acid'*. If this thoory is correct, the 
5- leacetic acid excretion is dependent on 
both glomerular filtration and tubular excretion, and 
the changes in renal perfusion conditions m extra- 
corporeal circuletion explain as such the chenge under 
consideration. This concept is confirmed by the 
observation of a low urmary content of 5-hydroxy- 
indoleacetic acid in the oligouric phase efter open 
medio pega) ari indiswes Gini te aig 
excretion of 5-hydroxyindoleacetic acid can give an 
unreliable impression of the decomposition of 
5-hydroxytryptamine in condrtions with a renal 
suppression. The possible role of renal pathology is 
discussed elsewhere’. 

Considering together the reduced urinery flow and 
the release ios a S-hydroxytryptamine from dismte- 
grated plateleta, it seams reasonable that these 
two phenomena are to some degree interrelated, 

in view of the antidiuretic properties of 
5-hy yptamine. There is no general agreement 
with the concept of * that the 
ioa role of 5-hydroxytryptamine is that of a 
renal hormone. There are, however, several studies, 
well controlled to avoid the imterference of hypo- 
tension, that show a clear-cut antidiuretic effect of 
exogenous 6-hydroxytryptamine’,1. Acoordmg to 
these studies, infusions of 5-hydroxytryptamine at 
dose-levela of 5-15 ugma. /kgm./mm. had a definite 
antidiuretic effect in dogs and rats. Also, 5-hydroxy- 
tryptamine infused into normal people reduced the 
renal blood flow and glomerular filtration-rate'*. 
The same antidiuretic effect cortainly applies to 
endogenously released 5-h: Of 
special interest in this connexion are tho findings of 
Watkins". He observed that the renal suppression ` 
began already within 5 min. after the start of a dog 
by-pass at an adequate ion and arterial pressure 
and with minimal acid- change. This type of a 
rapid renal suppression is rather to be related with 
some humoral agent in the circulating blood than 
with perfusion and conditions. 

Several factors in the use of heart-lung machines, 
many of them common in major surgery in general, 
can affect the renal function, perfusion rates clearly 
playing a central part. The release of 5-hydroxy- 
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tryptamine, a substance with antidiuretic ee 
m extr eal circuits, wrth a AA 
reduced urmary output, suggests that this Bab 
stance may also play a part m the renal hæmo- 
dynamics of by-pass operations and major surgery m 
general. Also the hberation of adenosme triphos- 
phate‘ has to be taken into account since this sub- 
stance releases antidruretico hormone from the posterior 
priuitary™. Clmical studies are in progress to clarify 
farther the problem under consideration. 

The 5-hydroxymdoleacetic acid was generously 
supplied by Upjobn Co., Kalamazoo, Mich. 

M. H. Frick 
Wihuri Research Instrtute, 
Helsmkı. 
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PATHOLOGY 


Anti-Inflammatory Activity of Salicylate 


SaLioyLaT# uncouples oxidative phosphorylation 
reactions’, and the possible relation of this major 
action on cellular metabolsm to other affects of the 
drugs is of great mtecrest*. One of the most important 
properties of salicylate is its anti-inflammatory 
actions, both in rheumatic diseage and im experimental 
inflammatory states’. Adams and Cobb‘ observed a 
general parallelism between uncouplmg asctrvity 
and the inbibrtion of erythema in the guinea pig by a 
series of non-hormonal enti-rheumatic drugs, includ- 
ing salicylate. They & possible connexion 
between uncoupling ability and thers utic activity 
but found that 2: 4-dmuitrophenol, which is & more 
powerful uncouplmg agent than salicylate, failed to 
affect the erythema test. We have observed that 
salicylate, but not 2: 4-dinrtrophenol, also modifies 
the response to the pessive cutaneous anaphylaxis 
test in the guinea pig. 

In this test, the anunals, after depilation, were given 
an mtradermal injection of antibodies to pneumo- 
coccal type III polysaccharide, followed 24 hr. 
later by the intravenous injection of the antagen and 
pontamine blue. A progressive formation of edema 
and leakage of the circulating dye then occurs m the 
areas of akin in which the entibodies have been 
injected. Animals given an mtraperitoneal injection 
of salicylate (500 mgm./kgm. body-weight), 2 hr. 
before the injection of the antigen and dye, showed & 
reduced leakage of the circulating dye, but the erea 
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in which the extravasation of dye occurred wee not 
changed. Smular treatment with 2: 4-dmrtrophenol 
(20 mgm. /kgm. body-weight) had no effect compared 
to corresponding contro] animals. 

These observations suggest thet the anti-inflam- 
matory action of salicylate, as exerted in the 
erythema and Ive cutaneous anaphylaxis testa, 
does not result from an uncoupling action on oxidative 
phosphorylation proceases and must be produced by 
ano mechanism. - 

Full details of the experiments described above will 
be published elsewhere. 

V. Marks 
M. J. H 8TH 


Chemical Pathology Depertment, 
King’s College Hospital Medicel School, 
Denmark Hill, 
London, 8.5.5. 
1 Brody, T M, J. Pharmacol., 117, 30 (1956) 
"Smith, M. J. H, J. Pharm. T Marai 11, 705 (1989). 
* Smith, W, and Humphrey, J. J.H . Path., 30, 560 (1049). 
Spector, W how 10; 478 (1968). 
‘Adams, B, 8, and Cobb, B., Nature, 181, 778 (1068). 


Fate of Homologous Adult Spleen Cells 
Injected into New-born Mice 


DURING a series of experiments involymg radiation 
chimeras, it became mereasingly evident that it 
would be neceasary to conmder the results in, terms of 
immunological tolerance of the actively ecquirede 
type. At the time a cytological marker was being 
used for tracing donor cells in the radiation chonmras, 
following the technique of Ford, Hamerton, Barnes 
and Loutrt?. It was decided to use the same marker 
in tracing cells mjected into new-born animals in 
order to determme, by a direct method, to what 
extent chimmrism is a necessary adjunct to tolerance. 
There 18 considerable circumstantial evidence that 
this 18 indeed the case".*. 

5 x 10° spleen cells of the 76/76 strain were in- 
jected mtravenously mto either O- or CBA litters 
withm 24 br. of birth. In three cases C- cells were 
injocted mto T8 babies. At various time-intervals 
after injection, animals were killed and the spleens 
were prepared for cytological analysis by e modifica- 
tion of the technique of Ford and Painan, Table 1 
records the results of preliminary experments. Injec- 
tion, of homologous adult spleen cells ınto the new- 
born animals resulted in splenomegaly end runting, 
a well-known phenomenon***. 

The rates of division in all spleens investigated, 
oxoopt that of the six-months-old anımal, were 
abnormally high and there were other signs of an 














Table 1. A CYTOLOGICAL ANALYAIS OF THN BPLE OF ANIMALS 
INJECTED at BRTH WITH ADULT BPLENN CELLS, CHROMOSOMALLY 
MARKED 

f= 

Age of rant | No. of donor | Mo of host 

Donor a in days, at aai Mba, found | celle found 
Ts | OBA | ‘ o 22 
T6 OBA 4 0 20 
T6 OBA 6 0 73 
T8 CBA 6 0 57 
Te oe 8 3 120 
T6 OBA 10 0 3867 
T8 CBA 10 0 20 
TE OBAtT 180 o 20 
oe TO 8 4 34 
(om TO 8 0 D 
œ T6 21 0 T74 











* Hyperimmune to 0- 
t Bearing a TS skm paft. 
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immunological activity which is thought to be bagio- 
ally a graft-versus-host attack. The only thing 
E spleens analysed (Table aN waa’ the 
og I p dividing donor type cells which 
has ated’. Contrary to expectation, 
E KANA Sai in young mice injected at birth with 
Loole oa adult spleen cells does not appear to be 
due primarily to proliferation of the donor cella. 
, Isacson’ came to the same conclusion on 

rather leas-direct evidence. Biggs and Payne’ 
reported that enlarged spleens in ninetean-day-old 
chick embryos injected with homologous sploen cells 


at 14 days of incubetion contained ro equal 
proportions of donor and host cells. 
A more oo series of experiments will be 


published when the resulta have been fully analysed. 

The work hes been supported by grants to the 
Chester Beatty Research Institute (Institute of 
Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Rescarch, the Anna Fuller Fumd and the 
National Cancer Institute of the National Institutes 
eae ee Public Health Service. 
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Proliferative Capacity of Acute 
Leukæmia Cells 


Several investigations have been carried out with 
the purpose of detecting some peculiarities in the 
deoxyribonucleic acid of leukmmic ocells, particularly 
ite content, tts base composition and several of its 
physico-chemical characteristios. It oan be 
that more valuable information might be obtained 
from the study of deoxyribonucleic acid metabolism 
than from the simple analysis of its statio properties. 
The incorporation of several precursors of deoxy- 
ribonualeio acid in the total leucocyte pool has been 
investigated with chemical methods'*, An increased 
uptake has been detected in leukæmio marrows as 
compared with normal ones',*. However, such a study 
does not allow a direct comparison between normal 
and pathological marrows since with these techniques 
the importance of different leucocyte populations of 
various degree of maturation is necessarily over- 
looked. That holds particularly for acute leukemia 
cells, of which the normal counterparts (that is, normal 
myeloblasts) represent only about 4 per oent of 
the whole cellular population in a normal bone 
marrow. 

Radioautography is considered at present as the 
best technique for an investigation at a cellular level. 
With this technique Lajtha‘ has studied the incor- 
poration of phosphorus-82 and of adenine-'C into 
the deoxyribonucleic acid of human bone marrow 
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cells + viro and obtained valuable results cancernmg 
the kinetiœ of cellular division. 

In the past few years the availability of thymidine 
labelled with tritium has allowed the use of the most 
specific precursor of di uoleic acid (thymidine) 
and, at the same time, it enormously increased the 
resolution of the technique (tritium labelling)". 

The present investigation deals with the inoor- 
poration of tritium-labelled thymidine, as studied 
with a radioautographic technique in bone marrow 
cells of five normal individuals and of 18 patients with 
acute leukwmia. 

Bone marrow was obtained by sternal puncture 
and iration mto & heparinized syringe, diluted 
1/1 with Eagle medium and transferred into sili- 
conized test tubes. %H-thymidine (specific activity 
890 mo./mM) was added to a final concentration of 
2-5 pe./ml. Incubation wes carried out in a rotating 
system at 87°. After 1, 3 and 5 hr. smears were made 
on gelatine-coated slides. The smears were fixed in 
Carnoy’s solution and, after several washings in 
distilled water, radioautographic preparations were 
obtained according to the current technique’. The 
percentage of labelled cells was determined, in 
each case, counting at least 100 myeloblasts for the 
normal and 2,000 blast cells for the leuksmic 
marrows. 

The strikingly lower incorporation of thymidine 
labelled with tritium in acute leukmmia cells as 
compared to that detected in normal myeloblaste is 
shown in Table 1. No significant variations in the 
percentage of labelled, cells were observed among the 
different normal bone marrows. In all cases, between 
the first and the fifth hour of incubation, the percen- 
tage of labelling did not significantly increase. 


Tablo 1. PIRCHYTAGE OF LADNLLAD MYELOBLASTS AFTER 1 HR. 
INCUBATION 
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It is well known that the incorporation of thymi- 
dme, as evidence of synthesis of deoxyribonucleic 
acid, occurs only aa -a propamtion for later mitosis. 
It is therefore consid be the most relable index 
of the proliferative capacity of a tissue. The low 
percentage of labelling detected in acute leukemia 
calls therefore indicates an extremely low proliferative 
capecity of these elements. Onur results are in good 
agreement with those pPrevpuay suggested by other 
investigators utilizing © marrow cultures and the 
stathmokinetic test??,1. 

These results are in contrast with the current 
opinion of a high mitotic activity of leukemic tissues, 
and suggest that in acute leukemia elemente, as 
compared to their normal counterparta, another 

functional defect is t associated with 
the well-known incapacity to differentiate. This con- 
sideration might be of some peace in regard to 
a more rational therapeutic approach in acute 
leukemia. 
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RADIOBI OLOGY 


Removal of Internally ited 
Americium by Chelating Agents 


Durg recent years there has been considerable 
mterest in the use of chelating agents to remove 
certain radioelamenta deposited in the body. Ethyl- 
enediamine tetraacetic acid has been investigated 
extensively, and more recently there have been 


more effective than ethylenediamine tetraacetic acid 
for the removal of deposited plutonium’, and that it 
also increases the excretion of thorium from the body". 
We have studied the effect of these two chelating 
agents on the removal of americium-241 from the 
rat. ents showed that both 
reagents significantly increased the excretion of this 
nuolide and that diethylenetriamine pentaacetio acid 
was approximately twice as effective as ethylene- 
diamine tetraacetic acid. 

Groups of three young male hybrid rate of the 
F, generation bred from Marshall and August 
parente were injected intravenously with 0-2 po. 
americium-24] as the citrate complex. Treatment 
with 0-8 mmole diethylenetriamine pantaacetic acid 
and 0-2 m.mole calcium gluconate, given, by intra- 
peritoneal Injection in 2 ml. of solution, was started 
at times varying from 1 hr. to 7 days after the mjec- 
tion of americium-241 and repeated at weekly 
intervals. The rata were killed 21 days after the 
injection of americium-241 and the alpha activities of 
the liver, femur, carcass and excreta were measured 
by the technique described by Turner, Radley and 
Mayneord*. 

In Fig. 1 the distribution, of americium-241 twenty- 
one days after administration to a normal animal is 
compared with that in animals treated with diethyl- 
enetriamine pentascetio acid at various intervals. 
The untreated animals contam approximately 40 
per cent of the injected activity in the skeleton, 
25 per cent in the soft tissues, and excrete about 
85 per cent. When treatments with diethylenetri- 
amine pentaacetio acid were commenced at 1 hbr., 
6 hr. and 7 days after the administration of americium- 
241, the levels in the skeleton were 7, 10 and 20 per 
cent, respectively, and the amounts in the soft 
tissues were reduced to leas than 1 per cent of the 
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Treatment commensed at 


Untreated 1 br. 6 hr. 7 days 


ee ‘distribution and tastier of action ee me 
injected activity. Most of the americium-241 that 
was removed was excreted in the urine. 

It is concluded that diethylenetriamine pentascstic 
acid can remove americium-241 from the skeleton 
and soft tissues, and that an appreciable reduction 
in the body burden can be achieved, particularly 
when the agent is administered within a few hours 
after exposure. 

This work will be more fully reported in a later 
publication, which will include a comparison of the 
effecta of multiple and single doses of chelating agent, 
and the effects of oral and intraperitoneal administra- 
tion. 

We wish to thank Prof. W. V. Mayneord and Dr. 
L. F. Lamerton for their help and enoouragement, | 


and the Geigy y, Lid, which 

supplied the eble en mina pentaacetic acid. 
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Radiosensitivity of Mouse Kidney 
undergoing Compensatory Hypertrophy 


Wa have been interested in assessing the degree or 
extent of acute radiation damage to the kidneys, 
particularly as it may relate to late radiation effects 
on this organ, namely erosis},*. Signifloant 
acute changes in renal morphology (that is, during the 
first month), following whole-body irradiation in the 
lethal EEr an have not in general been observed?,*. 
In this connexion, it is well known that the kidney of 
the normal adult exhibits only minimal mitotic 
activity. Therefore it was thought of interest to 
ascertain whether the kidney becomes radiosensitive 
when mitotic activity is stimulated by unilateral 
nephrectomy. Mitotic activity of the kidney following 
unilateral nephrectomy has been shown by Rollason* 
and by Sulkin’ to be largely restricted to the period 
48-72 hr. 

Female mice of the (O57L x .A)#, hybrid strain were 
employed. A total of eighty 10-week-old animals 
were subjected to left unilateral under 
ethyl ether anmstheaia. The left gland was 
dissected free from the kidney with ite blood supply 
intact, and spared. The excised kidney was gently 
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blotted and weighed in a glass-stoppered weighing 
‘bottle to the nearest milli In a series of normal 
mice, comperison of the left and right kidney weights 
in each animal showed no more than 5 per cent 
difference—the right kidney being the larger in every 
case. These mice were divided into four sub-groups, 
approximately 15 each. One sub-group was X-irra- 
diated in a aingle whole-body exposure to 690 r. (a 


A third sub-group of nephrec 
X-irradiated similarly (690 r.) 48 hr. after surgery, 
with the fourth sub-group serving as the non-irra- 
diated controls. A fifth sub-group was irradiated 
(690 r.) 1 br. prior to unilateral nephrectomy. Of the 
80 original mice, 75 were killed three weeks after 
surgery (a time at which compensatory hypertrophy 
of rat kidney has been shown to reach a plateau’), 
and the remaining right kidney removed and weighed. 
Kidneys from four of the original mice were removed 
48 hr. after nephrectomy, and fixed in formalin for 
histological examination. One mouse of the 80 died 
7 days post-irradiation. For determination of mitotio 
activity, kidney sections were stained with F 
reagent, and mitoses per 50 high-power fields were 
calculated. The X-radiation source was a Westing- 
house therapy unit, at 250 kVp. The radia- 
tion factors were: 15 m.amp.; filter 0-5 mm. copper 
plu 1 mm. aluminium; half-value layer 1-5 mm. 
copper; target-skin distance 100 om.; dose-rate 
° 30r. per min, in air. a 

A of the results showing © 
Sea ie oa ae Oe ees 
a yes Pee l. 
It is evident that in the group irradiated (690 r.) 
48 hr. post-nephrectomy, compensatory hypertrophy 
of the right kidney was not inhibited, as compared 
with that of non-irradiated, i controls. 


weight of kidney—only one kidney showing increase 
in weight of as much as 21 per cent, the bulk of the 
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remainder showing weight increases of 10 per cent or 
leas. 


The weights of the normal left kidneys ranged from 
86 mgm. to 159 mgm., with a mean of 121 mgm. 
The iy Seamer weights of the right kidneys 
extirpated the non-irradiated mice 3 weeks post- 
surgery ranged from 127 mgm. to 203 mgm., with a 
mean of 167 mgm. By contrast, weighta of the right 
kidney of mice irradiated 8 hr. post-surgery ranged 
from 114 mgm. to 170 mgm. (mean of 187 mgm.), as 
compared to weights of the right kidney of mice 
uradiated 48 hr. post-surgery with a range of 120- 
205 mgm. (a mean of 167 mgm.). 

Mitotic counts were determined on the right 
kidneys removed from two non-irradiated control 
mioe 48 hr. after left unilateral 


surgery. In the non-irradiated mice, 186 and 147 
mitoses, ively, per 50 high- fields were 
observed. By comparison, the ki of the irra- 
diated mice (irradiated 8 hr. post-nephrectomy) 
showed only 7 and 5 mitoses per 50 high-power fields 
48 hr. after 


tely between 
ding values for normal, non- 
irradiated kidneys were 5 and 8 mitoses per 50 high- 
power fields, respectively. 

When 690 r. X-radiation was delivered 1 hr. prior 
to nephrectomy, no inhibition of capacity of the 
kidney to undergo compensatory hypertrophy could 
be detected. The weights of the left kidney from this 
group (that is, at the time of unilateral nephrectomy) 
ranged from 98 mgm. to 140 mgm., with a mean of 
118 mgm. The weights of the right kidney, that is, 
three weeks post-ne my, ranged from 129 mgm. 
to 205 ., with a mean of 168 mgm. The peroan- 
tage weight increase of right kidney over left kidney 
varied from $0 to 54 per cent, with a mean increase of 
42 per oent. 

The foregoing results indicate that the mouse 
kidney is radiosensitive during a critical time period 
following & stimulus to ocell division, namely unilateral 
nephrectomy. If the irradiation (690 r.) is carried 
out 2-8 hr. post- y, there is a marked 
inhibition both of mitotic activity at 48 hr., and of 
compensatory hypertrophy, as measured at 3 weeks 

. By contrast, when irradiation (690 r.) 
is carried out 48 hr. post-surgery, the capacity of the 
Kidney to undergo compensatory hypertrophy is not 
impaired. It seams evident that the radiosensitivity 
of the kidney 3 hr. post-unilateral nephrectomy is 
somehow related to its cellular activity following upon 
the stimulus which leads to oell division—presumably 
preperation for deoxyribonucleic acid synthesis, since 
Becker and Ogawa’ have demonstrated an inarease 
in the amount of deoxyribonuoleic acid per nucleus 
under these conditions of mitotio activity in the 
kidney. Recent studies by Beltz and Applegate’ on 
regenerating liver would appear to shed further light 
on this problem, at the biochemical level. Those 
workers subjected rata to partial hepatectomy, 
exposed them to 1,500 r. at 12-18} hr. post-surgery, 
and killed them 25 hr. after ; away for 
incorporation of thymidine labelled with tritium into 
deoxyribonucleic acid by the liver supernatant 
fractions tm tiro was then oarried out’. It was found 
that the liver supernatants from the irradiated 
partially hepatectomized rate possessed only 10 per 
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cent of tħe capacity of the saine on fractions ‘from < 
non-irradia 
dine’ into deoxyribonnoleic acid. . They _ conslude 


that the effect of irradiation “is fo prevent the 


synthesis, or the production of. zymogen activation - 


of one or more enzymes in the group of enzymes 
funotioning to incorporate thymidine. into deoxy- 
' ribonucleic acid”. 
tadiation-mhibitioh of compensatory hypertrophy in 
-the kidney, presented in this. report, in terms of 
similar mechamsms. 


.- This investigation bas been supported in part by 
- funds from the Bureau of Medicine and Surgery, U.S. 
: “Navy Department, and from the Office of Orvil and 
- Defense Mobilization. The opinions and assertions 
'_. oontainéd' herein are not to be construed as official 
or as reflecting the views of the Navy Department. 
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Uptake of Thymidine and Synthesis of 
Deoxyribonucleic Acid in Mouse Ascites 
Cells 


Recent studies of the synthesis of deoxyribonucleic 
acid have suggested that the radiation-sensitive 
period may occur at a stage in the cell-cycle before 
the polymerization of new deoxyribonucleic aad 
begins, that is, during the Gl perod’*. It there- 
fore appeared to be of interest to study, in more 
detail, the assimilation of the precursors into cells 
and their incorporation into deoxy- 
ribonucleic acid. With this object we have exammed 
the uptake of thymidine labelled with tritium 
into mouse Ehrlich and Landaschutz ascites cells 
in viro, the total activity present in 
the oell and the activity i into deoxyribo- 
nucleic acid, as s function of time. The distribution 
of the precursor among the oells af the population 
wes determined by autoradiography. 2 ml. aliquote 
of suspension containing about 10° cells were in- 
cubated at 37° in a medium contaming 50 per cent 
agoitio fluid and 50 per cent fortifled Hanke’ Sedni 

(5 gm. glucose/l.). At the end of the incubation the 
cella were washed five times with ice-cold Hanky’ 
medium and finally suspended m 4 ml. of the medium. 
Autoradiographs pon in tho usual manner, 
tha oella Leiar air dried, | ed with 2 per cent acetic 
acid or with 45 per cent acetic acid in alcohol and 
washed before the a ee of the stripping film. 
Deoxyribonucleic ac from 2 ml. of the 
cell suspension using the method of Kay, 
Smmons and -Dounce’, the final product being 
dissolved in 2 ml. of water. The solutions of deoxy- 
ribonucleic acid and the cell suspensions were homo- 
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genired by treatment with ultrasonics before plating 
on aluminram planchettes. Determinations of tritium 
activity were made using a windowless flow counter 
working in the proportional region with an efficiency 
of about 15 per cent. Deoxyribonucleic acid contents 
of the cell suspensions and acd solutions were 
determined umng the modifled diphenylamine method 
of Burton‘. 

The general pattern of the results obtained for 
both of cells is illustrated m Fig. 1. Thymidine 
18 Tapil takan sco by Whe sella; bai tlie ste of insane: 
ee ee 

amount of thymidine which the cells can take 
up is limited. For example, when 0-001 pM of 
thymidine ig added to a suspengion containing about 
10* oells, nearly all of it is taken up by the ocells in 
1 hr., but when ten times this amount of thymidine 
is added the amount taken up in 1 hr. is only slightly 
increaged. The amounts of tritium-labelled thymidine 
in the cells and in the deoxyribonucleic acid are not 
increased iably by longer periods of incubstion 
(ap to 3 hr.). Addition of the other three nucleosides 
does not influence the amounts taken up. The 
failure of the cells after 1 hr. to take up more thymi- 
dine or to synthesize more deoxyribonucleic acid is 
not due to a general stopping of the metabolic pro- 
cesses of the cells since the rate of incorporation of 
orotic acid into the ribonucleic acid continued at a 
constant rate for at least 24 hr. Neither can the effect 
be attributed to damage caused by radiation from 
the labelled thymidine + in the cells, since the 
amount of precursor into the cells and incor- 
porated into the deoryribonneleis acid is the same 
if 0-01 uM of thymidine ıs edded with an activity 
of 5 uc. or 0-5 po. It appears that when the cells are 
incubated in this medium some changes occur orome 
metabolite is lacking which prevents them from 
either accumulating thymidine or synthesizing deoxy- 
ribonucleic acid for more than a short time. 

We have also attempted to ascertain the nature 
-and distribution of the precursor which 1s present in 
the cells but not polymerized into deoxyribonucleic 
acid. Nuclei were using the method of 
Allfrey ef al", and the non-nuclear fraction was 
found to contain scarcely any activity- The mio: 
radiographs algo showed that the 
concentrated in the nuclei of the oe. Very little 
activity was lost from the nualei on standing in 
Hanks’ medium and no exchange was detected when 
inactive thymidine wes added to the medium. It 
was, however, found that treatment of the cells or 
nuclei with ultrasonics and centrifuging for 20 min. 


oleic acid 
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at 100,000g left considerable amounts of activity -in.. 
the supernatant fraction. Chromatography ofthese | 
supernatant fractions (isobutyrie acid/ammonia sol- `. 
vent) obtained from cells incubated for 1, 5 and 16-, 
min. showed that the activity of tritium was accaunted 
for as 15 per cent thymidme di- and tri- n 
(these two compounds were assayed to ), 25 

cent thymidine monoph te and 60 per eat 
thymidine in all cases. resule suggest that 
thymidine is taken up by the oells and transferred 
to the nucleus where an i is rapidly set 
up between thymidine, thymidylic acid and the di- 
and tri-phosphate derivatives. Although these com- 
pounds cannot be simply washed out from the cells 
or nuclei, it appears that they are not firmly bound 
within the nucleus since they can be liberated by 
destroying the nuclear structure. It seams probable 
that some part of the precursors may be even more 
firmly bound within the nucleus since the activity 
of the supernatant fractions obtained after ultrasonic 
treatment, added to the observed activity of the 
deoxyribonucleic acid, accounta, in some cases, for 
only 60 per cent of the total activity of the cells. 
Table 1. 


ComPakisomw OF THE ACTIVITY OF OCELLS sD 


Tarrium 
DEOXYRIBONUOLMIO ACID AWD THN DBGRAN OF LABELLING ODSERYED 
IN AUTORADIOGRAPHY HXPERINIENTS 








It has usually been considered that the activity 
observed, in the nucleus, by autoradiographio pro- 
cedures after ap 


into deoxyribonucleic aoid*. 
abow that this is not valid. It can be 
seen, for example, in Table 1, that after 60 min. 
incubation the average amount of tritium-labelled 
thymidine assimilated per cell is little different from 
that observed after 15 min. incubation, though more 
than twice as much of the thymidine has been 
incorporated into deoxyribonucleic acid. The data 
from the autorediographs suggest that the average 
activity per cell ia roughly the same for the two periods 
of incubation and clearly beara no relationship to 
the activity of the deoxyribonucleic acid alone. It 
would therefore appeer that the fixing procedure 
does not remove a signifloant part of the labelled 
thymidine, which is incorporated into the cell but 
not* polymerized mto deoxyribonucleic acid. To 
confirm this conclusion & suspension of washed ocells 
was centrifuged and the cells resuspended in (a) 2 per 
cent acetic acid and (b) 45 per cent acetic acid in 
alcohol. After standing for 5 min. at room tempera- 
ture the ons were and the 
activity of the supernatant fractions assessed. In 
both cases the total activity of the fixing fluids wes 
less than 10 per cent of the total activity of the cell 

i Table 1 also shows thet only one-third 
of the oells in the suspension have essimilated labelled 
thymidine. It would therefore a that under 
the conditions used im our experiments, the auto- 
radiographic process detecte not only the cells which 
are actively polymerizing new deoxyribonucleic acid 
but also those E anidh contain precursors in & form not 
easily removed by the washing and fixing procedures 
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‘mitotic activity-froni counta of the number of labelled 
-cells in autoradiographs and have found 


an & 
iidex considerably greater than that obtained from 
experiments using colchicine to inhibit cell diviaion!*. 
The results described above could provide an explana- 
tion for this anomaly. 

We are indebted to Prof. J. A. V. Butler for 
encouragement in this work. We also wish to thank 
B. Hunter.and B. Wilson for technical assistance. 
This mvestigation haa been supported by grants to 
the Chester Beatty Research Institute’ (Institute of 
Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Emprre Canoer 
Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Research; the Anns Fuller Fund and the 
National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 
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Effects of Whole-body Irradiation on the 
Breeding Plumage of the Weaver finch, 
Quelea quelea 


TasRE have been recent unsubstantiated reports 
that individuals of certain migratory species of birds 
have arrived in their African wintering grounds in 

plumage instead of their normal colipse 
condition’. Again, several migratory waders have 
been collected in Great Britam in unseasonal plumage. 
Some have been found to be radioactive ; an examina- 
tion has shown m some of the birds stimulation 
effecta of the neuro-endocrine apparatus abnormal 
for the season (Harrison, J. M., personal communica- 
tion). There is no evidence that the two factors are 
related, but the possibility that the anterior pituitary 
and sexual cycle, involving plumage changes, have 
been artificially disturbed by radiation could not 
be overlooked. 

In order to investigate whether such phenomena 
can be produced by radiation, seasonally dimorphic 
weaver finches (Quelea quelea) were imported from 
Africa. In this species the male periodically assumes 
a vivid nuptial plumage, and after reproduction moulta 
into non-breeding plumage which is indistinguishable 
from that of the permanently sombre female’. This 
cyclical assumption of a brilliant nuptial plumage 
is, a8 in certain other African weaver finches, under 
the direct influence of the adenoh: hysis® and has 
been adopted by Witechi as a bio-assay test for 
gonadotrophins. He and his co-workers showed that 
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the deposition of melanin in regenerating feathers 
is a specific reaction to lutemixing hormone‘. 

In a preliminary experiment six groups each of 
12 individuals (6 males and 6 females) were used. 
All these were in full breeding condition, all the males 
displayed the complete nuptial plumage of black 
facial mask and golden crown and , and all the 
females bright yellow beaks and drab plumage. 
Feathers were plucked from the black face-mask 
area, of all birds, which were then left for four days, 
during which new feathera began to grow. Five 
of the six groupe were then subjected to a single 
whole-body exposure of 15-MeV. X-rays at doses of 
50 r., 200 r., 400 r., 800 r. and 1,000 r., respectively. 
The sixth was retamed as a control group. The 
source of radiation was the 15-MeV. linear accelerator 
at Bt. Bartholomew’s Hospital’, and the dose-rate 
was about 500 r./min. 

The feathers that regenerated in the plucked facial 
mask of male controla were identical with those 
removed before irradsation. In both cases they were 
black. In all the irradiated birds except those that 
recerved a dose of 1,000 r., the regenerated cock 
feathers were of the black type and indistinguishable 
from those of the controls. The regenerated plumage 
of the three survivors of the 1,000 r. (approx- 
imately the LD50 for this species with this type of 
radiation), however, was unpigmented exoept at the 
feather-tips, which had been laid down in the four 
days before irradiation. No melanin was deposited 
in the parte of the feathers that had grown after 
irradiation (Fig. la). 

Females of this species do not cyclically assume 
coloured breeding plumage, and so feathers removed 
from the facial mask area before irradiation were 
white and unpigmented. Regenerated feathers in 
female controls were unchanged, but those in the 
50 r., 200 r. and 400 r. groups now displayed a black 
band of melanin deposition. The tips, which had 
developed before irradiation, were light and of normal 
hen colour. After irradiation, however, this normally 
coloured tip was sucoseded by a band of melanin 
depomtion of a kind that normally occurs only m 
cocks. The feather base was again hen-type and white 
(Figs. 1b and 1c). It is important to mention, how- 
ever, that in the two higher-dosage groups melanin 
deposition, did not ocour and the regenerated plumage 
remained of the normal hen type. 

All birds underwent a normal post-nuptial moult 
into the eclipse condition in July. By September, 
male birds were once again starting to assume their 
nuptial plumage. 
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A second experiment was performed on Quelea 
while.the birds were in eclipse condition. Three 
groupe of 24 such specimens were deplumed im the 
mask area and their feather follicles allowed to re- 
organize. One group was then given a dose of 100 r. 
of whole-body irradiation, another 800 r., and the 
third group was retained aa a non-rradiated control. 
They were then left until the feathers had regenerated, 
when it was found that in all oases the new feathers 
were apparently normal, unpigmented and typical 
of the eclipse condition. 

The abnormal deposition of melanin in the plumage 
displayed by female birds may be indicative of pitui- 
tary stimulation induced by the lower irradiations. 
This, however, appears to be only a temporary con- 
dition, for the birds soon reverted to their natural 
plumage and underwent: normal moult cycles. 
Whether an exposure at a much lower dose-rate would 
have a prolonged stimulatory effect, and afterwards 
extend the period of melanin deposition, is not 
known and is under investigation. 

We wish to thank the Nuffield Foundation for ite 
support of this and allied studies. 
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Breeding Sites of Non-Cichlid Fishes in Lake 
Victoria 

Brugpine sites in Lake Victoria are known for 
three of the non-cichlid fishes. The lung-fish, Proto- 
pterus asthtoptous Heckel, constructs a nest in margmal 
swamp!, and the cat-fish, Clarias mossambicus 
Peters’, and the carp, Labeo victerianus Bler.'*, 
spawn in temporary streams which flow into the lake 
after rain. 

A study of the food of non-ciohlid fishes in the Lake 
Victoria basin has recently been completed, and some 
of the findings, when considered in conyunction with 
other ecological facta, have indicated that in the lake 
two species, Bagrus docmac (Forakal) and Mormyrus 
kannume (Forskal), may breed on exposed rocky 
shores. The evidence is stated below. 

The geological history of Lake Victoria‘ indicates 
that it has been colonized relatively recently by 
fishes of swamps and rivers’. Several non-cichlid 
fishes now inhabitmg the lake periodically ascend 
affluent rivers en mass, presumably to breed’. 
Bagrus and Mormyrus, however, do not do this; 


a 


a? 
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Table 1.. Nox-crowu FIRES OOLLBOTED FLOM A ROCKT SHOR IN 
Laxa Vitor - 














Bagrus takes part in the upstream tions, but 
only in relatrvely small numbers‘, and therefore, like 
Mormyrus, must be assumed to breed within the 
lake itself. Juveniles of both these species had 
hitherto only been found in numbers in torrential 
reaches of the effluent Victoria Nile at Jinja, where 
they fed on lithophilic insects among the stones of 
the river bed. In the lake the habitat most resembling 
this environment is the exposed shore, where 
many of the same insects (for example, Afronurus, 
Neoperla, Metaonemis and Phanostoma) typically 
occur. In the Victoria Nile juveniles of both fishes 
feed on lithophilio insects, but the adults on foods 
e derived elsewhere. In the lake, individuals of these 
" species below 15 om. are scarcely ever found, but the 
ood of fishes larger than this (of which more than 
4,000 have been examined) changes according to their 
size, 80 that they feed progreasively lees on lithophilio 
organisms as they become older. Thus, although 
samples of fishes from the lake included no juveniles, 
they revealed ontogenetic changes in feeding beha- 
viour which ed those observed in the river. 
This may therefore be regarded as additional evidence 
for ing that in the lake exposed rocky shores 
provide the habitat for juveniles. 

To test this supposition a small fish-poisoning 
dtr was carried out on February 18 at Entebbe; 

i ee ee ee 


shoreline, vigorous wave- 


to unusually 
action. The results (Table 1) Senta ex expectation in , 


two important respecte: make it 

certain that in the lake such a habitat provides a 
breeding site for Bagrus; and they emphasize the 
ecological similarity which exists between rocky 
shores in the lake and turbulent reaches in associated 
rivers. Whether or not Mormyrus also breeds on 
such shores must at present remain an open question, 

the evidence given earlier indicates that 

this may be so. It should be noted that one Entebbe 
specimen. of 20 am. total length was a ripe female. 

The presence of numerous Clartallabes peiricola 
Greenwood is particularly informative, since not only 
is this the first record of this ies from the lake 
proper but its type habitat’ is the very spot where 
juvenile Bagrus and Mormyrus were found in the 
Victoria Nile. One'female (6 om. total length) from 
Entebbe had ripe gonads. Here it should be men- 
tioned that another fish to be newly recorded from 
Lake Victoria, and also collected previously from the 
Victoria Nile site’, is Garra johnstoni (Blgr.), which 
was found recently on an exposed lcose-rock shore 
at Entebbe by Mr. J. P. C. Greenway. 

Another significant feature of the resulte is the 
abundance of Mastacembelus victoriae Bigr., which 
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was actually the commonest fish on the site. Like 

O. petricola, this species had previously been found, . 
to be very common on the bed of the Victoria Nile’, , « 
but had hitherto been encountered only rarely inthe `' 

lake, presumably because the appropriate: habitat 
there had not been sampled. Thus, these observations 
correspond. well with the report that in Lake Nyasa 
Mastacombelus shiranus Gimther was encountered 
commonly only when fish-poisoning was carried out 
on rocky shores’. At Entebbe three M. victorias 
(10, 16 and 26 om. total length) were ripe females. 

Although the specimens of O. mossambtous are too 
large to indicate that breeding was in this 
site, it is perhaps significant that fishes of this 
estimated age (6-12 months) should be found in such 
an environment where, as in the temporary streams 
in which they are spawned', there is vigorous water 
movement. 

From the observations recorded here it may be 
concluded that the fauna of wave-washed rocky 
shores in Lake Victoria closely resembles that of 
turbulent reaches in associated rivers (from which 
it presumably originated), and that consequently the 
rocky shore may be considered to constitute an 
important transition habitat able to accommodate 
the least-adaptable stages in the life-histories of those 
riverine fishes in process of becoming lacustrine. It 
follows that systematic studies of rocky shores may 
be expected to produce much valuable information 
concerning the ecology and evolution of non-cichlid 
fishos in the lake. 

B. doomac is one of the non-cichlids caught most 
frequently by fishermen in Lake Victoria. That 1t 
should breed on rocky shores promises well for its 
future utilization, for it is likely that in the normal 
course of events neither man nor natural predators 
will interfere significantly with such a habitat. 

I am grateful to Mesers. D. H. Rhodes and J. P. C. 
Greenway for assisting with the fish-poisoning opera- 
tion, and to Mr. P. H. Greenwood for identifymg and 
estimating the age of the Clariidae. 

A full account of the work leading to these con- 
clusions will be published elsewhere. 
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Occurrence of Free D-Serine in the 
Earthworm 


LoMBRIOCINS was first isolated from the earthworm 
by Thoai and Robin?. Anatysia of the crystalline 
material isolated in this laboratory’ showed that the 
serine component was of the p-configuration®. Serine 
ethanolamine phosphodiester, which has been shown 
to be a precursor of lombricine in the earthworm‘, has 
been isolated in the crystalline form and shown to 
contain D-serine’. 
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We now wish to report the finding of free p-serine 
in the acid-extractable free amino-acid pool of the 
earthworm. 


oyaneum. Extracts 
roparéd and frachionated-aa deecihed® fur the India- 
tion of lombricine and serine ethanolamine phospho- 
diester; those fractions 


lized easily on the addition of 2-8 volumes of ethanol 
to the aqueous solution, while the second usually 
required considerably higher ethanol concentrations, 
or the addition of ether, before crystallhzation 
occurred. 8 kgm.-of frozen earthworms yielded 45 and 
42 mgm. of the first and second crops, respectively. 
Both samples were shown to be pure serine by carbon, 
hydrogen, and analysis and by two-dimen- 
sional phy in, ethanol/formic acid/water 
(7: 1:2) and water-saturated phenol. 
-, Examination of the ical rotation (in water) of 
the two samples sh crop 2 to be lmvorotatory, 
~ while crop 1 was optically i 
‘In order +o exclude the ity of racemization 
extraction and mt fractionation, a 
le of authentic L-perine was dissolved in 1-5 N 
orio acid and the entire isolation procedure 
with this solution. The serine was recovered 
in good yield and i It was found to be 
levarotatory ([a P3 = — 7-87 in water, O = 4-2 per 
oent). 
ante optioal purity of tho oarino samples was checked 
a partially purified D-amino-acid oxidase pre- 
eon ee which also contained a very active catalase. 
With crop 1 the oxygen uptake in 8 hr. was 88 per 
cent of that theoretically expected (1-0 patom/umole) 
* for Di-sarine in the of catalase. No oxygen 
occurred with crop 2 or with the control 
L-serine re-isolated by the standard procedure. The 
posibility that tho tcseetns, found: in: tho perctiloris 
acid extract of the earthworms was due to racemiza- 
tion can thug be excluded. In this connexion 
Minthorn ¢ al." have also shown, using the two serine 
enantiomorphs labelled with carbon-14, that the 
optical purity of serine was unaffected by techniques 
Dee ee or oe on aaa 
Differential crystallization of Di-serine and 
epee incor active enantiomorphs from & mixture 
been. reported by these workers. 
ie ea at thus establish the occurrence 
of D-gerine in the free amino-acid pool of the earth- 
worm, and, in view of the almost total recovery of the 
serine contained in the original extract, suggest that 
about 25 per cent of the free serine present is of the 
pD-configuration. To the best of our knowledge this is 
the first occasion on which a free D-amino-acid has 


drawn. selectively from the amino-acid pool. 
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A full account of this work will be published alse - 
where. . 


H. Rosawnarae 
A. H. Exwon 


Department PERESA 
John Ourtin School of Medical Research, 


Australian National eye 


À Thoal, N. Ya PE Soars ee, L headed 


E, Rosito, B. Beaty, L and 
iooee, I. TB To o0)” Na 


* Negelein, H., and Bromel, H., Biochem, £., 300, 225 (1080). 
' Minthorn, Jun., Me Te, Mowe, G. A and Koeppe, B. IL, J. Biol. 


Chom. , 
cM Iina M Lan and ere B. H., Nature, 185, 459 (1000). 
i Pianot 98, 37 (1037). 


Attachment of Immature Simuliidae 
to other Arthropods 


wees biting fios of the family Simulidae there 
several species which, in their early stages, live in 
E Saara IS a&coitear wii Oier canes The 
larvæ and pupe of the Simulium neavei complex, 
which includes an importent vector of human 
onchocerciasis, are siteched to freshwater crabe, 
and those of the S. copleys complex to mayfiy larve. 
The study of the association was i by 
extermination of S. neavet in a large area of Kenya’, 
and the place of oviposition, the way in which the 
lgrvwe find their hosts, and the exact effect of the 
phenomenon are not yet known. The interest of the 


is represented i Cameroons 

a Well in oasian and entra Altice 

Se eee yee may 

Dee in ke Cad We now record the finding of 
Simuliids on dragonfly larve. 

In January about forty crabs were examined near 
Salisbury, Southern Rhodesia, for larve of the 
S. neavei complex but without success. Seven 
dragonfly larve were collected in the Unwindsi 
stream, and a4 of Simuliid eggs was found on 
the abdomen,’ just behind the wing pads, of one of 
them which was 36 mm. long and belonged to a species 
of Aeshna, probably rileyi Calvert. The three 
hundred or so yellow eggs wero placed in a wot tube 
and they hatched three days later after a journey by 
air. In the same district a small Sinmliid larva was 
found on the side of a crab in the Ruwa stream. 
The hypostomium of this larva and larve 
from the eggs had three prominent apical teeth and 
-was quite unlike that of the S. neavet but 
resembled that of S. kaniwwanus De Meillon. This 
character, combined with the presence of ventral 

pills, showed that the larve could be S. adersi 
omeroy, which was found in the larval stage on stones 
in the same stream, has a wide range of breeding 
places, and is probably related to the S. neavei 
complex. Two larvæ of another 5. medusas- 
Jorme form hargreavesi Gibbins, probably in the third 
stage, were seen on the frons and the left wing pad 
of an 18 mm. Libellnlid dragonfly larva which was 
found among a dense maas of these larve in the 

River Parmasea near Lokoja in Nigeria in August 
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1959. Other larvæ were found in similar circum- 
stances in the River Hawal in the same country. 
It seems unlikely that the eggs were laid on the 
larva by chance ; but the significance of their presence 
is unknown. Tho finding on aquatic animals of larve 
of two species, at leash one of which is outside the 
S. neavei complex and normally attaches iteelf to 
inanimate objects, may indicate how the Sinliid- 
crab association arose. Possibly larve attached 
themselves to crabs, received protection from certain 
natural hazards, and gave rise to a form which always 
behaved im this way. Whatever the reason for the 
Binas, tioy Paaso than i would be worth while 
to examine dragonfly larvæ and other aquatic animals 
in various perts of Africa and elsewhere in the hope 
of gaining more information about the association of 
immature Simuliids with larger animals. Young 
larvæ should, if possible, be kept alive in running 
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Inhibition of Nodule Bacteria by an 
Antibiotic from Legume Seed Coats 


Tan loes of viability of Rhtsobia on the surface of 
some seeds 
quoted 


suggested that an inhibi substance may be 
present in lucerne (Medicago sativa) and white clover 
soed coats. However, in no cage was it 
demonstrated whether viability was due 
only to unsuitable physical conditions for survival 
or also to an inhibitory effect of the seed. Inhibition 
of organisms other than Rhieobia, by antibiotic 
EEDE Ae oe DOR OT ee Pee eae boan 
demonstrated by several w 
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Table 1 gL OF BAOH eve DIRADE TAL ON ELATI EY 
fm subterrencum L. Y. 


AD AND Brrr oF Trifotiem YAR. 
TATIAROOT 
Inhibition zones 
Seed treatment + Mean distance — seed edge 
anne odee Gant) 
Untreated 
Autoclaved 13 
Soaked and dried O-L Led. 5 per omt = 3 4 
Soaked, dried, and autoclaved 06 
Autoclaved, soaked and dried 08 
Autoolaved, soaked, dried and autoclaved 0-3 
Sources and treatment’ of water extract Mean - 
absarbed by filter to sone edge (mm.) 
extract 00 
Extract of untreated seed 6-8 
Fortract of autocla 52 Led. 5 per ont = 3 4 


sood 
Extract of untreated soed autoclaved after 
abearption 


Preliminary investigations showed that untreated 
and autoclaved seed of subterranean clover, and their 
extracts, inhibited RAssobia in, culture, but soaked 
seed did not. The following i was then 
ee eect be ce ee 
seed’ and the filter paper method for testing 
extracta’. 

Seed and seed extracts of Trifolium subterraneum 
L. var. Tallarook were treated as listed in Table 1. 
For soaking, 20 seeds were placed in 10 ml. of dis- 
tilled water for 6 hr. This water was replaced with 
10 ml. for a further 1 hr. before being poured off 
and the seed dried. Seed extracts were obtained by 
soaking 400 seeds in 10 ml. sterile water for 7 hr. 
Sterile fitter paper disks (5 mm. diam.) were then 
immersed for 1 min., removed and dried. Disks were 
treated 3 times. Seed and filter paper diaks were 
dried, at 50° O. in a sterile oven, to minimize variations 
between treatments due to differential uptake and 
losa of water during preparation of the treatments. 
Antoclaving of seed and extracts (15 Ib. per sq. in. 
for 20 mim) prevented germimation of seed, and 
antibiotico production by seed-borne organisms. Seed 
soaking and autoclaving treatments were combined 
to test whether any antibiotic from autoclaved 


were placed on the agar surface of each of 8 plates. 
Inhibition measurements were made after 93 br. 
inoubation, at 27° O. 

Inhibition was indicated by a clear zone, containing 
no visible colonies, surrounded by a zone of reduced 
col size and number. these zones 
Bhiecbinun ium growth appeared normal. The distance of 
seed or disk edge to the zone of normal growth was 
measured. 

Untreated seed was inhibitory. With soaked seed 
inhibition zones were very small but a seed extract 
ee ee ero Autoclaving of seed did 


itory substances 
were formed due to autoclaving. Similarly autoclav- 
ing of the seed extract did not affect inhibition. The 
inhibitory substance in autoclaved seed was extract- 
able with water and the extract of untreated seed 


coat and not the embryo. Contrary to Ferenczy’s 
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findingst, germination was not necessary for antibiotic 
production. In fact, recolonization of the inhibited 
zone was more repid with viable germinating seeds 
than, with autoclaved seeds. 

Some variation occurred between. individual seeds 
bub variation between species was more marked. 
Autoclaved seed of three separate samples of three far- 
age legume species were tested with Rhizobium irifolts 
strain 7'A1. Inhibition was strong with subterranean 
clover (mean 5-8 mm.), considerably leas with white 
clover (1-5 mm.), and weak with lucerne (0-3 mm.). 
Differences in seed size do not adequately explain 
thege differences, as lucerne seed is larger than that of 
white clover. 

Field evidence, ing the presence in subter- 
ranean clover seed of substances inhibitory to Rhizo- 
bia, has been obtained at this laboratory. Spencer 
(personal communication) found that soaking of seed 
prior to inoculation and sowing resulted in greatly 
i nodulation from the applied inoculum. On 
the other hand, when moculum was applied to the 
soil there was no beneficial effect of soaking seed. 


- I have found that physical seperation of the seed 


oe 


‘commercially 


coat and inoculum, by coating the seed with inert 


material before inoculation, improved nodulation of 


clover. 


- ‘The resulta presented indicate that the seed coats 


Of the subterranean clover investigated contain a 
thermo-stable, water-soluble antibiotio, active against 
a strain of Rhisobium normally incorporated in 
prepared inocula. This substance could 

contribute to loas of viability of nodule bacteria on 
the seed both in storage and in fleld sowings. 
Ye . J. A. THOMPSON 

Division of Plant Industry, 
Commonwealth Scientific and Industrial 

Research Organization, 
A ai Armidale, 
New South Wales. 


1 Fred, `B. B., Baldwin, I. L., and MoOoy, Bilmabeth, “Root Nodule 
‘Bacteria and Leguminous Planta” (University of Press, 
Madon, 1032). 


3 Vincent, J, M., Proe. Untv. of Nottingham Tio Haster School of 


Agric. Bal, 108 (Bu 
"Lobb, W. R., N.S. J. Agrio, 98, 556 (1058). 
‘Ferenczy, L, Acda Biol, Acad, Sol, Hung., 6, 317 (1956). 
‘Ark, P. A, and Thompson, J. P., Piont Dis, Rep., 42, 950 (1958). 
*Waruxella, J. O., and Freundlich, M, Netwre, 187, 972 (1059). 
1 Osborn, H. W, and Harper, J. I., Meters, 167, 685 (1061). 
t do Beer, I. J., and Sherwood, Marion B., J. Bag., 50, 450 (1945). 


Effect of Autumn Applications of 
Potassium Gibberellate on Fruit 
Production.of the Strawberry 


Ix the autumn of 1957 at New Brunswick, New 
Jersey, single-row, 30-ft. replicated plots of Sparkle 
strawberries were treated with 20 and 50 p.p.m. of 
potassium berellate. Three applications were 
made, with the first application applied on September 
13. An additional variable was added by using both 
a l-week and 3-week interval between spray applica- 
tions.. No effect was noted in the autumn of 1957 
from these sprays except for an occasional infiores- 
cence observed on the plots sprayed with 50 p.p.m. 
The next spring the sprayed plots had a heavier 
bloom early in the flowering period as compared 
with the unsprayed plots. The harvest records for 


1958 showed that the treated plots produced about ` 


a 30 per cent larger volume of early fruit than the 


£ 
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unsprayed checks, with no difference due to interval 
between spray applications. Due to rains and fruit 
rote during the latter part of the 1958 harvest season, 
total yield records were not recorded. 

In the sutumn of 1958 another investigation was 
conducted using 30-fs. smgle-row plote of Sparkle. 
strawberry plants. Each treatment was replicated 
five times. Treatments consisted of 0, 10, 20, 30, 40, 
50 and 100 p.p.m. of potassium gibberellate (supplied 
by Merck and Co., Rahway, New Jersey, which sup- 
ported this work with a grant-m-aid) applied as 
sprays on September 17, October 1 and October 15. 
Some inflorescences were observed later in the autumn 
on plota sprayed with 40, 50 and 100 p.p.m., and ` 
potpis elongation was observed at the 100 p.pm. 
evel. 3 


Table 1. 


Erect ee SPRars ON YOD oF 


GIBNERELIATE 
ARKLE ATRAWBERRY FLUTT 











* Inoindes harvests of May 28, June $ and June 5. | 
+ Total yield was based on three harvests plus an addi- © 
tional five completed by June 1089. 


The resulta obtained in the 1959 harvest season ` 
(Table 1) indicate that by June 5 (including three 
harvests) the 10 and 20 p.p.m. treatments had signifi- 
cantly increased the volume of fruit harvested as 
compared with the unsprayed checks : the 100 p.p.m. 
treatment, on the other hand, had signi tly 
reduced yields. The total yields (including eight 
harvests) for these plote showed that there was no 
significant difference between the unspreyed checks 
and the 10 p.p.m. treatment, while all the other 
treatments showed a significant reduction in yield. 

The application of three sprays of 10 p.pm. of 
potassium gibberellate in the autumn may give the 
strawberry grower an economic advantage, since the 
early fresh market fruit commands a premium price. 

CantEm R. SrH” 

Department of Horticulture, 

` Rutgers—The State University, 
New Brunswick, 
New Jersey. 


Viability and Germination Inhibitor. of the 
. Seed of Rice 3 


Taa loss of viability of seeds within one year after 
harvesting bas been reported by Grist? from varieties 
of rice grown in British Guianas and by Ramiah’ in 
India, but no explanation has been offered. Germina- 
tion testa of a winter variety “Rupeail’ recently carried 
out im this laboratory indicated peak germination 


Tablo 1. Bmarikati0oxn-Batms oF Rice REEDS WITHOUY HURK 
Year of wi.{O,fhr./mgm., #./00,/br.fmgm, 
Veollestion dry weight dry weight 
1953 ` 0 078 0 054 ~ 
1957 ` 0-078 0-080 ` 
1958 0 143 0-118 
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Table 2. Boor amp SHOOT GROWTA (O) Dt SOLUTIONS LEACHED FROM SEEDS oF RICE HARVESTED IN DIFFERNT Y PARS 
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November 
peeps ae he. Seeds harvested in 
1958 and 1957 failed to germinate in 1959. The 
excised embryos from fresh seeds of 1958 germinated 
only in, White's nutrient agar media while those of 
one- or five-year old seeds did not grow. Respiration- 
rates measured by Warburg apperatus indicated 
higher mates in fredh seeds than the ald anes (Table 1). 
The resulte thus show that the failure of 
of old seeds of 1958 and 1957 is not due to the nature 
of the husk acting as a barrier with i ing carbon 
dioxide concentration inside or the old seeds becoming 
dead. The possibility of the presence of germination 
inhibitor and ite formation was then investigated. 
Tests were made on the basis that the inhibitor, 
if present, might be leached out of the seeds during 
ing in water for 24 hr. ings from seeds of 
1958, 1957 and 1958 were therefore used for the 
growth of viable seeds; 88-90 per cent seeds just 
sprouted but subsequent growth of root was inhibited 
from the non-viable seeds of 1953 
Bod 1067 deal sik Ce aceite Fa Ieee cei 
(Table 2). Promotion of growth of the shoot and 
inhibition of growth of the root are suggestive of auxin 
action. Amxin assay of the embryo extracta by root 
inhibition tests showed that embryos from old seeds 
contained a higher amount of imdoleacetic acid 
E OP gD as oa ier cas 
concentration, was much increased in the embryos 
of 5-year-old seeds. From consideration of the 
presence of a large amount of auxm in the embryos 
_ of non-viable seeds and reduction of embryonic root 
growth in the ee ee that there 
existg a cloge relation auxin concentration 
and the formation of germination inhibitor. 
Experiments performed on the effects of different 
light qualities indicated that white light mcreesed 
germination over the percentage in the dark. But 
the percentage in red was not increased over dark- 
nees while far-red rays had the largest inhibiting 
effect (Table 3). In photoblastic seeds Toole e al.* 
have recorded ETE ar in red over darkneaa, but 
infra-red following red inhibited ion. Inhibit- 
ing effect in rice seed was shown when red 
was interpolated between white light and dark as the 
percentage of germination was considerably reduced 
in co ison, with treatments of light and dark. 
It appears that the absorption of red and far-red rays 
loads ‘to the formation of germination inhibitor in 
Tice seeds. 


We thank Misa Protima Datta Ray for assistance 
in the measurement of respiration-rates. 


1 Grist, D. H., ‘“Bico” es ir pondon." 10%4); 
3 Ramiah, K., “Bice Breeding Genetics”, No. 19 
eee 
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Foliar Application of Nutrients and 
Rhizosphere Microflora of Camellia 
sinensis 


SUBCEPTIBILITY of plants to fungi causing root-rot 
is known to be conditioned by the rhizosphere 
microflora},’, Changes in this microflora can result 
from derangement in plant metabolism caused by 
either foliar treatment with chemicals’, 
infection of the roots" or even systamio infection by 
plant viruses‘. Therefore, it seems possible to 
stimulate artificially the multiplication of specifio 
micro-organiams in the rhizosphere by selective plant 
treatment, such as foliar application of nutrienta, 
designed to act directly on the plant without affecting 
the soil. Work on these lines, apart from a recent 
report’, has received little attention. Observations 
on sprayed tea plants reported here support the basio 
concept of changing the pattern of the rhizosphere 
microflora by foliar sprays. 

One-year-old monoclonal selections of tea plant, 
propegated from cuttings, were grown in tea field soil 
in earthenware pota, and each experimental plant was 
sprayed with an atomizer with 10 ml. aliquots of 
nutrient solutions (Table 1). Distilled-water sprayed 
planta formed controls. The soil was protected from 
run-off spray by a plastic cover. The plante were 
kept under a bell-jar for 24 hr. after each spray 
application, four of which were made st 2-day 
intervals. Four days after the completion. of the last 
spray, rhizosphere soil from each treatment (three 
replicates) was sampled and dilutions plated in 
soil-extract, glucose, nitrate-agar for bacterial, and 
in peptone, dextrose-agar containing 1 : 10,000 crystal 
violet and 15 pgm.j/ml. each of streptomycin and 
dihydrostreptomycin for fungal, counta. 
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* (i : 
C) Romer ap (2) Soopulariopeie broviosulis ‘Betn,, (3) Myro- 


Foliar spray with any of the imorganio or organig 
nutriente significantly reduced the bacterial pop 
tion of the rhizosphere soil (Table 1). O07 M colntion 
of chloride and 0-38 M disodium hydrogen 
ph te signifloantly increased the number of fungi 
in rhizosphere soil over that in the control, 
whereas a signifloant reduction of fungal numbers 
was recorded with Se ae of 0 04 M magnesium 


eulphate. The rhizosphere 


diffrne in fangal nba over contro plente, Put 
spraying with 0:76 M ammonium 
0:88 M urea significantly ee 
population. Although spray application in ee urea 
markedly increased fungal population in the rhixo- 
sphere of rice planta’, the reverse seems to be the 
Sacra . 
Table 1 summarizes specific differances in the 

genera and species of fungi oocurring in the rhixo- 
sharo of planta sprayed with different nutrilites. 

Such differences in the occurrence of a species of 
Peniotiium in the rhizosphere of urea-sprayed rice 


to be used up by micro-organisms‘. Differences in the 
rhizosphere microflora resulting from foliar applica- 
tion of nutrients is probably due to and 
quantitative in the root exudates induced 
by the plant treatment. Further work on these Imes 
as and details will be published elsewhere. 
Prof. T. 8. Sadasivan for helpful sugges- 
dine the Director of the Commonwealth Myoologioal 
Institute, for idemtifloation of fungal cultures T5 
Chief Scientific Officer of this Department for facilities 
to carry out this investigation. 
C. 8. Vassara Raw 
Tea un Station, 
P.O. Devarahola, 
South India. 
March 7. 
ATimonin, W. L, Soll Sol, E3, 395 (1041). 
L. T., Sot. Agric, 88, 208 (1048). 
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Axial Origin of the Terminal Inflorescence 
in the Genus Trifolium 


J. L. Bropparr states that floral initiation in 
red clover begins by the enlargement of the shoot 
apex. The following observations show that the 
actual shoot apex is sbeorbed by an adjoining: 
lateral bud. The origin of the terminal mflorescence 
of this species as a lateral bud is therefore similar 
to that of the axillary mflorescence m other 


species. 
In i ee ee 
T: piy oaa and T. repens), the change from 
the vegetative state (Fig. 1) to the reproductive 
begins at the shoot apex (a) with the formation of 
& bulge in the axil of the topmost leaf initial (Fig. 2). 
fo bale ce nt Han eee ee 
the bulge and leaf initial developi 

of inflorescence and leaf typical Bethe a see hd 
the tissue expanding between each leaf to make the 
lengthened internodes characteristic of the flowering 
stage of the shoot. 


A ihe VV 


ae, 


4 5 


In species with terminal mflorescences (for ex- 
ample, T. pratense and T. alecandrinum), the repro- 
by daca A oF Geet eee 
by domination and absorption of the shoot 
the first one or two lateral bulges. amity ts ee 
bulge is the only ong; it increases in size (Fig. 8) 
until the shoot apex disappears. Floreta are differ- 
entiated from s series of small bulges formed over 
its surface. Sometimes a second bulge is formed in 
the axil of another leaf initial before the shoot apex 
stops growth. In this case, the apex can be seen 
for a short time between the two enlarging imflor- 
escence primordia (Hig. 4). The younger inflor- 

t the mallet: of the- two: when: e 


oped. 
Tt is interesting to note that the terminal inflor- 
escences of well-known gramineous genera also 
originate from lateral bulges in leaf initials cloge to 


the shoot spex (for example, oet, Fig. 5). Apart 
from differences in floret structure peculiar to each 


- family, the mature inflorescence of a grees or cereal 


therefore differs from that of a clover mainly by the 
number of ‘fertile’ leaf initials, and by the develop- 
ment of each such leaf initial to form a small ridge 
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only instead of a leaf (for example, Avena sattva* and 
Lolium perenne’). 


School of Agriculture, 
University of Melbourne. 
1 Btoddart, J. L., Nature, 184, 559 (1959). 
* Bonnet, O. T., J. Agrio, Rss., U4, 927 (1937). 
* Cooper, J. P., J. Foo., 30, 228 (1051). 
t Aitken, Y., Awst, J. Agrio. Res., 6, X12 (1055). 
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A Growth Factor for Haemophilus 
Species secreted by a Pseudomonad 


Tus clustermg of bacterial colonies of one species 
around those of another—satellitiam—was first 
described for Hasmophalus influensas by Gragsberger 
in 18971. The interrelationship is probably due to 
the supply of oritical nutrients by one micro-organism 
to ae other. While the special nutritional require- 

ments of Haemophilus ies have been studied and 
some compounds essential for growth identified’, the 
nature of bacterial substances responsible for ae 
satellite phenomenon, have not been mvestigated. In 
this commumuicetion we report on the isolation of such ` 
substances. 


It is nmoh easier to study excretory producta of 


Does) coe e eg iene rye a 
of Haemophtlus of animal origin, four strains of H. 
tnfluensas, and one strain each of H. parainflueneas, 
H. parahaemolyticus and H. gallinarum. The cultures 
were streaked on test media and crossed with a smgle 
streak of the possible ‘feeder’. A good ‘feeder’ was 
found to be & pseudomonad isolated from an emperor 
pengum and obtained from Dr. L. A. Page. This 
bacterium grew well in a solution of histidine (200 
mgm. per cent), monobasic phosphate 
(20 mgm. per cent), mineral mix No. 49 (supplied 
by Dr. J. H - Hunter, Haskins Laboratories, New 

ork, and iron, manganese, zinc, cobalt, 
copper, vanadium and boron) (8 mgm. per cent) 
at pH 7-5 and 87° 0. When grown in such a medium, 
the organism secreted growth factors essential for 


penguin pesudomonad was grown in l litre of 
the above medium for 48 hr. After the cells had been 
removed by centrifugation, the supernatant was 
Seity-Altered and lyophilized. The dried material was 
redissolved in 10 mL of water and chromatographed, 
using ascending chromatography with a solvent 
system consisting of butanol, acetic acid, and water 
(4: 1:5). Two ultra-violet-absorbing spota were 
observed under iltumination with a ‘Mmeralight’ 
(2537 A) (Ultraviolet Products, Inc., South Pase- 
dena), of which one was much densar than the other. 
An additional spot was detected after spraymg with 
ninhydrin—probably histidine from the growth 
medium, as shown by a reference sample. 

The ultra-violet-absorbing material (HP) contained 
in the denser spot was eluted from the paper and 
added +o brain heart infusion agar. This medium 
could then support the growth of Hasmophili. HP 
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was further purified by repeated partition dn What- 
man No. (ee eae ee The 
solvents, used in sequence, were: monobesic Bodrum 
phosphate, 5 per cent; isopropanol, ethanol, and 
water in the ratio of 7:2:1; and tsepropanol and 
0-2 M ammonium hydroxide in the ratio of 3:1. 
Prior to use, the filter paper had been washed for 
24 br. in distilled water 

Purified BP had ultra-violet ion optima at 
265 and 275 my at pH 1-0 and 11-0, respectively. On 
hydrolysis, with 2 N hydrochloric acid at 115° C. for 
60 min., a carbohydrate was released which, in three 
different solvents, had the same Ry as ribose. HP 
was found to be free of phosphorus. In aqueous 
solution it could be heated at 100° C. for 30 min. and 
120° C. for 5 min. without substantial loss of activity ; 
heating at 120° O. for 10 min. resulted in complete 
inactivation. 

Species of Haemophilus require for growth either V 
factor—replaceable with diphosphopyridme nucleo- 
tide, or its nucleoside’—X factor—replaceable with 
hem, or both. Bince most of our animal strains 
which were stimulated by BP showed no hmm 
requirement, a relationship between HP and diphos- 
phopyridine nucleotide was suggested. BP, both 
before and after acid hydrolysis, had a different Rr 
value from niacin, niacinamide, niacinamide riboside, 

niacinamide mononucleotide, and diphosphopyridine 

nucleotide. It also differed from these m ultra-violet 

ion Infra-red absorption spectra do 

not exclude BP from being a derivative of niaom- 
amide 


EP oould be replaced as a growth factor for 

UPERENE by diphosphopyridine nucleotide and 
niacmamide mononucleotide but not by niacinamide, 

adenosine triphosphate or the producte of acid 
hydrolysis of ribo- or deoxyribo-nuoleic acids. Test 
organisms grew in brain heart infusion broth with 
either niacmamide mononucleotide or ospho- 
pyridine nucleotide in the concentration of 10y per 
cent, whereas BP was required at the concentration 
of 1,000y cent. While it is possible that this 

Erkagi p the true needs of the test species, the 
possibility of partial inactivation of the compound 
during the purification process cannot be disregarded. 
Dorfman e al‘, working with Shigella—which requires. 
nicotinio acid or niacmamuide for growth—showed. 
that N-substituents of niaomamide served as growth 
factors while substitution on the ring inactivated the 
molecule. In one case where qumolinic acid could be 
used to promote some growth, ite effectrve concen- 
tration was 1,000 times that of niacinamide. 

While the data on hand are msufficient to charac- 
terize HP completely, present mformation suggests 
that it might be a niacmamide ribogide with unknown 
substitutions. Ite implied biological significance 
would be consistent with such an interpretation. 
Work to elucidate further the structure and com- 
position of HP is in progregs. 

This work was supported in part by a U.S. Publio 
Health Service grant H-1726. 

Mosuy Serra 
Eenet L. Brsyesrem 
School of Vetermary Medicine, 
University of California, 
` Grassberger, B., J. Hyg. Infekt. Dis., 28, 453 (1807). 
* Lwoff, A., Ann. Inet, Pasteur, 61, 580 (1938). 
* Gmgrish, W., ae Mo J. Bad , £7, 635 (1944). 
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Antibotly Responses of the Domestic Fowl 
to Two Soluble Bacterial Antigens 


For some years now virologisis have recognixed 
the value of the domestic fowl as a means of obtaining 
high-titred antisera to viral and antigens. 
Bacteriologi and immunologists have almost 
invariably preferred the rabbit, consequently little 
information is available about the responses of fowls 
to soluble bacterial antigens. While investigating 
the immunological tolerance of diphtheria alam- 
precipitated toxoid in the domestic fowl! I had the 
opportunity of collecting a limited amount of informa- 
tion about the primary and antibody re- 
sponses of White Leghorn fowls to both tetanus alum- 
P itated toxoid (Wellcome series W68744) and 

i eria alum-precipitated toxoid (Welloome series 
BA6403.4); though only one dosage of each antigen 
was used, the results may be of value to other 
workers. 


Twenty birds between the ages of 10 and 14 months’ 


were used in the experiment. One group of ten was 
given a primary stimulus of 1-0 ml. diphtheria alum- 
precipitated toxoid (20L,) intramuscularly; the 
other received 1:0 ml. tetanus alum-precipitated 
toxoid (50L;) by a similar route. A sample of blood 
was taken from each bird immediately before primary 
ee a EA or 4-day intervals for 31 
days. A geoond dose (1-0 mL) of the respective 

antigens,was given intramuscularly 34 days after the 
last blepding (that is, 65 days after challenge). 
The fowls were bled immediately before this injection 
and then at intervals of 2 or 3 days for tho next 15 
i The sèrum was separated from these blood samples 
by centrifugation and the appropriate samples tested 
for their diphtheria antitoxin content (Romer and 
Sames", as modified by Glenny and Llewelyn- 

Jones"), or their tetanus antitoxin content‘. 

Fig. 1 shows the average primary and secondary 
antibody response of ten fowls to theria alam- 
precipitated toxoid. Antibody to this antigen was 
4 
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first detected 10 days after primary stimulation, 
reached a maximum in most cages on the fourteenth ° 
day and then gradually declined. secondary 
stimulation, antibody was always detectable after 
3 days and reached maximum concentration between, 
the eighth and thirteenth day, the tenth day after 
injection being the most usual. 

Fig. 2 shows the primary and secondary antibody 


usually reached until the seventeenth day. 
finding was general among the 3 

The individual maximum concentrations 
reached were 0-1 LU. diphtheria antitoxin and 3-0 Lv. 
tetanus antitoxin per ml. of serum during the primary 

nsa, and during the secondary response 5-0 LU. 
diphtheria antitoxin and 65 Lv. tetanus antitoxin. 
There waa, of course, considerable individual variation 
in the amounts of antibody produced, but, as can be 
sean, from the the antibody responses in these 
birds compare voueably with thea obtainable m 
the rabbit under similar conditions. 

A number of fowls were also injected with both 
antigens simultancously!, one: antigen being injected 
iis’ onih tog. Resulta similar to those described 
above were obtained and there was no evidence of 
any interference between the two antigens. 
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hear a great deal-these days about the need 
for more scientific and technological educatian, 
both to produce more scientists and technologista 
and to give the layman some idea of what they are 
doing; but the method adopted for this form of 
education is comparatively neglected. It seems to 
- be assumed by too many people that the present 
school courses are quite adequate and that it is 
simply a matter of pushing more people through 
them. A report* by Dr. Michael Bassey, on a survey 
he carried out recently on what some arta students 
at the University of London remembered and thought 
of the chemistry they had learned at school, strongly 
suggests that there is something seriously wrong with 
elementary school chemistry, as presented to the 
person who does not intend to do any more science in 
any event; and what is true of chemistry is probably 
true of the other sciences. 

One of Dr. Bassey’s questions was: “Which of 
air, water, Gig ol tod a le teat One aa 
five got the answer wrong. A few of them may have 
thought he was trying to find out if they knew the 
difference between elements, compounds and mix- 
‘tures ; even so, the proportion is far too high. All 
the people questioned had passed at leas chemistry 
in general science of the General Certificate of Educa- 
tion (Ordinary Level) and they were all university 
students. chemistry obviously cannot 
cover a great deal of ground, yeb surely it should 
manage to instil the basis of all chemistry, that is, 
the atomic theary. 

Since all the people who replied to the question- 
naire had passed some form of chemistry (Ordinary 
Level), their ignorance cannot be due simply to 
inattention. What, then, were they doing during 
the years they studied chemistry ? Another of Dr. 
Bassey’s questions provides the answer: Were you 
taught about aspirin, DDT, Lavoisier, phlogiston 
and the Law of Multiple Proportions? In Dr. 
. Bassey’s own, words: “Lavoisier came out top of the 
poll, phlogiston and the Law of Multiple Proportions 
shared the second place, and DDT and aspirin would 
have lost their deposits in a parliamentary election”. 
In fact, the teaching of elementary chemistry is 
appartihtly dominated by a historical approach which 
tends to exclude modern developments. 

It can, of course, be argued that in the short time 
available the historical approach will give the best 
understanding of the subject. The phlogiston theory 
is an excellent example of a hypothesis that fitted 
most of the facts available at the time. Lavoisier’s 
experiments are probably the most important series 
in thetwhole history of chemistry. The determination 
of the composition of water does illustrate the sort 
of approach that is used im all the sciences. But to 
grasp the significance of such things requires a great 
deal of background knowledge which the ordimary 
schoolboy is certain not to powes, and a feat of 

* Now Belontist, 7, 1504 (1900). 
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OR ATOMS? 


historical imagination of which he is most unlikely 
to be capable. If he does not grasp their significance 
he feels that they are irrelovant and dull. A young- 
ster who knows the formula of water is H,O is apt 
to be contemptuous of anyone who does not. 

What should elementary chemistry, or for that 
matter elementary science, try to do? Obviously it 
has to provide some sort of grounding : the scientific 
equivalenta of addition, subtraction, multiplication 
and division. It should also create interest, in the 
sense that even someone who only imtends to do 
science for a few years to pass the neceasary exam- 
inations should be able to see why others should 
want to devote mogt of their time to it. But it is 
essential that it should not create the hostility that 
comes from boredom, and bored most of the people 
who replied to Dr. Bassey’s questionnaire certainly 
seemed to have been. Most of them put this down 
to chemistry, as taught to them, being a lot of 

uninteresting facta, totally unrelated 
to everyday life. 

This is not really surprising when one considers 
the present syllabus. Its attempta to include every- 
day and commercial applications look as though they 
were put in fifty years ago, which they probably 
were. Washing soda! Bleaching powder! An 
obsolete process for manufacturing sulphurio acid ! 
Most of the important developments in chemistry 
in the past twenty years or so have come from 
the organic fleld—plastics, drugs, insecticides—yet 
organic chemistry does not even appear in the 
Ordinary Level syllabus. One needs a certain amount 
of basic knowledge before starting organic chemistry, 
of course, but thete might at least be some hint of 
the fact that carbon forms long chains and rings 
and that these are the basis of life. The real 
trouble with the historical approach is not that it 
is there, but that it seems to displace everything 
alse. 

The oriticiam that chemistry is taught as an un- 
connected series of facta is all the more regrettable, 
since it can be taught in a way that makes it a 
coherent body of knowledge, developing logically 
from a few basio ideas, leading straight to many 


chemistry and physiœ. The way is simply to start 
with the atom. The structure of the atom leads 
naturally to the periodic claasification of the elementa, 
and here some properties of the elements can be 
introduced not as isolated facts but to show how the 
elements are related to one another. Valency follows 
from atomic structure. Ionization, crystals, states of 
matter, can all be dealt with in terms of the atom. 
In fact, the whole subject can be brought together, 
and at each point items of everyday and topical 
interest can be introduced—the new metals, atomic 
energy, rockot Moln--thinga that stimulate interest 
instead of: killing it. 
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_ The atomic theory oan be expressed quite easily 
in simple terms; so there is really no justification 
for saying that it is too advanced to be understood 
by ghild in their early teens. After all, the study 
of électrictty ‘nearly always begins with electrogtatic 
attraction. The force that attracts the electrons to 
the nucleus can be demonstrated with a fountain pen 
rubbed on the sleeve and a bit of paper. There is the 
analogy with the solar system, and atomic structure 
lends iteelf very well to demonstration by diagrams 
and models. It is certainly a good deal easier to 
understand the elementary theory of the atom than 
to grasp the significance of the phlogiston theory. 

Dr. Bagesy’s questionnaire was sent to arts 
students ; but these arguments apply equally well in 
the case of people who intend to specialize in science. 
The fact that they have an interest in science is no 
excuse for a boring syllabus. The defects in school 
chemistry are particularly obvious at the elementary 
stage, but they persist right through the school. Is 
there any real justification for the amouns of time 
devoted to the extraction of metals at General 
Certifloate: of Education (Advanced Level), for 
example ? A good deal of irrelevant material could 
probably be found in university courses as well. . 

The teachers cannot be blamed for this state of 
affairs, although most people are reluctant to change 
a woll-establiahed routine, since they have to prepare 
their pupils for examinations based on an out-of-date 
syllabus. But they are on the com- 
mittees that decide what shall be included, so they 
do have an opportunity to try to improve things. 
Books, too, tend to be written around a syllabus. 
In fact, there are a lot of vestéd interests that will 
probably oppose any far-reaching changes, and far- 
reaching changes are certamly due. 

Every yeer there is more and more to be learned ; 
if the new things are not to be neglected, as they 
tend to be at present, a continuing review of exam- 
ination syllabuses will be necessary, to prune aff 
things that have lost their importance. If no pruning 
is done the syllabus will grow so fast that it will 
soon become quite unrealistic. The historical approech 
should not be dropped automatically ; in many cases 
ib may be very suitable, bub the question, “What 
is the best approach ?”, should always be asked before 
any approach is adopted. 


LAND USE AND THE CYPRUS 
PROBLEM 


The Evolution of the Rural Land Use Pattern In 

Cyprus ' 
By Dr. Domornous Christodoulou. With Land Use 
Map, 1 : 253,440, prepared by R. R. Rawson and 
Dr. K. R. Sealy. (The World Land Use Survey— 
Regional Monograph No. 2.) Pp. vi+280. (Bude, 
Cornwall: Geograp bey chide Ltd. ; London : 
Ed. Stanford, Ltd., 1959.) 285s. 


OLLOWING the success of Dr. *s mono- 
graph on “Land Use in Hong Kong” (1958), the 
World Land Use Survey, under Prof. Dudley Stamp’s 
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direction, has produced a valuable, and topical, 
explanatory account of the land use problem im 
Cyprus. This publication contains what are, in 
effect, two separate though complementary studies 
married together by careful editing. 

One of these studies, the “Land Utilisation Map of 
Cyprus”, on a scoale of approximately 1 : 250,000, 
was first published in 1056, but it is a great conven- 
ience to have it for reference alongside Dr. 
Christodoulou’, monograph. The map itself wea 

from gone 10,000 air photographs by a 
team of workers at thé Londin School of Koonomice 
directed by Mr. RR. Rawson and Dr. K. R. Sealy 
and records ‘nine categories of use. 

Dr. Christodoulou’s study reflects, in ite form of 
publication,. the earlier publications -of the Land 
Utilization of Britain; in ita methods, the author's 
geogra phioal training in Britain at Southampton and 
at the London School of Economics; and in = 

and spirit of the writing, his own | 
perience in the country of his birth, of whi 
is now land consolidation officer. More recently 
he has become chairman of a Food and 
Organization working perty on the problems of 
administration of publio and common grazing lands 
in southern Europe, and readers of his study of 
Cyprus will await his report with more than usual 
interest. 

Though the third largest island m the Moditer- 

ranean, Cyprus is no bigger than two English counties, 
gush as Norfolk and Bevo The land, and its water 
supplies, remain the maim natural resources, largely 
supporting & population of 550,000, now increasing at 
a rate of 1:5 per cent per annum. Marked regional 
contrasta exist in the degree to which population 
presses upon land, but overall the mounting popula- 
ion 


the island’s social, eoonomio and political life. On 
the whole, society remains close to the land: sbout 
half the adult population is engaged primarily in 


farming. 

The land-use pattern is a varied and complex ons. 
Cyprus presents an unusual variety of cultivations 
and crops, with repid variations occurring withm a 
small compass. The complex situation is analysed 
carefully by a systematic treatment of the principal 
crop and land-use distributions, by a discussion of the 


tion, region by region, of land use characteristics. 

Dr. Christodoulou’s saseasment of the physical 
conditions affecting crop production, based upon a 
nine-fold regional division of land-forms, is straight- 
forward and clear. Climate is given special 
attention in view of the importance of water to the 
life of this thirsty island. The fundamental signifi- 
canoe of winter rainfall, and the adjustment to it of 
the life-cycle of vegetation and the pattern of human 
endeavour, are forcefully driven home. The sad 
record of recurring droughta arising from rainfall 
variability is long, and a critical treatment is given of 
schemes to conserve and utilize “the most precious 
resource” of the island. 

But the diverse pattern of village and farm bears 
also the meradicable marks of centuries of human 
labour. Christodoulou shows that, in the final 
analysis, it is the human or institutional problems, 
rather than the physical conditions, that provide the 
most stubborn probleme of land use. His chapters 
on these ptoblama form the most interesting 
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and original parte of the book, for in them Dr. 
Christodoulou’s own personal feeling for the land and 
Ha Seat at clearly revealed. 

gap between available scientific knowledge 
and the archaic practices of the mass of peasant 
farmers is seen to be at the core of the problem : 
technioal education has scarcely begun to narrow the 
gap while, so long as agriculture remains the least 
remunerative occupation, there is little prospect of 
ite. abtracting technically efficient and receptive 
farmers. Farming problems of to-day bear the burden 
of a complicated situation of land tenure, the ante- 
cedents of which are, in summary, unravelled. 
Christodoulou feels that much of “the malaise of the 
rural areas and a serious obstacle to modern agri- 
cultural techniques stem from the size and fragmen- 
tation of peasant holdings”. Holdings are fragmented, 
plote dispersed and the pattern of ownership diffuse. 
The financial misfortunes of the Cyprus peasant are 
not overlooked, and, even if times are better than they 
were, capital is scarce, returns small and rural 
indebtedness is a continuing source of rural debilita- 
tion. Unfortunately, the section on the internal 
market is short, so in the absence of 
detailed studies, and the impact of town growth on 
the countryside, though many times suggested, is not 
separately considered. But there is an excellent 
acoount of the evolution and characteristics of the 
farm and of the main types of farm dwelling. 

Dr. Christodoulou’s work is critical and firmly 
“based both an field work and on relevant British, 
Greek and Turkish sources. He is understandably 
cautious about the future. While not neglecting the 
many valuable contributions already made, he clearly 
feels that reorganization of the whole agrarian 
pattern is essential and that careful planning, based 


Problems of land use are fundamental to the social, 
economic and political issues that beset this troubled 
island. It is a sad commentary that it is only in the 
closing days of British administration that such a 
study, and this from a private source, should become 
available. Christodoulou’s work should quicken 
attention not only to these issues in Cyprus but also 
to the study of the use of land m other territories for 
which responsibility still lies in Britain. 

M. J. Wiss 


SUBMARINE GEOLOGY 


The Earth beneath the Sea 
By Prof. Francis P. Shepard. Pp. xii+275. (Balti- 
more, Md.: The Johns Hopkins Presa, 1959.) 5 
dollars. 
F. SHEPARD has made a lifelong study of 
submarine geology, but it is & rapidly advancing 
subject and he says he has obtamed most of his 
education since he received his doctor’s degree. He 
published his last book on submarine geology twelve 
years ago. It did not mention turbidity currents and 


charge down continental slopes at the speed of 
express trains and carry silt hundreds of miles across 
the ocean floor. The book has much else that is new, 
largely in physical and geophysical treatment but also 


ledge of geology or physical geography would be a help. 
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The author shows how every bit of the ocean floor 
from the shore lines to the greatest depth is likely to 
be influenced by currents, tides or some kind of 
oscillation, and deals successively with the beaches, 
continental shelves, slopes and the deep ocean floor. 
He maintains that the action of a lowered sea-level | 

ing glacial times was mainly responsible for the 
shelves, and that the canyons were cut ab such times, 
or during iods of coastal elevation, and worked 
nowadays turbidity currents. He is rather soep- 
tical whether the trench of the mid-Atlantic ridge is 
as long and continuous a feature as recently claimed. 
In explaining flat-topped seamounts he favours the 
subsidence hypothesis, and that coral reefs oocur 
where favourable growth conditions allowed the coral 
to keep pace with subsidence. He deals briefty with 
investigations using acoustic, seismic, gravity and 
heat-flow techniques and feels that the work is m too 
early a stage to allow much more than speculation 
about events below the ocean bottom. 

When. dealing with ripple marks, grading of sedi- 
mente and other characteristics that have been used 
to date the past, he shows how many ideas have to be 
changed now that actual observations of what con- 
ditions tre like on the sea bed have been made, and 
notes that we have been too much influenced by 


MINOR ELEMENTS IN SOILS 


The Geochemlstry of Rare and Dispersed Chemical 
Elements In Solls 
By A. P. Vinogradov. Second edition, revised and 
Translated from the Russian. Pp. ii+200. 
(New York : Consultanta Bureau, Inc.; London: 
Chapman and Hall, Ltd., 1059.) 9.50 dollars ; 
80s. net. 


HE behaviour of minor elementa during the 


Elements in Soils”, now in ite eae edition. The 


author assumes a sound knowledge o f geochemistry 
and , thereby limiting the use of the book to 
emists and soil scientiste. ` 


Chater D on aara Geoainiaal Beyalastiias? 
gives an outline of the various factors which oontrol 
the distribution of elements in the zone of weathering. 
The following are briefty discussed: ionic radii,’ 
electromotive seriea, sarptive properties, ionic poten- 
tial, pH, oxidation-reduction potentials, eto. 

The major part of the book desaribes the distribu- 
tion of the elements boron, fluorine, bromine, iodine, 


manganese, nickel, cobalt, 
fos) , xine, cadmium, lead and molybdenum in soil 
profiles which are developed over the sedimentary 
rocks of the eastern European plain. The soil types 
dealt with are tundra, podzol, grey forest, chernozem, 
chestnut, desert serozem, brown soils, and red earths. 
Comparisons are frequently made with data from 
similar profiles described in non-Russian literature. 

A few generalizations concerning the element under 
discussion are made at the beginning of each chapter. 
These are followed by a description of its content 
in profiles from the various aoil-types. Fmally, 


630 
conclusions of the behaviour of the element within the 
soil are grven. Frequently these conclusions are not 
supported by the data quoted; 
Chapter 6 it is stated ‘in the majority of cases a 
tendency toward sn morease in the content of 
fluorine in the subsoil was noted”. However, in only 
two of the nineteen profiles presented (Table 20) is 
there an increase of fluorine in the subsoil. In the re- 
mainmg seventeen examples quoted there is a decrease. 

The behaviour of the elements tin, tungsten, 
radium, uranium, thorium, ionium, beryllium, scan- 
dium, gallium, indium, thallium, germanium, niobium, 
tantalum, antimony, bismuth, mercury, rhenium, 
gold, silver, platmum, tellurium and hafnium is 
briefly mentioned without introducing new data. 
A comprehensive bibliography contams 560 refer- 
ences, including many non-Russian papers. 

Poor editing in the original Ruagian edition of the 
book 18 reflected m the English translation. Numerous 
errors appear in both the text and tables. Data have 
not been uniformly presented in some tables and often 
the unite used are not clearly stated. The text on p. 
170 should follow that on p. 167. 

Despite the many editmg errors, the extensive 
tables should prove useful sources of mformation on 
the normal contents of the minor elements in soils 
of the xonal types considered. A. H. Dapwam 


NUCLEAR RESEARCH IN THE 
U.S.S.R. 


Atomic Energy In the Soviet Union 
By Arnold Kramish. Pp. x+232. (Stanford, Calif. : 
Stanford Unrversity Press; London: Oxford Uni- 
‘versity Prees, 1060.) 27s. 6d. net. 
HIS book by Arnold Kramish performs a most 
useful task in a thoroughly interesting fashion. 
The writer traces the published evidence of Soviet 
activity in the field of nuclear studies smece before the 
War, and indeed he pays rather special attention to 
the im t time of development in the early part of 
the 1930—40 decade. With some heartation in the mid- 
war years only, he is able to establish a i 
and breadth of Soviet effort in the field that is 
altogether impreasive. Many scientista who have 


neglected until recently the original Soviet publica- 


tions will find the volume a considerable help in 
tracing some of the important landmarks in Soviet 
achievement in this fleld during the past thirty years. 

During this time, as the author demonstrates, 
there have been many vagaries in the policy of the 
Soviet Union regarding the extent to which lisity 
has been given to particular advances. The book 
removes much of this difficulty, and the picture that 
emerges is one of almost uninterrupted preasure on 
the large number of well-trained scientists and 
engineers to make full use of the generous provision 
of support in both money and materials. As i o 
‘author pomts out, our picture is still fat from complete 
because of the secrecy that still surrounds many of 
the ventures. He points to interesting differences in 
approach to certain topics for example to the subject 
of controlled thermonuclear research. It ‘appears 
to be the policy to be frank in those areas where 
really fundamental difficulties are present and so to 
encourage help to come from any possible source. It 
is no doubt rewarding to ponder on some of these 
besic differences in approach. x 
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If one has to make any general conclusion from the 
study it 18 probably that achievement by soientista 
and engineers in the Soviet Union, the United States, 
and Great Britam is more or leas proportional to the 
support afforded and relatively independent of the 
political background, provided that ongimal thinking 
or inventiveness is enoo 

The style of the author is lively and fresh, and the 
book is very easily digested by those with some 
background knowledge of modern physi and 
atomic energy. Its value to scientiste, engineers and 
administrators ıs obvious, and it can be highly 
commended. The price is relatively modest at 
278s. 6d., and the volume does not suffer from the 
absence of illustrations. 8. C. CURRAN 


PHYSIOLOGY OF MARINE ANIMALS 


The Biol of Marine Antmals 
By J. A. Colm Nicol. Pp. xi + 707. (London: Sir 
Isaac Pitman and Sons, Ltd, 1960.) 98s. net. 
those, of whom I am one, who for the past 
generation and more have worked in the field of 
comparative physiology of marie animals, this book 
comes as a revelation of the extent of achievement 
during this period. Very few of the 1,700 odd refer- 
ences to literature which are among the many virtues 
of this volume deal with pepers earlier than the mid- 
twenties. It was in that earlier post-war period tha? 
the attention of marme biologists began to turn from 
deserrption, of structure or of life-history, to analysis 
of function and to the elucidation of physiological 
as well as of morphological adaptation. Increased 
eve of marine envrronmenta went hand in 
hand with greater understanding of the internal fluid 
medium in animals and of how blems of osmo- 
regulation had been solved. extended. 
from. the properties of vertebrate hæmoglobin to those 
of hemocyanin and of other invertebrate iratory 
pigments, as well as to the wider general problems of 
animal pigments so wonderfully displayed in many 
marine animals. Then also knowledge of the com- 
exities of the mechaniams of sensation and response 
Bacar ade BEE oe aie a o aaa 
behaviour of marine mvertebrates and fishes aa well 
as of the nature of nervous and hormonal control 
particularly in fishes, cephalopods and crustaceans. 
In this impressive volume of 700 pages, Dr. Niool 
summarizes the results of these investigations, to 
which he bas himself made very significant contribu- 
tions. It is 6 major work of synthesis; rb may well 
be the last timme that anyone will single- 
handed to pover so wide a fleld, in any event with that 
meticulous reference to the sources of knowledge here 
vided. It does not seem. that this book could have 
been done barter. It has been, one knew, years in 
preparation by an author living in the very atmo- 
sphere of marine biological research. It would 
appear, judgmg from the date of the introduction, to 
have been four years in process of publication. Bo, 
like all such books, it is a little out of date, a matter, 
however, that will only be apparent to active research 


` workers and then only withm their speciality. 


Exception might be taken to the title, but then few 
people would agree about what procivaly. is meant by 
biology. Here ıt covers physiology, extending from 
body fiuids to luminescence (on which the author 
writes with particular authority), but with final 
chapters on “Associations: Commensalism, Para- 


No. 4738 August 20, 1960 


sitiam and Symbiosis” and “Skeletons, Shelters and 


a ion, which one feels should be covered in 
dealing with biology. Dr. Nicol might 
Mave been barter atcined £o-renteiat’ hiroa 40" hia 
purely physiological chapters—with suitable change 
in title—because the final two chapters covering 
reich wider, leas-analysed flelds are inevitably more 
condensed and leas critical. 
These, however, are very minor oriticisms of a book 
that brings many into Dr. Nicol’s debt. It is 
some 800 figures 


price. Was it, one may reasonably ask, really neces- 
gary to charge almost £5 for a book that should 
find a place im the library of every university and 
pani anges exon peo ia Mere sige dees 
BOE PESO eae ee 
animals ? C. M. Yonas 


A NEW STUDY OF THE BRITISH 
ODONATA: 
D onflles 


S. Corbet, Cynthia Longfield and N. W. 
Moore. (The New Naturalist : a Survey of British 
Natural History.) Pp. see gs ka! ia 


William Collins, Sons and Co., Ltd., 1960.) 42s. 
net. 


ITH just over forty species of dragonflies 

recorded from the British Isles, one might at 
first question the necessity for another book on these 
insects, since for the purposes of identifloation the 
subject has already been dealt with in two recent 
publications. The t volume in the “New 
Naturalist” series is, , intended more for the 
naturalist than for the collector and may be con- 
sidered rather as supplementary to Tillyard’s claasio, 
“The Biology of Dragonflies,” in which the external 
and internal morphology of the Odonata was dealt 
with in great detail, but classification, distribution, 
fossil history, bionomics, eto., anly occupied about 
one-third of the book. As in other volumes of the 
‘New Naturalist” series, this book is an Indication of 
the changed attitude of the naturalist, with the 
emphasis on the living insect and its behaviour rather 
than on dissection museum study. 

Three of ita fourteen chapters deal with the oom- 
position of the British dragonfly fama, ite history 
and distribution, and four are devoted to the life- 
history of the various stages. The behaviour of the 
adult , dispersal and seasonal regulation in 
are the titles of other chapters, and the 
fe itor: ok tho order and ths tales lect ine 
of dragonflies and other animals (imoluding man) are 
` discussed. Various appendixes include a key to the 
larves of the British ies, @ survey of the wing 
venation andyita terminology, methods of 
colours of dragonflies and of marking dragonflies for 
behaviour studies. 


specialista 
study of Odonata. Dr. P. 8. Corbet made a three- 
year investigation mto various aspect- of the life- 
hintaey OF deanenflien tha mibien of a these fos his 


NATURE 
t Ph.D. degree. Miss C. Longfield worked for thirty 


631 


years as an honorary associate in the Department of 
OET, British Museum (Natural ee 
where she identified and described dragonflies from 
many parts of the world, including material collected 
on her own expeditions abroad. Dr. N. W. Moore 
ga ap cil ee gO ES acter Deharit! 
of adult dragonflies the basis of his Ph.D. degree, and 
has also studied Odonata in the field in Gambia. 
These three authors, each being responsible for 
different sections of the book, have succeeded in 
welding their contributions into a homogeneous and 
very readable whole, without suppressing too muoh of 
their individual stylea and personalities. Much of the 
information in the chapters on life-history and 
behaviour is based on the authors’ personal studies, 
and the occasional use of the first person si 
gives life to their accounta and prevents them from 
appearing too formal to the reader. Tho 
ee eS ee A. E. Gardner's keys 
to the larve of British dragonflies, with his own 
illustrations, Se a valuable addition to the book 
These keys origmally appeared in an entomological 
journal, and their reprinting here will introduce them 
wariy blic. 
ction is entirely up to the standard of the 
peeves volana acd the wick @ telly AERA 
with plates in both colour and in monochrome and 
with some line drawings. The line drawings in the 
on behaviour are an excellent example of how 
to use bold, sim ee ata There are many colour 
plates, most of them reproduced from very fine 
transparencies taken by Mr. 8. Beaufoy 
These were mostly taken under controlled artificial 
light conditions and are in a sense studio portraits 
of the living insecte. By this means a more uniform 
colour balance has been obtained, and the background 
can be chosen to suit the subject. All these colour 
plates are reproduced at natural size, and while this is 


reproduction. This is particularly noticeable where, 
as in one or two illustrations in the review copy, 
one of the colour impressions is slightly out of register. 
One realizes that to have reproduced the smaller 
species on a larger scale would have entailed more 
colour plates and an increase in cost. 

As & whole, this is a most interesting book and one 
whioh should prove extremely useful not only to 
students of dragonflies but also to field naturalists and 
ee ee a ee ne 
state of our knowledge of the British Odonata but 
also ahows in what directions further research is 
needed. D. E. Krss 


GROWTH AND FORM IN AN 
INSECT 


The Control of Growth and Form 
A Study of the Epidermal Cell in an Insect. 


Prof. V. B. Wigglesworth. Pp. vi+140. (Ithaca, 
New York: Cornell Uni ; 


Wigghaworth delivered to a general audience at 
Cornell University in 1958, displays the epidermal 
cell of an insect as a convenient for the 
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study of the principles of the control of growth and 
form. The author pointe out that this limitation of 
the fleld of study has both advan and disadvan- 
tages, but the fact that the insect selected is Rhodnius 
prolixus, of which Prof. Wigglesworth has such 

and extensive knowledge, does much to outwelg. 
the disadvantages. 

Taking the view that there is much to be said for 
starting with specialized parte of a complex animal, 
rather than with a “simple” animal, Prof. Wiggles- 
worth gives a brief degoriptian of the complex activit- 
iea of the epidermal cells in producing the cuticle and 
later hardening it. He goea on to consider the ial 
cells which become differentiated from the edan 
in the larva of Rhodnius and give rise either to dermal 
glands or senmlla, and pute forward the attractive 
hypothesis that the fate of the special cells is determ- 
ined by the concentration of some essential chemical 
constituent m the epiderms. An PRTA cell 
which receives an appropriate amount of the eesential 
factor develops into a sensillum, and one receiving 
a smaller amount into a dermal gland. The active 
cell first acquirmg an effective concentration of 
the easential factor becomes dominant and by 
withdrawing the essential factor from ita neigh- 
bourhood inhibits the development of other sensilla 
around it. Dermal glands may appear, however, 
suggesting that they need a lower concentration of 
the eesential factor for their development, a view 
supported by their closer spacing 

Emphasizing that rt is the capacity of the epidermal 
cells to produce cuticles of different types at different 
stages of the life-cycle which forms the basis of meta- 
morphosis, Prof. Wigglesworth then discusses the 
hormones which initiate cuticle development and 
control ita form. The epidermal cell possesses dual 
potentialities, and produces larval or adult cuticle 

to its hormonal environment. It is stimu- 
lated to produce cuticle by the growth hormone, which 
is envisaged as controlling the synthesizing power of 


the oell by regulating permeability or transport. The 
juvenile hormone inhibite differentiation towards 


the adult by accelerating the production of the cuticle, 
and, since growth oeases when. cuticle secretion begins, 
so limiting the period during which the epidermis can, 
grow and produce a changed body form. Only in the 
absence of the juvenile hormone can the epidermal 
cell realize its latent potentiality of laying down 
cuticle of adult form. Metamorphosis and poly- 
morphism are then disoussed in terms of hormonal 
balance. 

The final chapter deals with the mtegration of 
growth. The idea that tissue and body fluids convey 
chemical information on the activity of oells and 
tissues, so that the activity of one cell is reflected in 
an environmental which regulates the activity 
of another cell, leads to the suggestion that the means 
of integration are present in form in the 
epidermal cell and are not restricted to the specialized 
tissues involved in nervous conduction and hormone 
secretion. 

The labours of many suthors over the past twenty 
years and more have given us much information on 
. the cuticle of insects, and caused us to have, like 
Prof. Wigglesworth, a profound respect for the 
epidermal ocell which produces such & complex 
structure. It is refreshing now to have the cell itself 
considered against the wider background of the 
control of growth and form. Not only insect physiolo- 
gista but also biologists generally will be grateful to 
Prof. Wigglesworth for this book. R. DENNELL 
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INTERNATIONAL CYTOLOGY 


International Review of Cytology 

Vol. 8. Edited by G. H. Byumeand J. F. Damelli. 
Pp. x+6541. (New York: Academic Presas, Inc. ; 
London: Academic Prees, Inc. (London), Ltd., 
1959.) 13 dollars. 


HIS volume contains the useful address given to 
a plenary session of the International Congress. 
for Cell Biology in September, 1957, by the veteran 
French oytologist, Charles Oberlmg, who has recently 
died. Besides Oberlmg on the structure of the cyto- 
plasm, there are fourteen other contributors. Teachers 
of general zoology will be interested in the papers by 
Milton Fingerman (physiology of chromatophores) 
and C. F. Ehret and H. L. Powers (cell surface of 
Porameovwm). Cell physiologists will note the work of 
D. B. Roodyn (metabolo studies on isolated nuclei), 
D. A. T. Dick (osmotic properties of living cells), H. 
Holter (pinocytosis) and I. M. Glynn (sodium and 
potassium movements in nerve muscle and red cells). 
Histologists will be helped by reading the papers by 
Leah Lowenstem (mammalian reticulocyte), David 
Hall (fibrous components of connective tissue, with 
special reference to elastic fibre), J. B. Bridges 
(experimental heterotopic ossification) and E. de 
Robertis (submicroscopic morphology of the synapse). 
In addition R. D. Preston hag considered the wall . 
organization m plant cells, and Bert Valles and 
Frederic Hoch have a paper on trace elements in® 
cellular function. The various authors come from 
France, the United States, Denmark, Argentina, 
Great Britain and Ireland. Tt is, of course, an honour 
to have a paper accepted for this splendid pere, 
and the present contributions are correspondingly 
valuable. 

Some of the papers, such as those of Roodyn, Dick 
and Glynn, are very complicated and hard going. 
Where possible the authors have discussed the electron 
microscopy of ther fleld. The work of Ehret and 
Powers, which recalls that of Sedar, Porter, Manton 
and Roth, remmds us that morphological protistol 
is being re-written by electron microscopista. I 
his essay, Oberling touched on the pest ana looked 
to the future. He mentioned the dismissal in past 
times as artefacts of all granular, reticular and 
spongy structures in the cytoplaam, which had led to 
so much controversy. He wrote: “My generation has 
lived through this period, and those who in spite of 
their disappointments have remained morphologists, 
suffered a good deal”. He attributes the past oon- 
fumon to the physicochemists. This is only partly 
true. Up to very recent times the cytologiste them- 
selves provided mogt of the ground for controversy. 
In 1927-28 Covell and Scott stated that the Go 
apparatus of neurones waa formed of neutral 
staining droplets, a view supported by E. V. Cowdry 
m his widely used “Text Book of Histology” (1938) ; 
and in 1949, Palade and Claude considered that the-. 
Golg. apparatus was formed of myelin droplets, 
which were supposed to be something different from 
the germ cell dictyosome (Golgi body). These papers 
emanated from the Rockefeller Laboratory, and the 
basic views they advocated were unsound. It mw 
scarcely necessary in Britain to recall the confusion of 
views at the Royal Microscopical Society's symposium 
on the Golgi apparatus in 1955. 

The position to-day is that, leaving aside argasto- 
plasm (and } laatids), there are three recognized and 
separate ‘large’ extra-nuclear cell motumons—Golgi 
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apparatus, mitochondria and centriole. The latter 
ia æ short tube with nine spaced fibrils embedded in 
ita wall. The mitochondria consist of a matrm gur- 
rounded by a double membrane, the Inner infolded at 
intervals. The reasons for, and function of, these two 
membranes are unknown. The mitochondria can 
divide by binary or multiple fission (en rosace). The 
Golgi apparatus, which also can divide and grow, 
consists of a dictyosome or aggregated group of 
dictyosomes formed. of layers of oval or rectangular 
collapsed saccules or membranes, piled up usually 
closely to form a polarized lozenge-ahaped body, in 
the hollowed base of which a secretion globule may 
appear, Watery vacuoles, either peripheral or basal 
or both, almost always become associated with the 
membranes, and chaing of such covered vacuoles 
constitute the canals of Cajal of neurones. Bo universal 
‘ap the dictyosome m its similarity that only a 
specialist could express an opinion es to whether a 
given electron micrograph of a Golgi body belonged 
to Nemobius, Homo, Ohromulina or Here is a 
universal cell device (or apparatus), vaguely con- 
sidered as a filter or secretory body, the manner of 
fanstioning of which also is unknown. The under- 
standing of this universally simular morphology of the 
Golgi apparatus is one of the two great basic 
discoveries due to electron microscopy. The other 
basio discovery is the ing of the univer- 
sality of the 9+1 fibrils in cilia and flagella, a truly 
ə As to the future, Charles Oberling wrote: ‘Each 
of magnification needs its mode of preservation 
(of the cella), and I am afraid that it is this prerequisite 
and not the magnifying power of electron or proton 
microscopy which will prevent us for the time being, 
from filling the gap between morphology and 
chemistry. But let us enjoy the tremendous oppor- 
tunities withm our reach of rich harveste and exorting 
discoveries for generations of workers”. 
J. BRONTË GATENBY 


MEDICINE AS A SOCIAL 
SCIENCE 


Mirage of Health 

Utopias, Progress and Biological Change. By Dr. 
René Dubos: (World Perspectives, Vol. 18.) Pp. 231. 
(London : George Allen and Unwin, Ltd., 1960.) 21s. 
net 


HE increasing use of insecticides with their 
striking and eometimes frightening effecta, our 
recent e ience of myxomatosis as well as other odd 
changes m some bird and animal populations, have 
made most of us aware of the importance of ‘animal’ 
ecology. However, the notion of a ‘human’ ecology 
—a study of the balance between environment and 
: human populations—is much less widespread. But 
the subject is certainly no less complex, and it may 
be a good deal more exciting 1f only because the so- 
called natural balance of things has for ages been 
knocked about by the whims and fancies of man. His 
growing ability to control his own destiny and the 
mmphoations of this control are the broad subject of 
this book. 

One of the whims and fancies which man has 
cherished down the ages m all societies is that perfect 
health and happiness are just around the corner. 
But a hfe free fram pathogens, like the two-car 
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Utopia for which we strive, has its snags, and is 
probably undesirable as well as impractical. It 
seems soarcely necessary to say that we know very 
little about even our major diseases. For example, 
all infections do not mean clinical illness ; some of us 
with severely damaged arteries do not die of coronary 
occlusion, and disorganized and cancerous cella have 
an inexplicable way of disappearing from some 
patients. Illustrations such as these merely serve to 
underline the complexity of the interrelated causes 
of disease—the ecological system in which we live. 
They provide addrtional reasons, if any were needed, 
for throwing overboard the cosy doctrine of specific 
astiology and prompt us yet again to reflect upon the 
wider repercussions of our attack upon disease. 

That we live within these finely balanced systems 
has been recognized for many years and by many 
writere—ite importance for cognitive psychology was 
emphasized by the Gestalé theorists of the ‘thirties and 
for social mediome by Ryle and others in the late 
‘forties. René Dubos in 1960 has brought together a 
mass of historical, sociological and biological facts 
which constitute a fascinating and popular account 
of this human ecology, an acoount which is both 
exciting and provocative. 

The World Perspective Series seeks “to reveal 
basic new trends in modern civilization, . .. and to 
point to the new consciousness which can contribute 
to a deeper understanding of the interrelation of 
man and the universe, the individual and society, and 
of the values shared by all people’. These are high 
hopes and must be difficult of attainment. Dr. Dubos 
does not attampt anything so , but in & 
quiet way he reaches at least one of these ill-phrased 
objectives. He traces first the notions of an earthly 
paradise—of health and happinesa—through historical 
times to the present day and shows how we have 
developed a touching and altogether unwarranted faith 
in laboratory science alone. That man can become 
completely healthy by the simple process of spending 
money on research is believed by most Americans 
and many Europeans. ‘Health is purchasable’ say 
the doctors, and the National Institutes of Health are 
embarrassed by the amount of research money which 
they control. Dr. Dubos emphasizes the contrast 
between these simple half-truths and the reluctance of 
Western people to alter ways of life along the lines 
advocated by the very research workers whose studies 
they have maored. As a result, the pattems 
change and there is less typhoid and cholera, but at 
the same time mental disease and heart disease, 
to say ae of motor-vehicle accidents, are 
already taking their places aa the epidemics of the 
future. 

After describing biological and social adaptation in 
various species and communities, the author is m a 
position to guess at some of the ‘risks’ which might 
attend perfect health. Among these risks he sees a 
decline in our ability to resist biological stress. In 
short, he feels that were man ever to achieve ‘heelthi- 
ness’, he might well be hke so many laboratory 
animals, in danger of the etiolation which comes from 
an unchallenged existence. 

The three related themes of danger—from the - 
decline in the importance of biological selection, from 
the rising power of man to control hia own destmy, 
and from the of disease—thread 
fagcinatmgly through the rest of the book.’ The 
Plague, Darwin, Pasteur, Dr. Snow and cholera, 
the Irish famine, the concentratian camps in Germany 
and the contributions of Greek medicine, are all used 
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obanging social and biological environment. Dr. 
Dubos ends with a summary word of caution: the 
creation. of a self-chosen pattern of life remains a 
gamble; Nature will strike back. ‘It is,” as he says, 
“always riaky to tamper with the natural balance of 
forces in nature.” i 7 

One might reply : “Of course it is, but that is how 
wo learn”. But Dr. Dubos’ book is much more than a 
plea for paution in our asty slap-dash thinking 
about It is a learned, well-written and 
delightful. introduction to medicine as a social 
science, It must be read icularly by the new 
generation of doctors, the human Laie as yet 
unencumbered by the pile of facts and loose thinking 
that is curative medicine to-day. 

. `- E. Mauros Bacxerr 


SOME ASPECTS OF 
ATHEROSCLEROSIS 


Hormones and Atherosclerosis 

of the Conference held in Brighton, 
Gregory Pincus. 

Pp. xvi+484. (New York: Academic Press, Ino. ; 

London: Academic Pres, Inc. (London), Ltd., 

1959.) 13.50 dollars. 


Connective Tissue, Thrombosis, and Atherosclerosis 

of a Conference held at Prmoeton, N.J., 
May 12-14, 1958. Edited by Irvine H. Page. Pp. 
x+816. (New York : Academic Prees, Ino. ; London: 


Academic -Press, Ino. (London), Ltd., 1959.) 9.50 
~ dollars. 


HE proceedings of these Conferences are com- 
plementary to one another and contain aver 
worthwhile cross-section of much experimental 
in the field of atherosclerosis. 
“Hormones and Atherosolerosis” has a collection of 
devoted to various endocrine influences m 
animals and in 


$ Sed i and thaw are followed by an CARO 
tative account of cholesterol degradation to bile acids 
The 


metabolism in different species. In the early part of 
the book the emphasis is on the effects of the thyroid 
hormones on cholesterol biosynthesis, turnover and 
concentration in different tissues, by Gould, Milch, 


including 
side-effects of steroids in man 
and a series of essays on the possible usefulness of 


cestrogens as cholesterol depressants in man by 
Oliver, Katz, Robinson and Marmorston. The influen- 


Furman. R 
“Connective _ Tissue, Thrombosis, and Athero- 


of connective timsues 
chemistry of connective tissue receives & brief but 
stimulating treatment by Jackson. | 
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The role of elastio tiup in atherosclerosis ‘is 


Meyer and his colleagues. Some of the metabolic 
activities of fibroblasts sa studied by the implanted 
sponge method are reviewed by Noble and her 


associates. 
Blood coagulation, fibrinolysis and the countless - 


contributions on the macromolecular beais of collagen-. 


structure by Schmidt and Glimcher. |} 

Taken collectively these two books provide a very 
useful addition to the modern literature on athero- 
sclerosis. On one hand the former emphasizes the 

factors which influence lipid metabolism and 


many 
eae aea ee i work on the metabolic - 


aspects of atherosclerosis. The latter review, with ite 

on the thrombotic facet of atherosclerosis, 
will tend to restore the balance which is all too 
frequently absent in many monographs or colloquia 
on atherosclerosis. 

The books are well written, clearly illustrated and 
very readable, and will prove useful to all interested 
in the general aspecta of atherosclerosis. 

G. 8. Borp 


A PHILOSOPHY OF COSMOLOGY 


Towards a Unified Cosmology 
By Prof. ee Kapp. Pp. 308. (London: 
Hautchingon and Oo, (Publishers), Lid., 1960.) 358. net. 
OLOGY is a difficult subject, not only 
because of the nature of its subject-matter but 
also because the methods of approach are of a kind 
with which we ere quite unfamiliar in other branches 
of science, but even among works on coamology the 


is because he can confirm it na 
number of cases, is that in physics the mmimum 


prorat Now, it is quite possible to call this the 

ion if the author so wishes, but this 
SESE A of making the minimum sasumption is 
diametrically opposed to the method actually 
employed in science, and to the method which many 
philosophers of science think should be employed, 
for the minimum aasumption is the very hardest 
one to refute. But many of us believe that the best 
iteelf open most 
wever, by means 


Se daa oe Co el creation and 
annihilation of matter, and he was led to this before 
the Cambridge cosmologista postulated the continual 
creation which leads to the steady-state theory. It is 
puzzling that his assumption should lead to a oon- 
oclusion which is not so very different from the one to 
which the Cambridge coamologiste were led by exactly 
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itis opela loins this aq, by a toe tp wet 
refutable assumption. 

The author does not deal very fully with the diff- 
culty that annihilation of matter may -well lead to 
experimental effects which have not been observed ; 
fot example, to the half-life of the proton which one 
would expect to be able to measure. But I do not 
wiah to be altogether critical of the book. There are 

interesting flashes of insight scattered about it, 
ER epee et a discussion about gravitation. The author 
lista a set of problema about 


vitation ; for example, 
Why should there exist a which tends to increase 
decrease them 


(because 

mdeed, do like masses attract, and 
aver fogna tones eee ae Why does 

the.inertial mags always occur in agsociation with an 
‘aotive gravitational mass (if, aa I would accept, the 
general theory of relativity merely incorporates the 
equivalence of inertial and passive 
i Why is there only a limi 
constant ratios between unit charge and the inertial 
mass of the elementary particles ? Oan one reconcile 
what is known about gravitation with action at & 
distance ? All these seam to me questions which are 


. worth asking at this particular time. 


O. W. Kuxerme 


ESSAYS IN COMPARATIVE 
EDUCATION 


The Child, the Parent and the State | 
By James Bryant Conant. Pp. vi+211. (Oambridge, 
Maes.: Harvard University Presa; London: Oxford 
University Press, 1959.) 28s. net. 
SPUTNIK I had traumatic effect on public 
Pe Nis in the United States. A scapegoat 
seemed necessary, and the a end education system 
was selected. Education and educationistse—already 


the ; 
ele eee ean TODE tas entered the fray. 

Oonant’s tremendous contribution, to the debate in 
the collection of essays under review is that his 
ibioi i tion is, as befits a scientist, 
cautious, balanced and thoroughly informed. Ho 
chides ita more violent critica, but nevertheless 
exantfines the problems of American education within 
the framework of the Soviet challenge to his country. 
Ho is not inclined to see it solely, or even principally, 
in terme of -acientifio and techno 


although this aspect, 

he acoept Oamte’s view thet the great task of educe- 
tion is to rear “a generation of citizens who will be 
able to rise to the moral and intellectual challenge of 
these fateful times”. In those terms, 
appreciates that too fow American educators have 
recognized the international post-war role of their 
country and that too many still continue to believe 
that Ued Brata. Ho pos the lager rcblome 
lated United States” 

as those of ‘preparing “‘men 
exercise wise leadership” and of developing * ‘inbelli- 
gent discrimination in future voters”. These are 
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formidable tasks imdeed, but tasks which Conant 
admits have been conscious objectives in American 
education for a long time. 

In the face of thee problems the process of policy 
formulation in the United States ıs one of great 


complexity. E , a8 the author's title 
suggeste; is conflict the interests and 
demands of children and on Bee oe he 


comparatively with the mechanics of policy-making 
in the United States and in Europe. The 

issue concerns the part the State should play in the 
maintenance of academic i 
of the curriculum, the training 
teachers, and the finance of schools. Bome of Conant’s 
suggestions sound somewhat platitudinous, but one 
at least is bold. Tf taken periovaly hin plea for Federal 
aid on a large scale for education is bound to provoke 
consolidation of ‘high schools’, the teaching of foreign 
languages and the place of mathematics and science in 
His oes opie Se ee ee ree 
the practical educator. His support of vocational 
schools and for some kind of day continuation system 
is more novel. Many serious educators, however, will 
think of his proposals as little more than temporary 


Unlike many oritios Conant is aware of the dif- 


changing 
a Senses Medes ae eth ts chee ete 
educational system than irresponsible theorists. In the 
face of several possible policies from which to choose 


asking what consequences—social, po . 
and educational—are likely to flow from the adoption. 
of any one of them. Indeed, one might hazard the 
guers that he regards the task of prediction as central 
to the serious study of education. only 
improvements in this field can the study of 
education grow into a science. 

Conant’s own method of inquiry—stated by him 
to be empirical—seems basically pragmatic. His 
insights are revealing, his of problems acute, 
and some of his solutions bold~ Yet some doubta 
might be raised about the effectiveness of his com- 
parative approach. The text and very full notes 
contain much information about the schools of 
cho P E 

memorandum on Soviet education 
of Beptember 21, 1958, and an extract from the 
December, 1958, “Law of the Supreme Soviet on 
both 


documents 
problems of education in this technological age. But 
his pas rs of ARpA formulation in mid-nineteenth 
century England, present-day Western Germany and 
the Soviet Union seems dangerously to over-simplify 
very complex and subtle processes. ere are, in 
brief, rather more sophisticated models on which to | 
base comperative education studies. 
Finally, in i 


Students of education, in fact, are in real need of the 
latter and it might be thst comparative studios, 
a ea E eat eae i 
contribution to this task. Brauw Horas 
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The Making of the Broads g 
A Reconstruction of their Origin in the Light of New 
Evidence. By Dr. J. M. Lambert, J. N. Jennings, 
C. T. Smith, Charles Green and J. N. Hutchinson. 
(R.G.8. Research Series, No. 3.) Pp. vii+158-+7 
plates. (London: Royal Geographical Society, and 
John Murray (Publishers), Ltd., 1960.) 258. 
‘HOUBANDS of people know the “Broads”. 
What pleasant memories they evoke—lovely 
country, interesting bird life, good sailing, joyous 
parties aboard a motor launch! But how many 
holiday makers have ever asked themselves how these 
large lakes were formed ? Clearly they are differant 
from any other sheets of water in Britam; How 
did they come into bemg ? Much research has been 
devoted to this problem of recent years, and rt has 
been attacked from various pointe of view—geological, 
historical, philological, botanical, eto. As the outcome 
of these investigations rb would seem that e i 
now pointe to the conclusion that the broads resulted 
from peat diggings durmg the Middle Ages. Some- 
where about the fourteenth century slight land 
sinkage, perbaps combmed with a tidal break-through 
such as occurred a few years ago, flooded the peat 
workings, and this flood water could not drain away 
owing to the new lower level of the land relative to the 
sea. The broads, then, were turbaries. It can be 
shown that, as should be the case, they have vertical 
peat sides, nowadays somewhat masked by subse- 
quent slight infilling of silt and mud, and we can 
sometimes also notice transverse baulks of undug 
peat formmg ridges, to-day only just covered by the 
water; there are also islands of peat similarly only 
just below water-level. Historical records show that 
vast peat workings did exist in this area in the early 
Middle Ages, and the method of working can be 
determined. Fairly suddenly these methods changed, 
and much of the peat exploitation ceased. This would 
seem to correspond with the flooding of the workings. 
It must be remembered that rt in the 
eleventh, twelfth and thirteenth centuries was diff- 
cult, and little suitable fuel other than pest existed in 
East Angha, which névertheless was a well-populated 
part of the country. That peat diggmg should have 
existed on a large scale is not surprising. The fact of 
land sinkage perhaps coupled with tidal break- 
throughs altered the whole picture and resulted in 
the broads we know to-day. So whether the holiday 
maker is sailing over aristocratic Ranworth or stately 
Barton or proletarian Wroxham, let him spare s 
moment to remember the old peat workers, his fore- 
runners, to whose labours his present enjoyment is 
due. Mites BuRgrrr 


Premler Colloque International de Photographie 

Corpusculaire, Strasbourg, 1* au 6 Juillet, 1957 
(Colloques Internationaux du Centre National de la 
Recherche Scientifique, No. 79.) Pp. 451. (Paris: 
Centre National de la Recherche Scientifique, 1958.) 
5,300 francs. 


HE introduction of the photographio emulsion 

as a detector of charged particles has had an 
impact on physica which will be familiar to students 
of evolutionary biology. We oan recognize a long 
and rather obscure development period, a sudden 
emergence as a practical device, and then an explosive 
deployment mto many fields and applications as ite 
very adaptable features were ized. In about a 
decade a vast literature has grown around the subject 
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of nuclear track plates which must bewilder those 
about to use them for the first time. Nor are there 
any signs that track plates have reached the final 
stage of the evolutionary process, namely, the slow 
decline and ultimate extinction in the face of the 
competition fram newer types of charged particle 
detectors. This is evident from the subjects covered 
in this book, which is a record of the First Inter- 
national Conference on Particle Track Photography 
held at Strasbourg m 1957. The main aims of this 
conference were to examine the present state of our 
knowledge concernmg the photographic action of 
charged particles, to survey the resulta obtained in 
recent years, and to seek ways of improvmg the 
emulsions to meet the ing requirements of 
physics and the widening fields of application. There 
are about fifty contributions by delegates from four- 
teen countries on the theory of latent image formation, 
the preparation, properties, proceasing and applice- 
tion of nuclear emulsions. The book is well illustrated 
by diagrams and photographs and provides a valuable 
account of the latest techniques written by experts, 
many of whom were pioneers m the development of 
track-plate photography. D. L. Awan 


The Transits of Venus 

A Study of Eighteenth-Century Science. By Prof. 
Harry Woolf. Pp. xiii+258+11 plates. (Prmoetan, 
N.J.: Princeton University Press ; London: Oxford 
University Press, 1959.) 48s. net. 


one says of this book that it is a careful and 
scholarly work describing the aims and adventures 
of those who, m the eighteenth century, tried to 
determine the distance of the Earth from the Sun by 
observations of Venus on the rare occasions when the 
planet was seen projected on the solar disk, one has 
said almost everything possible by way of general 
appreciation. 

As a contribution to the history of astronomy this 
is an important work which will be useful primarily as 
& complete record of the hopes and fears, successes 
and failures, bair-breadth escapes and solid achieve- 
ment of the many scientists and travellers who took. 
part in the observational schames. One can, however, 
see more in the volume than a catalogue of historical 
sources. The tale, considered as a whole, shows how 
essentially modern the eighteenth century was, and 
how particularly France, Britain and Sweden could 
even at that time plan great scientific projects in a 
manner which would not be out of place to-day. The 
science of the seventeenth century still had recogniz- 
able roots in medievaliam: that of the eighteenth 
looked forward with a philosophy stil 
in our own time. It is even comoeivable that we gould 
draw a modern lesson from this record, and by the 
use of multiple photography of Mercury or Venus 
when projected on the solar disk overcome the 
uncertainties introduced by the indefiniteness of the 
solar limb m any one exposure, and reintroduce the 
transit method as a modern means for the determina- 
tion of the solar parallax. Davo 8. Evans 


Evacuation et Récupération de la Chaleur des 
Réacteurs Nucléalres 

Par Richard Alami et Paul Ageron. (Introduction au 

Génie Nucléaire, Tome 8.) Pp. ix+246. (Paris: 

Dunod, 1958.) 2,900 franos. 


HIS, the third volume of an introduction to 
nuclear energy, is devoted to the removal and 
utilization of heat from nuclear reactors. The work 
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is directed towards engineering students and those 
already engaged in the nuclear field who are not 
in heat transfer. 

The first of the four chapters commences with a 
discussion of the way in which heat is produced in a 
nuclear reactor. The fundamental laws of heat 
transfer are next reviewed, and then, after defining 
the required characteristics of a nuclear coolant, 
separate sections are given to aqueous, gaseous, 
liquid-metal and organic coolante. The chapter con- 
clades with a section on aqueous and liquid-metal 
fuels. 

The second chapter deals with the conversion of 
heat to mechanical energy and includes separate 
sections on steam and gas turbine cyclea. The third 
covers application of theory to practical reactor 
systems, some thirteen projects being described 
according to their coolant classification. The final 
chapter details methods of determining thermal 
stresses in. simple geometries. 

The presentation is attractive, and the text is 
supported by adequate diagrams and worked exam- 
pie, Comprehensive tables of physical properties 

are arranged conveniently within the text. Each 
chapter imcludes a reasonable bibliography of sup- 
porting references. 

The work affords a useful introduction to the 
subject, but, without implying any criticism of it, it 
would seem’ that English readers are already ade- 
quately catered for by a number of existing British 
and American books. R. J. Syuxs 


Nigeria’s Feeding-Stuffs 
Their Composition and Nutritive Value. By V. A. 
Oyenugs. Second edition. Pp. 65. (Ibadan, Nigeria : 
University Prees, 1959.) 8s. 6d. 

GRIOULTURAL progress in all under-developed 

countries has been delayed because of a lack of 
knowledge, particularly of the basic facts about the 
soil and the crops of these regions. Overworked staff 
in Government research stations have usually been 
overwhelmed by the need to give all their attention to 
problems of immediate practioal importance. Many 
of us hoped that the new university colleges would 
do something to encourage fundamental research, 
particularly in the sciences relating to agriculture. 
This book shows one: instance of this hope being 
falfilled. It is particularly i to find 
that Nigerian members of staff, like Dr. Oyenuga, 
are ing such a useful contribution to the 
development of scientific agriculture in their own 
country. 
This book, which is a revision and expansion of the 
first edition published in 1955, lists the majority of 
the important foods, both of man and his livestock, 
which grow in Nigeria. It gives analyses of their 
composition, including such data as their protem and 
starch equivalent, and their nutritive value. Useful 
notes on the cultivation and use of each crop- are 
included. Readers who do not know Nigeria may 
sometimes be surprised, for example, by such state- 
ments as that the water melon has the highest 
calorific value (658 calories per 100 gm.) of any that 
has been determined ; the mystery is cleared up by 
the oe that in Nigeria water melons are 

their seeds and not for their watery flesh. 

An WAG ware on probleme. of untrition oh tian Ge 
animals in tropical oountries, and particularly in 
West Afrioa, will find Dr. Oyenuga’s book a very 
useful tool. Kanwera MELLANBY 
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Australlan Native Plants for Home Gardens 
By A. E. Brooks. Pp. xvi+149+440 plates. (Mel- 
bourne and Sydney: Lothian Publishing Company, 
Pty., Ltd., 1959.) 46s. 


HE Australian bush is particularly rich in besut- 

iful floriferous plants fit to grace any 
Many have already been brought into cultivation, and 
the aim of this book is to make known to the increasing 
number of native plant enthusiasts which species are 
obtainable from nurserymen in Australia and the 
treatment they require in the garden. The informa- 
tion ia presented in dictionary form with brief 
descriptive and cultural notes arranged alphabetically 
under the botanical names. Popular names are given 
also, and an index is provided for them. Articles on 
such topics as one manuring and trans- 
planting are interspersed, and, together with lista of 
species flowering at different seasons, or suited to 
particular conditions, add much to the usefulness of 
the book. Very few of the planta mentioned oan be 
cultivated out of doors in the British Isles. For the 
London area they would include one Grevillea and 
one or two ti-trees (Leptospermum spp.) among the 
shrube, and the golden everlasting (Helichrysum 
bracteatum) and Swan River daisy (Brachycome 
tberidtfolia) among the herbs. The paucity of hardy 
species combined with the inadequacy of the descrip- 
tive matter for identification and absence of keys 
limita the sphere of usefulness of the book to Aus- 
tralia. These deficiencies are to some extent amelior- 
ated by the inclusion of seventy photographs of a 
high standard by which the PRR of the genera 
are illustrated. . MELVILLE 


Antiblotic The and Staphylococcal Diseases - 
Edited by Dr. Henry Welch and Prof. Maxwell 
Finland. (Antibiotics Monographs, No. 12.) Pp. 
xii-+208. (New York: Medioal Enoyalopedia, Ins. ; 
London: Interscience Publishers, Ltd., 1959.) 4. 50 
dollars. 


HIS valimisi is No. 12 in the series of ‘Antibiotics 

Monographs” and covers the important subject 
of antibiotics effective against staphylococcal in- 
fections. 

After a foreword in characteristic style by Marti- 
Ibanez, the first chapter by Welch deals with the 
staphylococcal problem and the effects of carly 
antibiotics, penicillin, chloramphenicol, the tetra- 
cyclines and bacitracin. The next six chapters deal 
with erythromyocin, cleandomycin, novobiocin, van- 
comyom, ristocetin, and kanamycin. Each is written 
by a well-known authority in the use of these anti- 
biotios. The last chapter consists of recapitulation 
and discussion by Fmland. 

The book is excellently produced. It gives much 
useful information about each of the antibiotics 
considered, full references to their use in olinical 
practice, an assessment of their effectiveness and 
discusion of the ease with which drug-resistant 

It ends with the conclusion that antibiotics against 
staphylococci should be used sensibly and only for 
clear indications, that they should never be used for 
prophylaxis on a wide scele in hospitals or in closed 
communities particularly for long periods, that the 
antibiotics most suitable for each cage should be 
selected and changes made after adequate trial has 
shown them to be ineffective or inadequate, or when 
other infections are demonstrated or evidence of 
toxicity precludes their further use. R. Kwox 
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ARE THE LAWS OF NATURE SYMMETRICAL? 


By Pror. O. R. FRISCH, O.B.E., F.R.S.* 


Y symmetry I shall mean mirror symmetry, 

exhibrted by such flat figures as a heart or a 
fleur-de-lis or the letter A. There are two testa for 
symmetry. One is to see if a plane oan be found— 
the plane of symmetry—which bisects the figure so 
that, of the two halves, one 1s the mirror image of the 
other. Hence, any figure together with ita mirror 
image in an arbitrary plane constitutes a symmetrical 
figure. The other test 1s to form the mirror image of 
the given figure and gee if the two look alike. Children 
might find it difflouls to perform that test since they 
notoriously confuse d and b, or p and g (but would 
they call them abke if they saw them side by side ?). 
But apart from that the two teste are equivalent, for 
flat figures; though not for spatial shapes, as we 
shall gee. 

Considered as a shape in space, any flat figure is 
symmetrical, its own plane being the plane of sym- 
metry. The flat shape of a glove 1s symmetrical, but 
not the glove itself, the two sides of which are dif- 
ferent. Many crystals are symmetrical, but some are 
not. Many of them will pass the first test—of having 
a plane of symmetry—and 1t is easy to prove that 
they then also pasa the second test, of being ‘con- 
gruent’ with their mirror image. But the converse 
is not true: there are shapes that are congruent with 
them mirror images but that have no plane of sym- 
metry. This is, of course, well known to orystallo- 
graphers, but seems surprising when first encountered. 
Actually we know much more complex forms of 
‘symmetry, with several planes of symmetry; but 
here I am concerned only with the bemo difference 
Sa symmetrical and asymmetrical shapes. 

The important point is that the intemal measure- 
mente of any shape sre not changed when it is 
mirrored. Hence, for any asymmetrical shape there 
exist two forms, say, a right-handed and a left- 
handed one, and the internal meesurements are the 
same for the two. For example, two helices may be 
drawn on cylinders of the same size, and at the same 
pitch, and yet be quite different. One is related to 
our right hand as the other is to our left hand, and 
so a convention for naming them has come about ; 
but this can be used only by beings who know what 
we mean by right and left. 

80 geometry gives no preference to any shape over 
ita mirror image. Does physics? To put it more 

inely: any set of geometrical measurements, 
cried’ oib on a given: ahape, will give the same 
results if carried out on ita image. Is the same still 
true if we extend it from geometrical measurementsa— 
of lengths and angles—to physical measurements, say, 
of speeds or forces or temperatures? -Would any 
experimental arrangement give the same result as ite 
mirror mage ? 

The fundamental laws of Newton on which mech- 
anics is based certainly make no distinction between. 
right and left. A weight hung on a string can be 


* Substance of an Hvening Discourse at the Royal Institution, 
delivered on May 11. 


made to swing in a omele, and the time for a turn 18 
the same whether it swings clockwise or anti-clock- 
wise. Actually, there is a shght difference because 
the Earth is turning ; this can be elimmated by 
doing the ent on the equator, or by just 
correctimg for it. Even then there may be a difference 
because the string is twisted; so we should strictly 
use two weights hung by strings which are twisted 
the opposite way! Anyhow, if all such trivial errors 
are avoided, the direction of swing makes no differance. 

The passage of polarized light through a sugar 
solution seems to be different. In the absence of the 
solution, mmimum light is obtained with the two 
Nicol prisms crossed ; but wrth the sohrtion in the 
lght-path, the second prism must be turned to the 
left to restore darkneas. Here we seam to have an 
asymmetric phenomenon: with the mirror image of 
this arrangement, that is, with the turned. to 
the right, we get brighter light rather than darkness. 
But the sugar molecules are the cause of that asym- 
metry ; they are twisted, and if we replace them by 
others which are their mirror image and then turn 
the prism to the right, we shall once agam get dark- 
ness, and symmetry is restored. 

In the same way we can explain the apparent 
asymmetry of Oersted’s famous experiment, which 
greatly worried him and his contemporaries. <A 
compass needle above a horizontal wire and parallel 
to it is deflected when we pass a current through the 
wire. As before, an apparently symmetrical arrange- 
ment gives an unsymmetrical result. But the 
arrangement is not really symmetrical. The mag- 
netism of the compass needle should be attributed, 
according to Ampère, to electric currenta that go 
around tt. Henco the arrangement is no longer 
symmetrical; in order to convert it to rts mirror 
image the needle must be turned round, and then 
the current, of course, deflects it in the opposite 
ie a Reha enano eget 

I hope these examples will make it plausible that 
the laws of classical physica are indeed symmetrical. 
Here I mean classical those phenomena where 
macroscopic ies are concerned, made from very 
large numbers of atoms. But in this century we-have 
learned to observe single atoms, and here a new 
difficulty appears. An stom passing through a layer 


are identeca] ( (congruent), as oai be peon 


is etal ge about its rod, and 
ons are also mirror mages 
y each by oa yet cach has no mirror plane 
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fofl Pb. 


The 
1 and O,, then count at slightly 


of gas or an electron passing through a metal foil will 
suffer a random deflexian, either to the right or to 


- the left. Whichever it does, it behaves 


unsymmetrio- 

ally in a symmetrical situation. But what else can 
it do? Is only alternative would be to remain 
undeflected, like Buridan’s ass, which starved between 
two equal bundles of hay, obedient to the principle 
of . A real ass would eat one of the hay 
Se ee ee ee would 
worry about its unsymmetrical action. out of 
10,000 asses in that situation 6,000 turned to the 
right and only 4,000 to the left, Taa 
deduce that asses behave unsymmetrically; from 
the action of one aes nothing follows. 
So im studying single atoms we must study them 

many times, or many of them, and analyse the 
Torilta statistically. Until 1957 (with one single 
exception) no atomic process had been found 
to behave , when averaged over 

many repetitions. But in 1056 reasons were given to 
suspect the radioactive bote-deoay of uneymraoirioal 
features, and early in 1957 a number of 


phosphorus 
directions. Ifa stream of those electrons that travel 
vertically upward is made to strike s sheet of alum- 
inium, and those that are thereby deflected by 90° 
are then made to strike a sheet of lead plate, we 
shotld expect that of the electrons that are deflected 
numbers should go to the 


result. It is easy to verify that the electrons reach 
the lead plate as a symmetrical stream; Why, then, 
are more of them deflected to the right than to the 
lef? Reversing the lead plate makes no difference, 
so it must be some property of the electrons. Now, 
a similar behaviour is sean with a tennis ball that 
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nail heads which represent the atomio nuclei in the 
lead plate. Even so, the spin does cause an asym- 
metry in the deflexion pattern, and that asymmetry 
was Indeed calculated Mott as early as 1920, as 
soon as Dirac had formulated his mathematical 
theory of the electron spin. 

So the asymmetry we observe indicates that the 
Se ee te oe ae ec 


sheet. Such a deflexion haa little effect on the spin ; 
so we finally conclude that thn asymmetry comes 


-from the fact that the radioactive nucleus tends to 


give each electron a spin to the left on sending it off. 

That conclusion could have been reached in 1980: 
for in that year C. T. Chase found the same asym- 
metry (see Phys. Rew., 36, 1060; 1980). But the 
time was not ripe ; the effect was small and seamed 
inexplicable ; nobody took notice, and the experi- 
ment was soon forgotten. pene ee eae 
pie o aea ee aa; and, indeed, 

when Chase's experiment waa repeated with electrons 
asymmetry disappeared. (which 
taken to mean thab his original 
experiment had been in error). How then does the 
nucleus cause the emitted electron to fly off with a 
definite sense of spin ? 

To that kind of question physios has no answer, 
no more than to the question: How doos a positive . 
er attract & sree one? The attraction 

Derwent opposes and many other more 
complica: el and magnetic phenomena are 
fully described by Maxwell’s equations; but not 

‘explained’, since that would require their reduction 
to something more fundamental, and no such reduo-- . 
tion has yet been achieved (although Einstein and 
others have tried). In the same way, the emission of 
electrons from radioactive nuclei is described in every 
detail, ia the direction of spin, by a theory of 
which the f ions were laid by Fermi, more than 
twenty-five years ago. 

In its original form, Fermi’s theory did not predict 

any preferential direction of the electron spins; in 
diese daye, all phiyniolste/belinyed Armily i she BYT 
metry of the laws of Nature. But it was soon clear 
that the emission of electrons—or heta-rays, as they 
were called—from ee a D from 
other atomic or nuclear In 


be weaker by a factor of many millions than in other 


. phenomena. 


In the past decade or so, several other processes 
whioh go by weak interactions have been discovered : 
the spantansous transformation of a pion (pi-meson) 
into a muon {mu-meson), or a neutral lambda- 
hyperon into & pion and e proton. All those trans- 
formations happen within leas than a milliotth of a 
ee ee eee 
and the interaction. between the initial and the final 
state is found to be in all these cages just as weak as 
in beta-transformations. 





8, functions of even above) and 
Fig. Graphs representing $ parity (above) 
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laboratories; but soon much simpler experiments 
were devised which proved the.simple rule that 
whenever a particle that has spin is sent out as a 
result of weak interaction, it tends to spm in a left- 
handed way about ite direction of flight. The particle 
may be visualized as being like a little left-handed 
propeller, or that ib is fired from a barrel with 
left-handed rifling, but of course those are just 
pictures. 

Does all this mean that, in her weak interactions, 
Nature is left-handed, and that her laws are not 
symmetrical ? In a certam sense, yes. But we may 


, widen the concept of symmetry. It has long been 
between 


known that there 1s & measure of 

ane and the opposite kind. We call them 
negative, but those are purely oon- 

Tartinnal “labels (and rather unfortunately chosen, 

since usually it is the ‘negative’ electrons the move- 

ment of which constitutes an electric current). For 


Of particular interest here were the K-mesons, ~ a time it looked as if the positive charge was definitely 


about half as heavy as protons, which were 
Feed ook ce eos es Ge Bome- 
times into three. This behaviour was in conflict with 
a well-established rule of quantum mechanios: the 
rule of ‘conservation. of Originally, the parity 
of a number meant ite property of being either odd 
or even. Later, that concept was extended to apply, 
not just to numbers, but to mathematical functions. 
When a quantity y varies in dependence on a quantity 
w, we call y a function of x, and we can represent a 
function by a graph. Now if a change in the sign of 
z has no effect on y, we say the function has even 


parity. 
-when f depends on several quantities, say, w, y and z, 
"RER may represent co-ordinates in space. 
uch functions of space are very important in 
Pa rater sini where they are usually called wave 
functions, because they resemble waves in special 
cases.” A wave function may have odd or even parity, 
and it is an important fact that the parity remains 
even if the system to which the wave 
f belongs breaks up (as long as iè is not dig- 
tarbed from outside). This ‘oongervation of parity’ 
will hold as long as the laws which govern the system 
are symmetrical, that is, make no difference between 
nehe and Ine and this Smena doubted: until 
about 1956. About that time it became olear that 
the K-mesons presented a puzzle ; it waa shown that 
the system of three pions into which a K-meson can 
blow up hae e wave motion with the opposite parity 


from that of two pions which can also result from: 


the break-up of a K-meeon. For a time it waa 
thought that perhaps there were two different 
kinds of K-meson, having opposite perity; but 

became and 


two kinds could be detected,. that idea became 
unpopular. 
fs Ohne T. D. Lee and C. N. Yang, two 
 Chinese-born theoreticians wo in the 
United States, published a paper which e history 
and for which, two years later, they received the 
Nobel Prize. They looked at the evidence for parity 
conservation in œ variety of processes and found that 
there was no such.evidence for those processes which 
depended on weak interactions. They proposed some 
testa, and within a few- months they were performed, 
‘with positive resulte. The firsb tests were quite 
complex and needed: resources found only in a few 


> 


associated with the heavy part of matter, the atomic 
nuclei, and more precisely with the protons which 
form part of atomic nuclei, and the negative charge 
with the much lighter electrons. But in 1932 positrons 
were discovered, which are the positive counterparts 
of the electrons, and negative protons were first made 
and observed in 1954. Ever since then, it has been 
possible to imagine a magio mirror—tet us call it a 
charge mirror—which would leave the sbape of an 
object unchanged but turn all ita positive charges 
into negative ones and vice versa. It would even 
affect some neutral particles : the neutron, which 


ita anti-partiole ; but the forces between them would 
not be changed thereby and the entire system would 
behave just as before. 

But again—just as with a real mirror—this is true 
only as long as we exclude weak interactions. I said 
before that any particle emitted as & result of a woak 
interaction tended to spin to the left about ite direc- 
tion of fhght. But if it is an anti-partiole that is 
emitted, then it will tend to spm to the right. That 
can be verified experimentally : there are radioactive 
substances that emit positrons rather than electrons, 
and thoge positrons are indeed found to spm in the 
opposite direction. 

Bo the outcome of a weak-interaction 


left—or in our fictitious charge mirror which changes 
plus to minus. But if we use both mirrors at once 
then the outcome remains To put it in 
& jooular way: if a physicist had 

the looking glasa, like Alice, he would be able to tell 
by measuring the spin direction-of electrons emitted 
in beta-decay, followmg Lee and Yang; but if at 
the same time he had into an ‘anti- 
world’ where all the particlos—imaluding those of 
his own body—had been transformed into anti- 
particles, then he could never tell the difference, 
even with Drs. Anti-Lee and Anti-Yang to help 
bim. 


Does such an anti-world actually exist? We do 
not know yet. When a particle and its anti- -particle 


the Earth; hence anti-particles must be rare, not 
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only on the Earth, but all through our galaxy. But 
we cannot exclude that other galaxies may be made 
from anti-matter. Our hope of finding out is based 
on a careful study of those cases where two galaxies 
collide (a alow process of in tion which may 
last a million years). If one of them were made from 
matter and the other from anti-matter, an enormous 
intensity of gamma-radiation would result which we 
might observe, directly or mdirectly; but so far 
there has been no conclusive evidence for such 
radiation. Bo we do not know yet whether Nature 
as a whole is charge-symmoetrical, with equal numbers 
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~ 
of galaxies and anti-galaxies, or whether enti- 
particles are merely fleeting visitors to our world, 
created by the clash of high-energy particles and 
annihilated almost at once. 
To sum up: before 1957 the laws of Nature were 
symmetrical in two separate ways which we may call 
space symmetry and charge symmetry. Smoe 1957 
Sash of hese: eysaiaivien Uy sisal has boad to be 
accurate; but they have became wedded into a 
vaster, more majestic, symmetry, a truly royal 
wedding the sight of which delights the philosophical 
mind. 


BLUE HAZES IN THE ATMOSPHERE 


By Dr. F. W. WENT 
` Director, Missouri Botanica! Garden, St. Louls, 10 


HERE are dozens of everyday experiences 
which oan be cited to substantiate the reality 
and ubiquity of the blue heat or summer hase, 


exclude from this enumeration the haze which is 
produced in cities by ‘smog’ (partial oxidation 
*produote of petrol va Ap AE a oar i fees Ge 
industrial activities. But when we are in the country- 
side far away from cities, a blue haze is still present, 
p y ns Diner ie eee eee oa hara, 


as given by Leonardo da Vinci in his notebooks. 
When reading this, one becomes aware of the num- 
ber of ‘Blue Mountains’ (for example, in Australia, 
where blue hazes over the eucalypt forests are very 
common) and ‘Blue Ridges’ (in Tennospee, near the 


‘Smoky Mountains’), all named after one of the most - 


typical aspects of these mountains: that they are 
usually enveloped in a blue haxe or smoke. This haze 
occurs more commonly in summer, in areas only 
little populated, at times when no fires occur. 

On warm summer afternoons, the Sun's rays 
breaking between tho clouds can be seen as shafts of 
light against the dark undersides of these clouds. 
These rays become visible only because they pass 

the even mass of haze. When the blue ra 
have filtered out of the sunlight, this 
beooches moro yellowish (in the tropias the Bm is 
sometimes called the ‘copper cad’), or even red (ab 
sunset). These residual red rays produce the 
Alpenglühen, and the deficiency of blue hght at sunset 
ee a ey enon 
yellow 

There is no better way to observe the blue haze 
than by flying over the . When flying 
at a few thousand feet altitude, the flelds and forests 
become mdistinct near the horizon. The horizon 
becomes suddenly clear and sharp when the e 
rises above the inversion layer ich, 
during summer lies at 10,000 ft. The horizon 
ia then formed by the clouds which float in this inver- 
gion layer with all haze contained and 
depending on the density of the haze, the ground 
surface ig remarkably indistinct. Photographs taken 


from the aeroplane on days with dense hare are lacking 
in contrast, whereas on haxeless days, similar pictures 
are brilliant. 

There have been a number of suggestions as 
to the nature of the haze: (l) smoke ; (2) dust; 
(3) water vapour; (4) fog. Even a summary 
consideration will show that it can be none of these 
four possibilities. Concerning (1), these hazes are 
prevalent over moist tropical uninhabited jungles, 
Oe ee ees ee ere: 
peers without firege. Besides, the smoke plumes of 

or factories can be followed for dozens of miles 
downwind where they have not merged completely 
with the surroundmg air. Therefore, the even blue 
haze cannot have ita source in fires. Besides, most 
smoke is yellow or brown, whereas the common 
summer haze is blue or grey. i 

Point (2) can also be dismissed eamly. The most 

haze occurs on quiet days with very low 


equally agemst dust. Finally, 
again the blue colour makes dust an i 
ere eee nnn of the sall fram which « 


Tho possibilty thet thé ‘hase ja either: (8). water 
vapour, or (4) fog, can also be ruled out. In the first 
, the haze is most pronounced on warm sunny 
summer days. It never merges gradually into clouds ; 
these remain always distinct. Water does not have 
any trace of light absorption. in the visible part of the 
spectrum ; water vapour as such can therefore never 
be visible. It oan be observed only after it has 
condensed into droplets, as fog or clouds. But these 
lete are at least 5 mp in diameter and therefore 
and reflect all colours equally, making tham 
elude reappear en Smaller water droplets, for 
example, of 1 my diameter, are stable only in strongly 
over-saturated air, and then they would immediately 
grow to greater size. Only particles or droplets 
smaller than the wave-length of light will reflect 
predominantly the blue rays, and such 0:1 mp or 
smaller particles give rise to a blue haze. 
We come therefore to the conclusion that blue 


ia Me ae ge io 
Othe Gee wei P a be 


aaa ent of larger particles ;, breaking any 
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matter up into sub-mucroscopic particles requires 

enormous forces and fantastico amounts of energy, 

which are nowhere in evidence on the quiet summer 
haze days. 

The only remaining possibility is that theee hazes 
are formed by agglomeration or condensation of 
molecules already present in the ar. This is only 

ossible, m that size-range, by chemical forces, 
Poona the. IRo “cise” be pan oea a 
ordinary air temperatures precludes their condensa- 
tion. 

Fortunately several casee are known in which 
application of light or chemical energy leads to the 
condensation of gaa molecules to blue hazes. The 
first of these cases was described almost a hundred 
yoars ago by Prof. John Tyndall, of Dublin. ° 

He showed that when a beam of intense light was 
passed through a tube filed with air contammg 
organic vapours & delicate blue light was emitted by 
that part of the sir through which the hght had 
passed. The lower the concentration of the organic 
vapours, the more slowly the so-called blue cloud 
formed, and the deeper the blue colour. On contmued 
irradiation the colour of the blue cloud became lighter 
until it was whitush. Tyndall also found that the air 
remained optically empty, and that the blue light 
emitted by the cloud was polarized, indicating that 
ib was reflected by eye ae which 
obviously grew rapidly until they all wave- 
lengths, and thus produced a whitish light. 

Another case of experimental blue haze formation 
has been described and demonstrated by Dr. Are 
Haagen-Smit, of the California Institute of Tech- 
nology. When he mixed dilute petrol or olefine 
vapours with a low concentration of ozone, a blue 
cloud (with ‘smog’ smel) formed. This model 

i indicates what is ha ing m the atmo- 
ap. of a city, where considerable amounts of petrol 
vapours are emitted into the air, and where the 
energy of sunlight, catalysed by nitrogen oxides, 
oxidizes the olefines present. 

An experiment, similar to that of Haagen-Smit 
wrth olefines, shows that volatile organic substances 
produced by planta behave in the same way aa petrol 
vapours and ozone. When low concentrations of 
terpenes are injected into an ozone-bearmg atmo- 
sphere, & blue haze develops. This is clearly shown in 
the case of dropping a handful of crushed pine needles, 
or any other aromatic plant material, into a container 
with ozone. The crushed leaves soon become envel- 
oped m a slight blue haze, which becomes gradually 
whiter. This behaviour is exactly like that of organic 
vapours in the strong light of Tyndall’s experiment. 

Now rt can be shown that considerable amounts 
of volatile organic substances are emitted into the 
air in sunlight. A pine forest produces quantities of 
volatile terpenes, such as pmene, which give the forest 
tte pmy smell. The fragrance of meadows is also 
due to volatale organic substances, and so is the 
aromstic smell of sagebrush and other types of 
- vegetation of dunes and semi-arid regions. The sweet 
odour of the forest floor covered with autumn leaves 
ig caused by terpenoid compounds, probably derived 
from decomposing carotenoids. 

The amount of these volatile organic compounds 
produced yearly by all land-plante and their decom- 
poertion products is of the of 1% tons. All this 
disappears again from the air since only a short 
distance from forest, meadow, or sage, the aromatic 
odours ere no longer noticeable, at least during day. 
At night, whifls of strong aromas may drift for much 
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greater distances, but durmg the day a mechanism 
exista which removes the odours. This cannot be a 
imple oxidation to carbon dioxide and water. Even 
m, plant no enzymes exist which can decompose 

after they have been formed. 

ut through the of Tyndall wrth light, 


‘and those wrth ozone, we know that partial oxidation 


can result m condensation of terpenes to macro- 
molecules which refract the blue light. This is 
the major—and only demonstrable—mechaniam by 
which the molecularly dispersed (and therefore smell- 
able) aromatic compounds in the air can be de- 
odortfied. Therefore the same mechanism explains 
the removal of terpenes from the air, and the form- 
ation of a blue haze. 

What happens to the particles which cause the 
blue haze ? We can imagine two mechanisms. One 
is their oxidation to carbon dioxide and water. 
But in the first instance, they were formed because 
oxidation did not result in complete oxidation ; and 
the addition products of the ozonides and peroxides 
produced by light-oxidation of are scarcely 
likely to be more oxidizable than the lower-molecular 
perent substance. 

Therefore, the second posmble mechanism is that 
they contmue to grow m size and agglomerate mto 
pene which become large enough so that they can 

precipitated with rain or snow. They may then 
colour from blue to white, grey, brown, or 

black. Judgmg by observable phenomena, the last, 
named seems to be the actual case. Commonly in 
the afternoon one finds the upper layer of the blue 
haze layer to be denser and of a grey or black colour. 
This is only visible when viewing this layer tangenti- 
ally, that is to say, from an aeroplane flying in the 
inversion layer. In addition to this one major thm 
layer of dark colour, there often are several others at 
about 1,000-ft. intervals; usually there are one to 
three, but occasionally as many as seven can be 
counted. The grey, brown or black colour of these 
layers indicates that the haze particle size ia well above 
0-5 my, very much above that of the blue hazes under 
the invermon layer. These denser and darker layers of 
particles must have origi either m the strato- 
sphere, where we do not have sufficient source mater- 
ials, or in the haze layers below. This means that the 
sub-mioroscopic blue haze particles must grow mto l 
my size particles in the Inversion layer, in a relatively 
short time-period, measured in hours or days. This 
presents theoretical difficulties, but the facts seam to be 
clear-cut. There is some direct evidence indicating the 
transformation of the blue haze into larger particles. 

Whenever a layer of convection clouds (strato- or 
alto-cumulus) accumulates above a blue haze-satur- 
ated air layer, cartain phenomena can be observed. 
There is usually a zone of very active cloud ap 
and disappearance in the lower end of the mversion 
layer ; and it is exactly in that zone that very thin, 
dark grey or black wisps of cloud are seen. I call 
them ‘vel clouds’ for apparent lack of a specific 
name. They are clearly defined along the edgos of 
disappearing strato-cumulus cloudlete. Their dark 
colour is definrtely not due to shadows, for they 
surround a perfectly white cumulus on all sides. Veil 
clouds are also vimble, not associated with any white 
clouds, but are always very thm, dark in colour, and 
ocour only in the primary and secondary inversion 
layers. Frequently the lower surface of strato- 
cumulus consiste mainly or partly of veil clouds. 
Wherever they extend the strato-cumulus | 
they remain dark in colour, and therefore I believe 
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EE PE E adh ob tha E beach is ioe 
side of ‘strato-cumulus clouds consiste of veil clouds, 
and that their dark colour indicates that their chemical 
composition differs very much from water. I suggest 
‘that veil clouds associated ‘with alto- and strato- 
cumulus clouds aré accumulations and condensations 
of the blue haze and therefore that they consist of 
particles of ee or sepbaltic materials. 

At the size the particles reach in veil clouds they 
may be effective condensation nuclei, and thus may 
pley a part in cloud formation and even in rain, pro- 

duction. They might thus partially replace sodium 
chloride particles as cloud- and rain-forming nuclei. 
Only over vegetated aress are blue hazes and veil 


clouds observed. Over oceans one can see dilute white 
hazee, apparently consisting of sodium chloride 
i produced by evaporation of droplets of 


sea water, splattered by ram or splashing droplets 
into the air. Goce ebaalute dasri ao Bite, tases 
ocour (usually only yellow dust layers occur 
there); but over the creosote-covered California 
semi-deserts, and over the sromatic Australian 
interior, blue hazes, of perhaps lower concentration 
than the hazeg hanging over Europe or the Mid-West 
of the United States, are typical. Blue hazes are 
typical of all tropical vegetated areas, pine foresta, 
and foreste in 

About the fate of the bituminous and asphaltic 
particles m the veil clouds and grey or black inversion 
layers, little can be gaid. It is almost certain that 
they return to the Berth’s surface with ram and sow, 
ee ee a: 
and thus are erther waahed down with rivers into delta 
areas, where they be the source materials for 
petroleum pact ly or they become incorporated in 
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humus and peat, and provide the basis for much of 
the heat content of bituminous coals. - 

I suggest that the blue hazes and veil clouds play 
a Ai she se ore part in the heat balance of the 

y of the a They 

probably absorb cred 20 per cent of all the Sun's 
radiation the Earth. Therefore they should 
be considered when calculating the heat conversions 
neer the Earth’s surface. 

There is another 
clouds. They must have & consi le potential 
heat content. Perhaps they provide not only part 
of the ions needed to build up the enormous potential 
differences required for lightning, but they might 
also provide pert of the energy for mamtaining the 
muulti-mile long lightning shafts. One of the reasons 
for suggesting this is that the denser the vegetation 
and the more terpenes volatilize (due to high tempera- 
tures), the more intense the thunderstorms are. 
Over oceans, over deserts, and over the Arctic, they 
are absent. 
Thus it wae suggested that volatilixation of ter- 
penes and other plant products resulta in the produo- 
tion of, first, blue haze, then veil clouds, and finally, 
bituminous materials which, when returned to the 
Earth by rain and snow, produce the source materials 
for petroleum formation. The quantities produced 
sre of the right order of megnitude, and all facts seem 
to fit into @ consistent picture, giving a balanced 
point of view of many, until recently, unrelated facts. 

ee ee 
gestions made here before they can be accepted as 
any more than a is. But the hypothesis 
may serve as a basis for further observations on the 
hitherto neglected blue hazes and veil clouds. 


of the veil 


CYTOPLASMIC PARTICLES AND THEIR ROLE IN 
PROTEIN SYNTHESIS 


HE Colloid and Biophysics Committee of the 
Faraday Society sponsored an informal discussion 

on this subject which took place under the chairman- 
ship of Prof. J. A. V. Butler, at the University of 
Reading March 28-29. The was 
attendod by approximately 150 people. Twenty- 
three communications were presented ; a considerable 
number of participants contributed in an informal 

manner to a stimulating and fruitful discussion. 

Studies in the fleld of protein synthesis, which are 
designed to elucidate some part of the mechanism 
by which amino-acids are linked to form peptide 
chains, have become numerous in the pest five years. 
Durmg this period research im this field reached the 
oe aes which a concern with the development of 
ciently simple biochemical systeme surtable for 
examinetion in viro superseded the employment of 
whole organisms for investigationa on the incorpore- 
tion of amimo-acids into tissue proteins. A similar 
trend hag also occurred in the fleld of studies on micro- 
organisms, the cell components of which can also be 
fractionated and their metabolic behaviour afterwards 
examined. In view of the large extent to which 
amino-acids are i into the proteins of the 
microsomes they are considered to be an important 
site of protein synthesis in the cell. In micro-organ- 


isms the cell membrane and particles inside it are 
assumed to be functionally analogous to the micro- 
somal structures found in cells of large organisms. 
Concurrently with the attention given to the problem 
of protein synthesis m and by microsomes some 
research workers have been able to make uge of other 
cytoplasmic components, the mrtochondria, to demon- 
strate that isolated mitochondria sare oapable of 
forming their own proteins. 

The success of metabolic studies on preparations 


yielded useful evidence on their structure aa well as 
on the effect on it of different procedures applied 
for their isoletion. It may here be said that one of 
the purposes of holding this informal discussion at 
this time was to provide an opportunity for investiga- 
tora of the dynamic as well as the structural and 
morphological aspects of protein synthesis to meet 
and i 


exchange views. 

The opening speaker (O. de Dave, Louvain) rightly 
dwelt at some length on the limits of resolving power 
of techniques of cell fractionation. This problem is 
of particular importance in the examination of the 
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locahzation of single enzymes, or of enzyme systems. 
Prof. de Duve discussed the resulta achieved by his 
group in applying the technique of centrifugation in 
a dengity gradient to the localization of enzymes in 
tissues. He also reported on another ap 
density equilibration, in a gradient. This 

Bale ae of camer iam ee ade 
separate them in a suitable medram. 

Electron microscopy bas been of much help m 
formulating hypotheses which would try to explain 
some aspects of protein synthesis. It was pomted 
out by M. 8. O. Birbeck and E. H. Mercer ndon) 
that whereas cells such as hepatic cells which synthe- 
gizo and secrete protein posseas an endoplasmic 
reticulum, that is to say, membranes covered with 
particles, cells which retain the synthesized protein 
appear to contain free particles o Efforte to 
correlate the site of synthesis with the location of 
particles or of the endoplasmic reticulum are made 
difficult by the existence of cell types in which these 
two pomte have Doce obeeryed tobe mdifferent perta 
of the cell, 

Many investigators have accepted the peuns 
having a diameter of 15 mp seen by electron 
microscopy in the cytoplasm of cells fixed with 
osmium tetroxide as the structural basis of microsomal 
nucleo-protem. V. Hanzon (Uppsala) has obtained 
evidence that these particles may nob exist in the 
living cell since they cannot be detected in pancreatic 
cells fixed by freeze-drymg and subjected to thé 
vapour of osmium tetroxide. These particles seemed 
to be formed rapidly by a change in tho internal 
milieu of the cell as it is affected by, for example, 
homogenization or fixation with oamium tetroxide in 
aqueous medium. Should this observation be con- 
firmed by examination of other cell types it would 
link up with the resulta of other investigations which 
have given evidence that there is no direct relation 
between the number of visible granules and the 
content of mbonucleic acid of the microsomes. These 

icles, now generally referred to 
examined in the 
as H. E. Huxley and G. Zubay (London) have shown 
in their studies using W. colt. Ribosomes from this 
organism were found to be able to exist in a number 
‘of different stable forms. They could be intercon- 
verted by changes in the composition of the medium, 
particularly in the concentration of free magnesrum 
ions. In addition these workers were able to examine 
- the offect of such changes under the electron mioro- 
scope. Thus, particles of size 50 S bave an ‘active 
face’ which becomes opposed to another 50 S or 30 S 
particle. Examination of 70 S particles showed them 
to be made of .two sub-unita which resemble 50 S 
and 30 & particles, ively. The pattern shown 
by ribosomal ribonucleic acid in X-ray diffraction 
photographs was compered by A. Klug, 7 T. Finch 
and K. C. Holmes (London) to that given by extracted 
ribonucleic acid. It was considered likely that ribo- 
nucleic acid from various mbosomes had its own 
characteristic configuration; in contrast, the con- 
figuration of spherical viruses was probably determ- 
ined by that of the protem framework. 

One effect of chloramphenicol on micro-organisms 
is to inhibit protein synthesis. 8. Dagley and J. 
Bykes (Leeds) were able to show that in W. cok 
exposure of the cells to chloramphenicol resulted in 
an acoumulation of abnormal species of ribosomes 
which are apparently useless for protein synthesis. 
If the antibiotic was displaced from such preparations 
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by magnesium ions, normal ribosomes of size 29 S 
were formed again. The resulta of an investigation 
of physical properties of ribosomes from the Jensen 
sarcoms were reported by M. L. Petermann (New 
York). The capacity of these nbonucleoprotem 
preparations to bind protein was found to depend on 
pH or the concentration of magnesrmm ions, and 
was observed to. be sensitive to changes m ionic 
strength. 
K. McQuillen (Cambridge) was able to report 
results of an extensive investigation which he and 
co-workers at the Carnegie Institution of Washington 
made on time relationships during protein synthesis 
cee col. Kinetico studies showed that the smaller 
PE T ware precursors to the larger. 
growth the ribonucleic acid and the 
structural protein of the ribosomes were found to be 
conserved. Regeneration of ribosomes occurred at 
an exponential rate m depleted cells; protein, how- 
ever, was syntheaired at a rate proportional to the 
ribosome content at any time. Evidence wae given 
that radioactivity from amino-acids passed through 
the ribosomes where it had a transient existence as 
@ protem before it appeared as a soluble protein. 
The use of ribosomes to study the mechanism of 
incorporation of amino-acids mto proteins hag been 
extended by A. Korner (Cambridge) to preparations 
obtained from rat liver. These ribosomes prepared 
by treatment of microsomes with deoxycholate were 
found capable of i mg ammo-scids on 
incubation in the presence of edenosine triphosphate 
and magnesium ions for more than 2 hr. 

Most current theories on the mechanism of 
synthesis require the presence of ribonucleic acid 
from two cytological sources: from the microsomes 
and from the cell sap (S-ribonuoleic acid). L. Bosch 
(Amsterdam) examined the metabolic behaviour of 
fractions obtained by passing ribonucleic acid through 
@ oolumn of ‘Ecteola’ ream. Only one of the four 
fractions obtained by stepwise elution of S-ribonucleic 
acid seemed to be involved in the tranafer of amino- 
acids to microsomes and of i from 
phosphorus-82-labelled S-nbonucleic acid to micro- 
somal ribonucleic acid. Conversely, only one of three 
fractions of microsomal mbonucleic acid wag found 
to be capable of accepting radioactivity from phog- 


‘phorus-32-lebelled S-mbonucleic acid. The part 


lay in protein 


which S-ribonucleic acid might p 
Koningsberger 


synthesis was also discussed by V. 

(Utrecht), who on, the existence in baker's 
yeast of small, car Lactivated peptides originating 
from activated amino-acids. 

F. Gros (Paris) gave an account of experiments 
in which an alteration in the composition of ribo- 
nucleic acid led to modifications in the biosynthesis 
of proteins. When the uracil analogue 5-fluoro- 
uracil was added to growing cultures of E. cols some 
proteins were found to have an altered 
amimo-acid composition. The synthesis of new 
specific protein could also be detected which differed 
markedly both in biological and physical properties 
from that under normal conditions. These 
effects appeared to be due to the changes in the 
mbonucleic acid alone because they also occurred in 
the presence of thymidine which would make unlikely 
the incorporation in place of thymine of 5-fiuoro- 
uracil or ita analogues. Another most promising 
development in the quest to shed light on the role 
of ribonucleic acid in protein, synthesis was discussed 
by E. M. Martin (London). The use of encephalomyo- 
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oarditia virus, a small ribonnueléic acid virus, which 
can be ted in viro withm Krebs IT monse 
ascites cells, may make it possible to demonstrate 
net synthesis of prote in. Veto eee 
Sets ada en malatie ee further chemical 
study. This system may also allow the study of the 
effect of previously modified viral ribonucleic acid on 
protein synthesis. Preliminary experiments demgned 
to examine the time course of events after infection 
of the host cell indicated that a marked inhibition of 
the turnover of ribonucleic acid, as measured by 
a of 6-carbon-14 orotic acid, was followed 

r O ec, ees eee T A ee 


° ‘Tho inoorparation of amino-acids in the protein of 
whole microsomes requires the presence of the so- 
called S-ribonucleio acid and of certain enzymes 
from the cell . However, evidence has been 
produced to show that in some microsomal prepara- 
tions the addition of these factors may be omitted 
whereas in others different enzymic extracts can 
replace these ‘pH-5 enzymes’ from the cell sap. M. 
Boljanakki (Paris) showed that a soluble enzyme 
preparation purified from Alcaligenes faecalis stimu- 
lated the incorporation of amino-acids into the 
protein of a particulate fraction from the same micro- 
organism. The same enzyme tion was capable 
of replacing S-ribonucleic acid and ‘pH-5 enzymes’ 
in a system suitable for the msorporation of amino- 
e sida mto microsomal protein from rat liver. This 
soluble enzyme preparation did not contain those 
activating enzymes which catalysed the exchange of 
adenosine triphosphate with pyrophosphate. How- 
ever, a transfer in the presence of this enzyme 

tion of orthophosphate from nucleoside 

hate to the homologous eee could 

eo chee eed ee aa of adenine, guanine, 
cytosine and uracil. If amino-acids wero added to 
this system the formation of peptides was detected. 
Although the link is not alear between the presence 
of enzymes which bring about the above-mentioned 
transfer of orthophosphate to nucleoside diphos- 
ability of this enzyme preparation 

tion of amino-acids into 

ins, it was of interest to have a report from 

.-P. Zalta (Paris) that he could detect this transfer 
in certam microsomal fractions from rat liver. They 
were obtained by the action on whole microsomes of 
See of the ee and arylalkyl- 

ore These fractions were observed to 
be Unable incorporating amino-acids into their 
Dotai nities Kad hon of BOSES gee oro 
the cell sap. 

The composition of ribonucle in fractions 
from the microsomes of rat liver has investigated. 
by P. Cohn and J. A. V. ye Tonn: Extraction 
with acid of these ribonucleoprote te 
revealed the presence of E orotate 
histones, contained about 25 cent of nye amino- 
acid residues but possessed a hi content of acidic 
residues than histones. Some observations on the 
process of incorporation of amino-acids imto various 
protein fractions of microsomes indicated that, in 
contrast to results obtained on the living animal, 
incorporation under conditions im vtiro apparently 
occurred to only a small extent in protein fractions 
which were not associated with ribonucleic acid in, the 
endoplasmic reticulum. Such a connexion 
extent and adie of incorporation into~microsomal 
fractions and the structural integrity of the mem- 
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branes of the reticulum, and the pomible enzymic 


poison phalloidin was observed to inhibit, under 
certain, conditions, the meoorporation into whole 
microsomes, but not into a ribonucleoprotein prepara- 
tion which wes derived from microsomes by removal 
of much li in material with the aid of a deterg- 
ent. P. Emmelot and E. L. Bennedetti (Amsterdam) 
were also able to report an inhibition of the ability 
of whole microsomes to incorporate amino-acids if 
the rate had previously been injected with dimethyl- 

Differences in the requirements for the inoorpora- 
tion of amino-acids into proteins of mitochondria 
and of microsomes were indicated by me epar of 
D. B. Roodyn (London). The addition of sap or 
of ‘pH-5 enzymes’ was found not to be ossential, nor 
was tho procesa of incorporation sensitive to ribo- 
nuclease. Bie Caneel eo O eset a 
protein, of various fractions obtained by differential 
centrifugation of mitochondria dituptod by trest- 
ment with @& non-ionic detergent was reported. 
M. V. Sim epen ee Harea) bar open ai 
chondria of both rat liver and calf heart to study the 
incorporation of ammo-acids into cytochrome c. 
Mitochondria from calf heart which maintained their 
ability to incorporate for periods up to 12 hr. per- 


the presence of amino-acids. 
thet amino-acids were inooporaied in into total protein 
of a supernatant fluid obtained from mitochondria 
subjected to ultrasonic treatment. 

Much of the available evidence shows that ribo- 
nudeio scid is in some 


acids and lipids mght be involved in the hieni oad 
of amino-acids and in protei synthesis. Mxtracti 
with organic solvente of the oviducis of lasing hens, 
or of the call wall and ribosomes of F. cols, revealed 
the presence of amino-acids which were bound to 
lipids in some way. A possible connexion between 
in synthesis and the occurrence of amino-acid- 
by the pattern of their 


aae AT D. Hunter Eondon), A 
that their propao would be consistent with those 
of a precursor of laballed protein. Other studies gave 
evidence that the primary site of protein synthesis 
was present in material which sedimented at com- 
peratively low speeds with the cell membrane, after 
osmotic lysis of protoplasta. A different approach to 
the problem of the mechanism of fool ae synthesis in 
Nisman, and H. 


tained little and the other no enzymes which catalyzed 

the between adenosine triphosphate and 
osphate. Both fractions, however, wero 
le - of-- readily incorporating amino-acids into 

totale re -P. Conn 
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NEWS and VIEWS 


British Assoclation for the Advancement of Science 

Tus July iasue of Advancement of Soience is note- 
worthy for a number of reasons. Besides articles 
on & variety of widely differing subjects by leading 
authorities, it provides enough information about 
the forthcoming Cardiff meeting of the Association 
(August 3]—Beptember 7) to whet the appetites of 
those who will be attendmg. There 1s to be a whole- 
day meeting freed from sectional activities when all 
members will be able to consider the bewildermg 
world food- pee problem. Speakers will 
molude Dr. Ei . Wright, Prof. D. V. Glass, Principal 
W. A. Lewis, Prof. Dudley Stamp, Sir Alexander 
Fleck, Prof. H. D. Kay and Prof. P. M. 8. Blackett. 
The needs of young people are to be provided for at 
Cardiff along simular lmes to the admirable junior 
British Association meetings which have been held 
during 1960 in Birmi Belfast and Sheffield. 
Besides illustrated lectures and a ‘brains trust’ there 
is to be a display of work being done in science 
classes in many Welsh schools. 


Ministry of Aviation : Mr. F. S. Barton 
Mrz. F. 8. BARTON retired on August 31, thus 
terminating some forty years in the public service, 
almost the whole of it in the radio fle He is the 
eldest son of the late Prof. E. H. Barton, of 
University College, Nottingham, who was the only 
lishman to work with Hertz in Bonn during 
1898, work for which he obtamed his doctorate of 
the University of London. F. 8. Barton was educated 
at Notti School and was a foundation 
scholar of 8t. John’s College, Cambridge. His Cam- 
bridge career was interrupted during the First World 
War by service with the Royal Naval Air Service 
Radio Experimental Unit at Cranwell. Returning to 
Cambridge in 1918, he obtained a first class m the 
Natural Sciences Tripos and rejoined as a scientific 
officer the Instrument Design Establishment at 
Biggin Hill, transferring to the Royal Aircraft Estab- 
lishment, Farnborough, in 1922. Mr. Barton con- 
tinued to serve there, his chief interest bemg m radio 
control of pilotless aircraft and radio research work, 
rising to be deputy head of the Department, until he 
left in 1041 to assume the appointment of director 
of radio engineering to the Britiah Air Commission 
in Washington. While there, he served on numerous 
joint British-American committees and was the 
vice-president during 1943 of the Institute of Radio 
i . Mr. Barton returned to Britain at the end 
of 1946 as director of communications development, 
becoming afterwards director general of electronics 
research and deyelo t at the time of the integra- 
tion of the Air and y sides of electronics research 
and development in the Ministry of Supply. In the 
autumn of 1955 he was posted to the U.K. High 
Commision in Ottawa to inaugurate on a more formal 
basis the interchange of research and development 
and production information between Canada and the 
United Kingdom im the defence field. While in 
Canada he was during 1954-56 the Council repre- 
sentative for the Institution of Electrical Engineers 
in the province of Ontario. 


Mr. C. J. Francis 


Mr. O. J. France hag been moted to 
def ecientilio-offloar in the Wintstey of AVRE 
and appointed to the post of counsellor (Defence 
Research and Supply) to the United Kingdom 
High Commission, » in succession to Mr. 
F. 8. Barton. He joined the Civil Service in 1939, 
and spent the War years in the Directorate of 
Communications Development, where he had re- 
sponsibilities for the ground radar chain, radar 
navigational aids, and blmd-bombing aids. Durmg 
1945—54 he wag at the Telecommunications Research 
Establishment (now Royal Radar Establishment), 
and was divisional leader m charge of development 
of ground search radars for both miltary and aivil 
applications. In 1047 he became superintendent m 

Airborne Radar Department, and was responsible 
for research and development of blind-bombing 
systerns, Doppler navigational aids, radar reconnais- 
sance systems, and airborne collision warning ; for 

of the time he was, in addition, head of the Blmd 
ing Experimenta] Unit at Martleaham. In 1954 
he was appointed to the British Joint Services Missions 
in Washington, covering the research and develop- 
ment programmes undertaken by the United States 
Services in the fleld of electronics. In 1957 he returned 
to the United Kingdom as assistant director of 
electronics research and development (air), which 
post he will relinquish on taking up the appointment 
in Ottawa. 
Mr. M. B. Morgan, C.B. 


Mer. Mony Bapronp Morgan has been appomted 
deputy controller of aircraft (research and develop- 
ment) m the Mimstry of Aviation. In this appoint- 
ment—which takes effect inm September—he will 
succeed Dr. W. Cawood, whose appointment as chief 
scientist to the War Office was announced m July. 
Mr. Morgan, who has been scientific adviser to 
the Air ini since July I, 1959, was barn 
in 1912 and educated at Rutlish, Merton, and 
at St. Catharine’s College, Cambridge. At Cam- 
bridge he obtained first-class honours in the Mech- 
anical Science Tripos and won the Seely Prize 
in aeronautics in 1034. After an apprenticeship 
with Mather and Platt, Ltd., he joined the Royal 
Aircraft Establishment, Farnborough, in 1935, where 
as a member of the Aerodynamics Department 
he was engaged on general flight research and 
development, specializing on problems of stability 
and control. He was appomted heed of the Aero- 
dynamics Flight Section at Farnborough m 1946, 
and m 1948 was made head of the newly formed 
Guided Weapons Department. He held this post 
until January 1954, when he took over as deputy 
director (air), Royal Aircraft Establishment, a post 
he held until 1959. In 1957 he was awarded 
the Silver Medal of the Royal Aeronautical 
Society for his contributions in the execution 
and direction of aeronautical research and de- 
velopment. He has maintained a keen interest 
in fiying—he obtained his pilots ‘A’ heence in 
1944, - 
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Animal Husbandry at Bristol: Prof. T. K. Ewer 


Pror. Tom Kuicuriay Ewur, at present professor 
of animal husbandry in the University of Queens- 
land, has been appointed to the newly established 
chair of animal in the Vetermary School 
of the University of Bristol. Prof. Ewer, who will 


take up his a intment early in 1961, was born and 
educated im land and emigrated to Australia. 
He bod in the Veterinary School of the Univer- 


sity of Sydney in 1937, having previ obtained 
the ELD.A. with honours ab the Ha 

cultural College. During the war years Prof. Ewer 
held appointments with the New Zealand Department 
of Agriculture and at the Oanterbury Agricultural 
College, and was engaged on work on nutritional and 
parastological problems of sheep. In 1947 he was 
awarded a Wellcome research fellowship by the 
Animal Health Trust which enabled him to conduct 
work on ovine rickets in the Institute of Animal 
Pathology at Cambridge, where he was awarded the 
degree of Ph.D. Prof. Ewer the appoint- 
ment he now holds in 1950 and was Dean of the 
Faculty of Veterinary Science in the University of 
Queensland for five years. In recent years he has 
carried out two assignments with the Animal Pro- 
duction, Branch of the Food and Agriculture Organ- 
ization—one in Venezuela, the other in Burma. Prof. 
Ewer’s list of publications is in the fleld of nutrition 
in the » his currents interest being in the use of 
sorghum si and various protein and non-protein 
nitrogen supplementa. 


National Academy of Sclences—Natlonal Research 
Council : Appointments 


Teas following intments as chairmen of 
divisions of the U.S. National Academy of Sciences— 
National Research Council have been announced : 


. Hepenshade, jun., chairman of the 

Department of Geography at Northwestern Univer- 

sity, a8 chairman of the Division of Earth Sciences ; 

Dr. Emil W. Haury, profeæor and head of the 

Gees aes logy at the University of 

chairman of the Division of Anthropology 

ae Pepsholoay : Prof. J. Barkley Rosser, professor 

of mathematics at Cornell University, as chairman 
of the Mathematioce Division. 


The Henry Bryant Bigelow Medal 


Tra first Henry Bryant Bigelow Medal for oceano- 
graphy has been awarded to the man it honours. Dr. 
Bigelow, one of America’s foremost marine scientists, 
was among the founders of the Woods Hole Oceano- 
graphic Institution. He was ita first director, served 
later as president of the Oorporation and is now 
chairman of the Board of Trustees. He is also pro- 
fessor emeritus of zoology at Harvard University, 
having taught there for nearly half a century, and is 
a research oceanographer and former ourator of the 
Museum of Comparative Zoology at Harvard. The 
Bigelow Medal was established earlier this year by 
the Trustees of the Oceanographio Institution without 
the knowledge of their chairman. I+ is designed with 
a likeness of Dr. Bigelow on the face and the Institu- 
tion’s first and most famous research veasel, Adlanits, 
on the back. With it.go a citation and a cash prize 
of 2,500 dollars. Tete: to be awarded. from time te 
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o 
time to those “who make significant inquiries into 
the phenomena of the sea”. ° 


Cloud Pictures from Satellite Tiros | 


Tua March issue of the Monthly Weather Review, 
published by the U.S. Weather Bureau (on June 15), 
contains a number of fascinating photographs of cloud 

taken from the satellite Tiros during April 
1960. The height of the satellite varied between 436 
and 460 miles. The photographs are of the cloud 
systems of temperate-zone depressions over the 
Atlantic, Pacific and Mediterranean and a tropical 
cyclone north of New Zealand. The synoptic charta 
are printed alongside, and the correspondence between 
the cloud belts and the familiar curved fronts of the 
weather maps is moet striking. The photographs 
show three major syatems, the cloud belta within the 
systems, and cloud areas within the belts. Both single 
photographs and mosaics covering large areas are repro- 
duced. There can be no doubt that cloud photographs 
tranamitted from artificial Earth satellites will be a 
major tool of the weather forecaster of the futare. 


Intergovernmental Conference on Oceanographic 

Research 

ScrentisTs and government officials from thirty- 
four countries meeting in Copenhagen during July 
11-16 at the invitation of Unesco have agreed to 
place the whole subject of oceanography on an inter- 
national footing. the importance of 
Oceanographic research for the world as a whole, 
they recommended that Uneco set up a perm- 
anent intergovernment oceanographic commission to 
organize concerted action by States and by inter- 
national bodies. Hitherto, the main obstacle to the 
np SES of oceanographic research has been the 
lack of qualified oceanographers. Oceanography has 
been somewhat of a poor relation the various 
branches of science and the number of laboratories 
and university courses devoted to it is relatively very 
small. Oceanography now requires large-scale inter- 
national co-operation. The Conference therefore 
recommended a number of measures, the chief of 
which is that an imtergovernment oceanographic 
commission be set up and work with a special Office 
of Oceanography within the Department of Nataral 
Sciences of Unesco to co-ordimate research on a 
permanent basis, the Commission meeting, in prin- 
ciple, once a year. This is subject to approval by the 
82-nation General Conference of Unesco which 
meeta in Paris next November. 

The shortage of oceanographers, considered as one 
of the main obstacles to oceanographic research, led 
to the recommendation that the number of fellow- 
ships financed by Unesco be appreciably increased 
so as to offer greater facilities for such 
specialista, particularly for those countries in which 
oceanography is little developed and which wish to 

te in oceanio research. Such trainmg should 

include participation. in organized by the 
various countries or by Unesco and in short lecture 
courses or training courses m research institutes and 
institutions of higher education. Unesco is also asked 
to organize a conference to discuss the means of 
Aonta teaching in the marine sciences in univer- 
. Because the training of oceenographers is so 
mart the Conference recommended that the money 
proposed in Unesco’s budget for 1961-62 for the 
‘operation of an international oceanographic vessel be 
used for other training activities. Other steps towards 
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international co-operation recammended by the 
Conference in a series of resolutions are the standard- 
ization and intercalibration of methods and equip- 
ment—such as the sixes and types of neta and the 
techniques used in the collection of plankton; the 
collection and exchange of oceanographical data ; 
and the organization of jomt research programmes in 
specified regions by gro of countries, such as that 
planned for the Tadka Osea The Conference also 
asked Governments and international organizations 
to take immediate steps to prevent pollution by 
radioactive material and to intensify ir research 
programmes in this field. 


Cosmic Radiatfon Studies In South America 

Tur Latin American Council of Cosmic Radiation, 
with members from Argentina, Bolivia, Brazil, Chile, 
Mexico, Peru, Puerto Rico and Venezuela, met during 
August 1-3 at the Centro Brasileiro de Pesquisas 
Fimeas m Rio de Janeiro. Observers representing 
the International Union of Pure and Applied Physics 
and Unesco were also present. The was 
called and organized by Unesco’s Centre of Scientific 
Co-operation for Latin America, Montevideo. The 
Council decided to orgamsze a brief course of three 


late in June 1961. 
the following topics : composition of primary coamic 
radiation, physica of interplanetary plaama, solar 
physica, time variations, extensive air showers and 
theory of geomagnetic effects. An effort will be made 
to secure the participation of physicists from other 
than Latin American countries in these seminars. 
The Council hopes to send ee 

ons for ts can e 
a a a e and Eal alia Bei 
e Council attending the Rio meeting were 

Dr. Narayan 
Nerurkar (Bolivia), Soh 
(Brazil), Prof. Gabriel Alvial (Chile), 
8. Vallarta (Mexico) and Prof. Manuel Bemporad 
(Venezuela). Observers present were Prof. Gabriel 
Fialho (International Union of Pure and Applied 
Physics), Dr. Angel Eatablier (Unesco), Prof. Gleb 
Watagbin (University of Turin) and Prof. Gianpietro 
Puppi (University of Bologna). Prof. Vallarta acted 
as chairman. 


Foss! Meteorites 


ADDITIONAL information is provided by B. I. 
Vronsky (Priroda, 9, 116; 1959) on the probable 
‘fossil meteorite’ (Nature, ‘184, 1026; 1959). This 
meteorite was discovered in November 1957 in the 
valley of æ small river, Zarya, a tributary of the 
Susuman River, iteelf a tributary, Berelekh, Magadan 
district of Siberia. This meteorite, which received 
the name ‘Susuman’ and which weighed about 
19 kgm., was discovered at the base of an alluvial 
deposit consisting of gravels and mud. Thus, in age 
it ig assumed to be Post-Glacial and about 15-20 
thousand years old. It is only now that it has 
been mads known that in this region, a few years 


ite, ‘Mal’dyak’, was discovered at a depth of 
46 m m vols of the River Mal’dyak situated 
28 km. to south of Susuman. In 1941 the iron 
meteorite ‘Burgavli’, weighing 24-9 kgm., was found 
in the gravels of the River Adachi, a right tributary 
of Yana River. These three meteorites are now being 
studied in detail. 


NATURE 


EAE 


August 20, 1960 vou 187 


Industria! Health In Britain 


Mr. R. Cann asked in the House of Commons 
for a statement about the devel of Industrial 
health services in Britam. The of Labour, 
Mr. E. Heath, said in reply saga a ane 
development of such services is under consideration 
by the Industrial Health Advisory Committee. 
AA week, ere EAT in. tha ucts 

ial workers are contained in the Factories 
Acts and Regulations, which are constantly being 
revised and extended. In addition, many firms 
voluntarily provide medical and nursing services, 
and to encourage more employers to do so, a booklet 
18 to be published later this yeer giving details of the 
cost of some of these services, together with the 


views of management and work-people about them. 
Group schemes have also operated 


81 and Harlow, and we now need to explore the 
tee Oe es ere ne aes 
of a different kind. is the further use 


A A GE uae y mando: srice 46 
carry out chemical, physical and biological tests 
where special hazards est or are The 


an organization to collect information about 
ensia facilities regularly and to make it available 
to employers. He had discussed further action with 
the Nuffield Foundation, which has had considerable 
experience in promoting industrial health schemes, 
and the Trustees of the Foundation are allocating 
a for the further development of group indus- 

trial health schemes and industriel hygienic schemes. 
The money will be used to agaist practical schemes 
which promise to become self-supporting, and in 
selecting such schemes the Foundation would work in 
the closest co-operation with the Ministry of Health. 


Preparing Teachers for Health Education 


Huatra education is not always recognized as a 
discipline of ite own and given ite appropriate place 
in the training of teachers. A report of a jomb World 

th Expert Committee 

Technical Report 


1960. 1s. $d.) provides a flexible 


ugh 
of instruction but also through the teacher's actual 


ving 

tunities for imparting it, both directly and by the 
part he can play in the school health services and in 
planning a healthy school. To enable him to make 
the most of his he must have some 
knowledge of growth and development, personal and 
community health, health practioe in schools, and 
methods of health education. The report discusses 
these subjecta, the future teacher’s life as a student 
m relation to his opportunities for health work and 
to health services for students, practice teaching and 
the education he acquires sa a fully-fledged teacher. 
Other sections deal with p 
teachers in health education, the 
person in each training institution boing earns for 
co-ordination, of courses and activities in health educa- 
tion, and possible fature national and international 
developments, studies and research in the subject. 
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The Research Defence Soclety 


Se ee DOET o Pone 
factual information in readily aæsimilable forms on 
‘explosive’ topics like immmirstion, vaccination and 
animal experiments continues with an excellent 
pamphlet on vaccination against whooping cough, 
diphtheria and tetanus (Conquest 

Research. Defence Society, 11 Chandos 
dish Square, London, W.1. 6d.). The methods of 
immunization against these three conditions and the 
problems arising in connexion with the are 
considered together for two reasons: the first is that 
protective Injections against these diseases are now 
usually given, earlier in life than are most others ; and 
A OERE E EE E r 


put 
objectively, and include information ioh indicates 
where ventive medicine may not always have 
been, ive. The should be widely dis- 
tributed in maternity and child welfare clinics. 


Genetic Recombination in Salmonella typhimurium 
occurring during Transmission of Colldnogeny 
An interesting item im the annual report of the 

Lister Institute for 1960 is an investigation by Drs. 

Oreki and Howarth into the recombination of chromo- 

somal genes in systems in which colicinogeny is being 

transmitted. Their results indicate that, m about one 
peiring in a million, genes 

the bacterial chromosome (for example, genes regu- 
ee various -biosynthetic regen eat for 
resistance to streptomycin) o ination. 

Recombinants can be detected in small numbers 

whenever ocolicinogeny-1 is being transmitted at 

high frequency, and in larger numbers when colicino- 
geny-H1 is also being transmitted. Many pairs of 

genes cannot be simul transduced by a 

ee phage pane probably pee they are not 

ose together in the bacterial chromosome, only a 
eee a Geen OF whi wee cal A 
Pk igen phage oF spperenly A number of crogses involving 


ig tie maniy: daoo 
Od ee as See Oe T 
was found to have received both pairs of genes oon- 
cerned from the strain which was transmitting 

colicinogeny. This guguesta thet; th thia new kind of 
hybridization, either the whole or ab least a large 


strain, i 

phage-mediated transduction. It seems likely that 
the new method of hybridization may prove of great 
value in the ment of the genes 
along the whole length of the Salmonella chromosome, 
a problem which could not be investigated with the 
previously available method of hybridisation by 
phage-mediated transduction. 

Nature Conservation In East Anglla 


A sooxuat, ‘Nature and Conservation in East 
Anglia”, produced on the occasion of the Duke of 
‘a visit on July 8, 1860, describes briafly 

the work of the Conservation Corps of the Council 
for Nature in ing sorub for the National Trust 
at Wicken Fen, the Nature Reserve at Havergate 
Island and Orfordneas, and the work of the Field 
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believed to be located in’ 
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Siudies Council at Flatford Mall (pp. 16. ‘London : 
The Council for Nature, 1960). This attractive 
booklet also brief accounts of the work of the 
Counsil for Nature and the Royal Society for the 
Protection, of Birds as well as of the Nature Con- 
servancy, and is well designed to mote public 
awareness of our heritage of wild life and the need 
to conserve it more effectively. 


Darwin’s Notebooks 


Ix Part 3 of ‘Darwin's Notebooks on Trans- 
mutation of Species”, Sir Gavin de Beer shows that 
the contents of the “Third Notebook” owe nothing to 
Malthus’s work (Bull. Brit. Mus. (Nat. Hist.), His- 
torical 2, No. 4. London, 1960). “It is therefore of 
great importance to note that Darwin hit on the 
principle of natural selection independently. After 
a consideration of changes resulting in the formation 
of new species, he wrote: ‘All this agrees well with 
my view of those forms slightly favoured getting the 
upper hand and forming species’. ” Darwin himself 
realized the historical importance of these lines, 
because at a later date when he looked through his 
“Notebook”, he wrote at the head of it: ‘Towards 
close I first thought of selection owing to struggle”. 
How the stimulus of Malthus’sa book put Darwin on 
the scent of natural selection is well brought out in 
this edited version of his ‘Third Notebook”. 


Lancaster Royal Grammar School Natural History 
Sod 


ety 
THs extra-mural duties involved m running a4 
rap ere alt wb care 
the masters and boys concerned. Lancaster Royal 
Grammar School may be rightly proud of ita Natural 
History Bosiety, w. hich has recently celebrated ita 
twenty-first anniversary. The society periodically 
ee ee 
New Biologian, the contributions include articles by 
the masters and boys, records of the Society’s 
activities, etc. The articles include descriptions of 
biological stations and field study centres and show 
the value of these in awakening genuine interests 
among the participating studente. One clear differ- 
ence emerges from the journal and those of natural 
history societies established in boarding schools: 
almost invariably in the latter their journals contain 
some record of original work by boys. Biology 
masters in grammar schools would do well to examme 
them. 


The Korsakov Journal of Neuropathology and Psychiatry 
ABRANGHMANTS have been completed for the 
smear deere of an English translation of 


ee the well-known Soviet period- 
ical, The orsakov Journal of Neuropathology and 
Psyohtairy. The edition will begin with the 


first iasue of 1960, and will contain English abstracta 
of all articles not translated. The translated journal 
will be published by Pergamon Press, and Dr. W. 
Ritchie Ruasell (Oxford) will act as English editor. 


American Soclety for Cell Blology 


A qsour of cell biologists met in New York on 
January 9 and again on May 28 of this year, and 
organized a new society, the of which is to 
further the development of call biology and to 
improve communication among scientists representing 
diverse disciplines. Membership is expected to include 
biochemista, biophysicista, cytologista, histologista, 


650 


microbiologists, physiologists and others having in 
common an interest in the cell. The organization has 
been named the American Society for Cell Biology. 
Apphoations to join the Society should be sent to 
Dr. Montrose J. Moses, Box 2982, Duke University 
Bchool of Medicine, Durham, N.C. Membership 18 
not restricted to residents of the United States. 


Maccabæan Prize and Medal 


TueovugH the generosity of the Macoabeans, the 
Faculty of the History of Mediome and Pharmacy of 
the Worshipful Society of Apothecaries is able to 
offer an annual prize of not leas than 25 guineas, with 
a bronze medal, for the best original essay on a 
subject connected with the history of medicine or 
phernady written by an undergraduate or graduate 
ees than thirty years of age. Further information 
can be obtained from Dr. F. N. L. Poynter, The Well- 
come Historical Medical Library, 188 Euston Road, 
London, N.W.1. 


Research In Biochemistry and Allled Sciences 


A Cor~oquium on the Organization and Fman- 
cing of Research in Biochemistry and Alhed Sciences 
is to be held under the jomt auspices of the Bio- 
chemical Society and the Britush Association, in the 
Physiology Institute, Newport Road, Cardiff, on 
September 7 (the last day of the British Association 
meeting) at 2 p.m. It ise that the following 
speakers will take part : Prof. John Pryde (chairman), 
Prof. A. Haddow (British Empire Cancer Campaign), 
Dr. F. J. O. T me sae ednee tL red 
Wiliam Slater (Agricultural Research Council), Mr. 
O. Jollife (De t of Scientific and Industrial 
Research), Dr. G. F. Marrian (Imperial Cancer 
Research Fund), Prof. F. C. Happold (University of 
Leeds), Dr. F. A. Robmson (on behalf of industry), 
Dr. J. B. Bateman (U.8. Embassy, London), Prof. 
A. Neuberger (St. Mary’s Hospital Medical School). 
The Colloquium x bemg organized jomtly by Dr. 
K. 8. Dodgson, Phymology Institute, University 
Oollege, Newport Road, Cardiff, and Dr. W. J. 
Whelan (meeting secretary of the Biochemical Society), 
from whom particulars can be obtained. 


The Night Sky In September 


Font moon occurs on Sept. öd. 11h. 19m. V.T., 
and new moon on Sept. 20d. 28h. 18m. Ths following 
conjunctions with the Moon take place: b. ld. 
08h., Saturn 4° S.; Sept. 12d. Olh., Aldebaran 
0-2° S.; Sept. 18d. 10b., Mara 5° N.; Sept 23d. 
22h., Venus 8° 8.; Sept. 27d. 10h., Jupiter 5° 8.; 
Sept. 28d. 14h., Saturn 4° 8. In addition to those 
conjunctions with the Moon, Venus is in conjunction 
with Spica on Sept. 20d. 22h., Venus being 3° N 
and Mercury with Spica on Sept. 26d. 16h., Mercury 
bemg 1° N. There will be a total eclipse of the Moon 
on, September 5 and a partial echpse of the Sun on 
September 20-21; both eclipses will be mvisible at 
Greenwich. There were two eclipses in March of this 
year, making in all four in 1960. As 1s usually the 
ee Ween ae 
pee m pairs about mx months apart. Mercury and 

enus are too close to the Sun for observation. Mars 
riseg at 22h. 15m., 2th. 50m. and 2th. 20m. at the 

, middle and end of the month, respectively. 
It is m Taurus at the begimmmg of September and 
moves into Gemmi on Sept. 20. Mars is rapidly 
becoming brighter, ite stellar magnitude being +0-5 
and rts distance from the Kerth 106 million miles in 
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the middle of the month. Juprter sets at 22h. 40m, 
21h. 50m. and 20h. 65m. on September 1, 15 and 30, 
respectively ; it is m Ophruchus, but conditions are 
not very favourable for observation. Its stellar 
magnitude is —1-:8 and ite distance from the Earth 
on September 15 is 470 million miles. Saturn ig in 
Sagittarius, east of Jupiter, and sets at Oh. 00m., 28h. 
05m. and 22h. 05m. at the beginning, middle and 
end of the month, respectively. It is stationary on 
September 15 and afterwards resumes eastward motion 
among the stars. Ite stellar magnitude is +0-6 and 
ite distance from the Earth in the middle of the month 
is 890 mullion miles. Occultations of stars brighter 
than, ttude 6 are as follows, observations being 
made at Greenwich: Sept. Od. 4h. 45-Im., & Cet. 
(D); Sept. 12d. lh. 14-3m., 89 Tau. (R); Sept. 12d. 
th. 21-8m., o* Tau. (B); Sept. 18d. th. 05-Om., 
117 Tau. (R). D and E refer to disappearance and 
reappearance, respectively. The autumnal equinox 
occurs on Sept. 23d. Olh. 


Announcements 

Mer. M. D. TAYLOR, of the Department of Chemical 
Engineering, King’s College, University of Durham, 
has been awarded a CJB Scholarship, of the value of 
£450 per annum, for two years m the first instance. 
This scholarship scheme, administered jomtly by 
Constructors John Brown, Ltd., and the Institution 
of Chemical Engmeers, 18 to encourage research in 
chemical engmeermg and, in particular, m chemical 
plant demgn. 

An International Symposium on Photoelasticrty 
will be held during October 29-31, 1961, at the 
Ilinois Institute of Technology, Chicago, Dlmois. 
Further mformation can be obtained from Dr. 
Paul D. Flynn, Ilinois Institute of Technology, 
Chicago 16, Dlinois. 

A syMPosruM on Redox Processes will be held at 
the Chemical Laboratories, University of Allahabad, 
under the auspices of the Ohemical Research Com- 
mittee, Council of Scientific and Industrial Research, 
India, during January 1961. Further information 
can be obtamed from Dr. Satya Prakash, Depart- 
ment of Chemistry, Universrty of Allahabad. 


A OONFHRENGE on Diffraction will be held durmg 
November 9-11 at the Mellon Institute, Pittsburgh, 
Pennsylvania. Sessions will be devoted to metals and 
alloys, instrumentation, structures, polymers and 
fibres, refractories, electron probes and electron 
diffraction. Further information can be obtained 
from L. F. Vaasamillet, Mellon Institute, 4400 Fifth 
Avenue, Pitteburgh 18, Pennsylvania. 


Tas Instituton of Hlectronics, with the oo- 
operation of the Hull Electronic Engmeermg Society, 
is to hold an Electronics and Instruments Exhibition 
and Convention at the Farmery Hall, George St., Hull, 
durmg the period September 28-80. Admission will 
be free of charge and by tickets obtamable from 
exhibitors, or from W. Birtwistle, General Secretary, 
Institution of Electronica, 78 Shaw Road, Rochdale, 
Lance., or from C. W. Wyan, Honorary Secretary, 
Hull Electronic i Society, 2 Lockton 
Grove, Calvert Road, Hull, Yorks. 

Erratum. In the communication entriled ‘Struc- 
ture of B-Acylacrylic Acids’, by Prof. Nils Helistrom, 
in Nature of July 9, p. 146, the description of the 
ordinate of Fig. 1 is meorrect; for “Acid/godram 
hydroxide” read “Sodium hydroxide/acid”’. 
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THE FOURTH INTERNATIONAL GOITRE CONFERENCE 


HERE is a growing body of opinion in favour 
the 


devoted to more specialized topicg. At such meetings 
there should be better opportunity for expert dis- 
cussion of communications, leas overlapping of pro- 
grammes and, above all, a chance of seeking out and 


of the Fourth Inter- 
national Goitre Oonference held in London during 
July 4-8. In all, about 600 endocrinologist, clinicians 
and biochemista, drawn from more than forty coun- 
tries, took part. More than a hundred papers were 
delivered, and a book of abstracta of about 500 words 
each, in four languages, was provided at the time of 
registration. 

A very large part of the subject-matter reported at 
the Conference was devoted to endemic goitre, and 
papers were read which surveyed its incidence in 
various parta of the world, the genetic aspects of the 
subject, and the part which goitrogens and other 
factors might play in its etiology. That iodme 
deficiency, in the opinion of Perinetti e al. and Kicio 
et al., is the most important cause of endemic goitre 
waa shown by the reliable effecte which iodized salt 
had brought about in the disappearance of the oon- 
drtion in such different areas aa i i 
and Gornja Joganica in Yugoslavia. On the other 
hand, Kilpatrick s al. suggested that iodine 
probably plays only a part in the development of 
goitre in an area to the west side of Sheffield, which 
was compared with a coastal district near Edinburgh. 
Although the iodme content in the water supply in 
the two districts ia not dissimilar, there was a higher 
incidence of goitres in Sheffield. More fish was oon- 
sumed in Sootland. It was further noticed that there 
was a definite familial linkage in the disease. An 
examination of the iodine content of goitrous thyroids 
did not reveal consistently low values as 
with normal thyroids. Observations of the seasonal 
incidence of goitre in sheep and cattle and the 
similar seasonal variation in anti-thyroid activity of 
milk (even in dried milk) suggests that though 
ee ee ee 

Sere may also be & con- 
tributory factor 


Similar views were put forward by Costa et al., who 
conclude that endemic goitre is a procem which goes 
beyond mers akaraton tn thyroid function kad that 
it is not a simple adaptation by the gland to iodine 
shortage. In a very careful examimation by Koenig 
in Switzerland of nineteen endemic cretins, ranging 
in ages between 48 and 93 years, a number of 
interesting facts arose. It ia difficult to find cretins 
born in Switzerland after 1910, which is at loast ten 
years prior to the inception of iodine prophylaxis. 
Results of determinations of protein-bound iodine 
and the uptake of thyroidal iodine-181 show wide 
individual variation. In mogt cases these values were 
low, but in some they were normal and im others 
high. Some cretins responded well to exogenous 
thyroid-stimulating hormones, while others did not. 
The basic metabolic rate was a most unreliable 
indication of the state of affairs. 


Caasano sé al. believe that iodine defloiency may 
arise from excegsive renal loss. They found that a 
high rate of excretion of iodine normally occurs in 
puberty and pregnancy and, significantly, in Ouah- 
ing’s disease and acromegaly, suggesting a hormonal 
basis for the increased renal excretion. ee ie eee 
most active on renal clearance of iodine is aldosterone. 
In any areas where iodine deficiency is likely, in- 
creased renal clearance of iodine, se in pregnancy and 
puberty, ear i the development of goitre. 

A number of Brassioas are goitrogenic when fed to 
animals. Astwood e al.’ isolated 1-5-vinyl-2-thio- 
oxazolidone (goitrm) from yellow turnip, but this 
cyclized derivative of an tscthiocyanate does not 
exist as such in the plant but is formed enzymically 
from progoitrin, identifed by Greer as a mustard oil 
gtyooside. It is now reported (Greer et al.) that the 
conversion to goitrin can be acoomplished by micro- 
organisms in the animal gastrointestinal tract. Both 
cooked and raw brassicaceoys vegetables are therefore 
ponema goitrogenio, the effect being an iodine- 
1 one. 

Endemio goitre is not always associated with a 

of iodine in the soil and a relation to 

has been . Thus, in Tasmania en- 

demic goitre occurs and it has been shown that cows 

fed on the braæica ‘chou-mallier’ secrete an active 

goitrogen in their milk which is consumed in quantity 

by school children. Pekola sb ads a somewhat 
similar eituation from Finland, where 
areas exist. Recently published 

lard and Trikojus* go far to elucidate this problem. 


abundantly i 
contain 6 gtyooside of cheiroline (y-methyisulphonyi- 
Cheiroline bad a variable 


gesting ita possible transformation into an effective 
gottrogen in the animal body. Incubation of cherroline 
‘with cows’ ruminal contents afforded sym-di-cheiroline 
thiourea (OH,80 ,[CH,},NH),O=8. This interestmg 


Dimitriadou et al. believe that there may be a 
defective synthesis and storage of fully iodinated 
hormones in some caseg of non-toxio goitre and that 
this might be due to a defective iodinating mechanism. 
By means of their ‘supplemented iodme-1381 test’ it 
was possible to calculate the amount of iodme-127 
available to the thyroid, the rate at which iodine-1381 
became fixed organically into the various iodinated 
amino-acids in the gland, and also to estimate the 
size of the thyroid iodine stores. Results indicated 


patients with thyrotoxicosis, those with non-toxic 
goitre (with or without avid of iodine) and 
euthyroid individuals. Stores of iodine compounds 
in the thyroid were diminished in cases of non-toxic 
goitre and the rate of transfer of iodine-131 mto 
heavily iodinated compounds, that is to say, diiodo- 
tyrosine and the iodinated thyronimes, was slower in 
such persons. This defective or slowed iodinating 
mechanism can be ted for, however, by 
iodato kaop londi oven ioden by nimal weadeede, 
these persons were not defloient of iodine in the diet. 
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A nuntber of authors reported studies in which 
family pedigrees were exammed to discover the 
incidence of abnormal thyroid behaviour. Fraser et 
al. and Thould and Scowen reported on the condition 
known as Pendred’s syndrome, the main features of 
which are bilateral deafness, observed early in life, 
and gutre developing from about eight years onwards. 
The defect, which is probably congenital lack of a 
peroxidase enryme system in the thyroid, results in 
madequate organic binding of iodine. The condition 
is rare, and genetic data suggest that the syndrome 
18 inherited in a recessive manner. 

Other genstio studies were reported on simple 
goitre. One of 250 individuals was studied 
(Van Wyk et al.) which suggested that the occurrence 
of goitre in this family was a simple dominant trait 
which is more commonly overt in the female. Sero- 
logically there was a characteristic abnormality which 
consisted of a protein-bound iodinated constituent 

migrating electrophoretically with the albumin 
fraction. Other studies in a different family provided 
evidence of defective peripheral dehalogenation of 
10dotyrosmes. 

Elucidation of the process of biosynthesis of ite 
hormone by the thyroid gland hes proved to be a 
peculiarly baffling problem. The process may be 
divided mto the threo stages of concentration of 
iodide fram the blood (the ‘trapping’ mechanism), 
iodination of thyroglobulin and release of thyroxine 
or triiodothyronine from the gland. Such a sub- 
division, although convenient, is somewhat arbitrary 
since it becomes increasingly clear that the meta- 
boliam of iodine must be oonsidered within the 
thyroid gland as a whole. 

Thiocyanste and perchlorate are both known to 
prevent the accumulation of radioiodine by the 
thyroid. Wollman and Reed reported experiments 
designed to ascertain whether thiocyanate oan, in 
addition, affect the iodination process and involving 
measurements of the binding-rate and thyroid/serum 
ratio (T/S) of injected radioiodide computed for differ- 
ent levels of serum thiocyanate. If two thyroidal com- 
partments, an iodinating and a non-iodinating, 
respectively, were envisaged and the conoentration 
of radioiodide in the latter was assumed to parallel 
that of serum, bmding-rate constanta became inde- 
pendent of serum thiocyanaie-levels, conmstent with 
the hypothems that thiocyanate acta solely by 
decreasing the concentration of radioiodide at the 
binding site. 

P orate is excreted virtually unchanged (Lew- 
tbus et al.). Administration of K™*Cl40, showed that 
it is distributed in the body as ia the iodine ion, being 
similarly concentrated in the thyroid gland. The 
supposed antagoniam between perchlorate and iodide 
18 of a competitive nature. These two ions have 
nearly the same ionic volume. Monofiucrosulphonate, 
diflucrophosphate and fluoroborate also have approx- 
imately the aame ionic volume and are isoelectronic 
with perchlorate, and tmal shows that they also 
inhibit the uptake of iodine by the thyroid. These 
studies lead to the conclusion that the ‘trapping 
mechanism’ may be merely a specifically adapted 
protein with a spatial ent that will chelate 
those ions which will fit into its spatial structure. 

The synthesis of thyroglobulin in the mouse has 
been followed autoradiographioally after injection of 
labelled leucine (Nadler et al.). Maximum activity 
was seen in the eprthelium within 0-5 hr., followed. 
by a decline as activity rose in the colloid (maximum 
in 85 hr.). Theee results are interpreted as indicating 
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synthesis of a pre-thyroglobulin in the epithelium 
followed by secretion as thyroglobulin into the colloid, 
where it is iodinated prior to breakdown and release 
of thyroxine and ammo-acids. The number of celle 
in the epithelum controls the rates of these processes. 

De Groot reported upon the early stages of tn vitro 
hormonogenesis in sheep thyroid alices and in living 
rats. A homogenate of the thyroid tissue was separ- 

ated into mitochondrial, microsomal and soluble 
fractions which were then analysed. Soluble fraction 
protein-bound iodine-131 as per cent of total protein- 
bound iodine-131 increased rapidly, then plateaued 
and was apparently all thyroglobulin. No thyroxine 
was identified in slice homogenates. It seams that 
in the iodination of thyroglobulin, iodine-181 may 
be transferred from a Baad eee fraction. 

There is still much discussion concerning the 
poasible role of a thyroid peroxidase in omdizing 
iodide to iodine available for iodination. This 
chemical reaction can oocur in viro and therefore 
seems attractive, but it will be recalled that, among 
others, Glock* has severely criticixed the evidence 
Pp ing to show the presence of a true peroxidase 

thyroid gland. Alexander ta that thyroid 
and salivary gland homogenates oxidize iodide in the 
presence of hydrogen peroxide added aa such or 
generated by auto-oxidation of flavm. Catalase or 
anaerobiosis prevents flavin activation. The iodine 
formed by oxidation will iodinate tyrosine and to a 
læser extent histidine, but the ed natural 
acceptors, thyronine and di- and tri-iodothyronine, 
are noi iodimated by this system. 

That biological idauiation may, in faot, be brought 
about by a different mechanism is by & 
most in communication from oof and 
Scodak. These authors bad previously demonstrated 
the desulphuration of sulphur-35-labelled thiourea 
sg a cytoplasmic particulate system of thyroid. 

iouracil and thioacetamide are similarly desul- 
phurated, the products being about 50 per cent 
protein-bound sulphur-35, 27 per cent thiosulphate, 
10 per cent sulphate and 10 per cent an unknown 
compound. The protein-bound sulphur-35 is non- 
dialysable and stable to said, but 80 per cent of it ia 
displaced by such alkalme reagenta as cyanide, 
sulphite, sodium hydroxide or by thiols such as 
cysteine, reduced glutathione and diethyldithio- 
carbamate. The desulphuration of thiourea is strongly 
inhibited by sulphite and cyanide, ee anions 
which are known to split disulphide forming a 
thiol and an 8-alkyl thiosulphate or alkyl thiocyanate, 

ty. Using Na,**80,, it is found that it also 
forms protein-bound sulphur-35, which is quantita- 
tively and qualitatively similar to that arising from 
labelled thiourea. The resulta suggest that both redot 
with thyroid protein disulphide bonds forming è new 
mixed disulphide linkage aa follows : 


Thyroid Prot. yroid Prot. Thyroid Prot. 


laa el 
: i 


H,N—_—0=NE 
Free sulphydryl ps do not play a part in the 
desulphuration of (oaren simos pre-inoubation with 


SH reagentas is not inhibitory. Parallel observations 
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on the iodination reaction in this # vttro system 
suggest that a disulphide bond may be involved in 
the formation of an active iodinating termediate. 
Hence, cleavage of an 8—S8 bond in thyroid tissue 
by thiourea may be a factor in the inhibitory action 
of this compound. The desulphurating effect appears 
to be specific since it did not occur with liver tissue 
ons. 

Anti-thyroid drugs are not only of great therapeutic 
value, but also the study of their action continues 
to throw light upon the mechanism of biosynthesis 
of thyroxine, as the last-mentioned contribution 
clearly shows. For the medical treatment of thyro- 
toxicosis in the United States, according to MoClintock 
and Gassner, propylthiouracil, 1-methyl-2-mercapto- 
imidazole and 5-iodo-3-thiouracil are most commonly 
used, while the British ‘Carbimazole’ has only been 
introduced there during the past year. The trend is to 
use these drugs for pre-operative preparation although 
their use as the fale method of curative therapy still 
has adherents. The first three have been compared 
for involutional activity. 5-Iodo-2-thiourasil appeared 
superior and gave leas trouble during subsequent 
surgery. All the compounds are, however, associated 
with toxo reactions (4-8 per otnt). It may be men- 
tioned in this connexion that one of the advantages 
of ‘Carbimaxole’ is ite comparatively low toxicity. 

The mode of action of anti-thyroid drugs has been 
investigated by Rimington. Recent work shows that 
where thiol « thione tautomeriam is possible, involv- 
dha acs te ie on aceon nt ca 

e farm (h; go on sulphur) ; 
configuration Pe at ee aE k 
Using ‘Neo-mercagzole’ (‘ Ceslinencals? 2” Tne 
carbethoxy- 2-thioglyoxalone) for standard ref erence, 
a series of com were compared i 
derivatives of 3-mercapto-1,2,4-triazole and the alkyl- 


fixed thiol and thione form corresponding to ‘Neo- 
meroasole’ itself, namely, 1-methyl-8-ethy 
2-thione and '2-ethyhneroa -1-methyiglyoxoline. 


None was as an anti- id in rate as ‘Neo- 
meroagole’ and the thione configuration appeared to 
be that responsible for anti-thyroid action. Measure- 
ment of the inhibitory effect of these drugs upon a 
horseradish peroxidase system in vitro showed no 
correlation swith aa anti-thyroid activity. 

Ma and Astwood have used propyithiouracil 
to study the intrathyroidal metabolism of iodine in 
rate. The distribution of iodme-181 in controls 24 hr. 


cent, iodide 2-7 per oent, mono- 
iodotyroaine 25° per cent, and diiodotyroaine 42-4 per 
cent, and thepe ms varied little during six 


pro 
days while 53 per 
glanti. In the propylthiouracil-treated group, 92 per 
cent of activity left the gland in the same time, 
PDA iad O tis TESE any anaien, 
If recycling of iodme-131 was prevented by a large 
dose of iodide following the isotope, rate of loss of 
iodine-181 was only slightly greater than in the 
controls and the distmbution was similar except for 
a slow drop in monoicdotyrosine. These results 
suggest that propyithiouracil not only blocks 1odina- 
tion but may also inhibit coupling of iodotyrosines. 
Shir Fae a Tan e e ha aaa pen 
investigated using phosphorus-32. 
rats of depiction of sialic acid, i 181 anā 
iodine-127 from the gland indicate that the ooncen- 
tration of the former affords a measure of the thyro- 
globulm content. Histochemical methods have bean 
used in investigations of prolonged dietary iodine 
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deficiency and of normal and pathological glands. 
Lindsay and Jenks studied a number of dehydro- 
genases, diphosphopyridine nucleotide and triphos- 
phopyridine nucleotide diaphorases, monoamine and 
saat? oxidases and found most of theee enxymea 

in anmals treated with propylthiouraoil, 
aaa decreased after hypophyrectomy or 
thyroid feeding. Tricarboxylic acid cycle enzymes 
are in thyroid glands, but in lower concen- 
trations than in liver (Dumont). They are not 
inhibited by anti-thyroid drugs and are raised in 
glands from treated thyrotoxicosis patiente. Blood 
pyruvic acid is high in toxic goitre but normal in 
non-toxic goitre (Gasicrowski). It remained high 
after polled S of the euthyroid state. 

The firmness of bmding of thyroxine in sera has 
been measured by determining the pro ion held 
back on a suitable resin; enhanced bin is found 
in myxedema, after propylthiouracil and in preg- 


nancy but weak binding in hyperthyroidism (Mitchell 
e al.). Attention was, however, directed by Hamolsky 
e al. to the effecta of factors such as car dioxide 


tension, buffers and pH on thyroxine binding in pera. 


tha 
protein is protected. from 
cells there is competition for thyroxine between 
deiodmase and thyroxine bound protein. 

The tadpole has long been used for the study of 
thyroxine. With its development into a frog, con- 
comitant alterations occur im responsiveness to 
thyroid hormone and the manner or rate ab which it 
is metabolized (Galton and Ingbar). The resultas pre- 
sented are consistent with, but do not prove, the 
hypothesis that hormonal response is linked to 
hormonal degradation. The fate of the doubly 
labelled sulphuric ester of triiodothyronine in the rat 
is rapid hydrolysis followed by deiodination. It 
a to be either a o or transport form of 

hormone (Roche e al.). ioactive “Triac’ and 
‘Tetrac’, the acetic acid nate of triiodoth: 


thyroidal disturbances are thought to be present in 
sporadic cretiniam from studies by Klem of the 
half-value times of thyroxine metabolism. 

The relationship of pituitary to thyroid function 
has been studied by eal. Patients with 
active or inactive Graves’s disease did not show an 
immediate decrease of thyroid fimction following 
total hypophysectomy. 

One of the most difficult conditions commonly 
associated with i to understand, and 
also one of the most unpredictable in its course, is 
ox os. A number of interesting pepers were 

on the subject. Bartels and Irie showed, by 
Kadyak pekiants audire from severe progressive 
exophthalnoe, that there was no close relationship 
between the development of the condition and the 
functional state of the thyroid or the type of treat- 
ment given for hyperthyroidism. the course, 
degree and severity of exophthalmos have often been 
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og as being influanced by the and extent 
’ of the treatment offered for thyrotoxicity. A sig- 
nifloant minority of patients developed exophthalmos 
before hyperthyroidiam, and in five casea of severe 
exophthalmos no hyperthyroidism was noted st any 
time. 

Dobyns described the use of fish (Fundulus hetero- 
olius), for the measurement of the level of an 
exophthalmos-producing substance in serum. Only in 
ati with active, progressive exophthalmos was 
exo -producing substance clearly demon- 
gale, E Condliffe e al. provided evidence, from work 
with ion-exchange chromatography, that thyroid- 
stimulating hormone and an A a PERD -producing 
substance aro 

Oontributions-to our eTA of the relationship 
between pituitary and’ thyroid activity, as well as & 
further un of those substances circulating 
in the blood stream which affect the activity of the 
thyroid gland, both in health and disease, oe 
by a number of authors. Two important paper 
(Puryes and Adams, and J. M. McKenzie) dosed 
an abnormal thyroid-stumulating agent present in 
the blood of hyperthyrdid persons. . It appears not 
to be present m normal persons; the substance 
differs from normal ‘thyrotrophin, for example, 
in _the duration of .1te -effect on the thyroid of 
It is active far longer than 


i i is 
active in hypophysectomized animals, thus demon- 
strating that it acta directly on the thyroid. The 
amount in serum appears to be correlated mare closely 


; Se 
a thyroid-stimulating hormone stimulates rap 

Soph of jodido oth Sgro, but tho pak 
of iodi 


A Kite pae a follcbbs aay noo he 
thyroid-stimulating hormone besed on release of 
jodine-131 im mcubated guinea pig thyroid slices. 

-stimula 


Generally $ id ting hormone 
values were in patiente with th icosis and. 
m exo- 


a -from 

game al. pointed oub that apart from the 
differences in thyroxine-levels to be found in myxa- 
ry aka ened priests nc E tae 
differences in the metaboliam of androgens. If the 


androgens 

low levels are found in hypothyroidism and high 
levels in hyperthyroidism, can be shown to uce 
to some extent the actions of thyroxine i (thyro- 


formation was found by 


like effect on tissues when given in high concen- 
trations. 

connexion between serum cholesterol-levels, 
idism and the meidense 


namely, 
isd ajevedlg Raped: werk r aere nE ea 
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iis own tissue components. That this could be a 
mechanism hes often been, suspected, but not clearly 
demonstrated, until Doniach and Roitt’s work on 
Hashimoto's thyroiditis. Positive serological reactions 
ean be obtained with the serum of such patients. 
Trotter and Belyavin observed complement firation 
reactions between thyroid extracts and sera from 
patients of nearly all cases of Haahimoto’s thyroiditis. 
The antigen is probebly derived from the thyroid 
cells and appears to reside in the microsome fraction. 
Most cases of spontaneous myxceedema and about 
one-third of patienta with th: icosis afford serum 
with e relatively low titre, as do occasional ceses 
with non-toxic goitre, thyroid carcmomsa or normal 
subjects. This cellular antigen can be detected in 
extracta of all types of thyroid, but is most abundant 
in thyrotoxic glands. Fixation of complement by 


tains antibodies also against thyroglobulin. These 
are demonstrable by precipitation reactions and are 
distinct from those to the ‘cellular antigen’. 

A striking objective demonstration of the oyto- 
toxicity of Hashimoto’s sera was presented m, a film 
by Pulvertaft & al. Primary cultures of human 
thyroid cells put up m fresh Hashimoto’s serum 
showed few, if any, surviving cells at 18 hr. Sub- 
stitution of Hashimoto’s serum for normal serum in 
an 18-br. old culture was followed by immediate 
darkening of the filamentous mitochondria and their 
gradual dissolution followed by rapid death of the 
cell. On the other grown for 36 hr. 


Wie ee ee R 
of the cases there was a history of irradiation, having 


as latent ns pad for the development of malignancy 
7-12 years, and in most cases 400-700 r. 
of carcinoma 


encountered was the papillary type. investi- 
gation of a not diseinilar character wis roported by 
Pochin. Careful analysis of the actual incidence of 
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leukemias m 
for cancer o: 
icidenoo ofthe ding ithe holthy Po 
large, suggests that leukimia may have to 
as a calculated risk (even if only a small one) when 
this treatment is used for thyroid cancer. Pochin, 
however, suggested that when smaller dogages are 
given, for the treatment of thyrotoxicosis, the present 
known incidence of leuksmia does not appear to be 
greater than that which could have been said tò have 
arisen by chance. Nevertheless, it is clearly desirable 
to watch this situation carefully and to extend 
observation over a longer period. 

Ackerman eè al.-:reported a simple and accurate 
iy foc the aeneae GE EITO canes. This consists 
of giving orally 500 mc. of phosphorus-82. Twenty- 
SpA ap ia multiple counts are taken of the 

oactivity from suspicious nodules. In six cases 

uptake of ro af e 82 was increased markedly. 
were afterwards shown to be malignant 
tumours. It was very interesting to find that one 
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cage of Hashimoto's diseage also suggestell malg- 
nancy by this test. Thirty-four negative testa were . 
produced and in all those operated upon (22), except 
one,. benign tumours were diagnosed 

Ié is twonty-two years sinoo the last International 
Goitre Conference, and although striking advances in 


-both knowledge and technique have occurred during 


this time, i will be spperent that many fundamental 
problems still remain unresolved. 

"Tho lato Edwin Ramedell ball properes en Scores 
which waa read at the opening of the conference. In 
i hie reminded the mmaeibere that sb the thind Gon- 
ference there had been no mention even of anti- 
thyroid drugs, let alone of radioactive’ isotopes. How 
completely the position has will be evident 
from the wide compass of topics dealt with in 10960. 

T O. RININGION 
R. A. Muay 
1 Astwood, H. B., ot al., J. Biol, Ohem., 181, 121 (1049). 


* Bachelard, H. B., end Trikojus, V. M., Nature, 185, 80 (1060). 
* Glock, G. H., Natures, 154, 460 (1944). 


THE BRITISH COMPUTER SOCIETY ~ -- 
HARROGATE MEETING 


OME 400 delegates attended the second annual 

conference of the British Computer Society, held 
at Harrogate during July 4-7. The president, Dr. 
M. V. Wilkes, noted with satisfaction that the 
Society, with one annual meeting behind it, was 
indeed flourishing. 

In his ing address, Dr. Wilkes announced the 
. formation of an International Federation of Informe- 
tion Processing Societies, in which the British Com- 
puter Society would represent the United Kingdom. 
The Federation has elected ita secretary-treasurer 
(A. Speiser, Switzerland), president (I. Auerbach, 
United States) and vice-president (A. Walther, 
Germany), and has announced that its next oon- 
ference will be in Munich in September 1962. 

Dr. Wilkes referred to the activities of the lica- 
tion committees of the British Computer iety, 
and especially to the technical committees on auto- 
matio programming. He thought that scientific 
auto-coding was now generally accepted, but that 
the break-through in auto-code for com- 
mercial applications, the resulta of which could be 

devastating, waa still to come. One of the most 
important current problems was that of date- 
transmission, and he com the rather slow 
teleprinter circuit, with difficult checking facilities, 
with the telephone circuit with forward error- 
detecting codes and automatic repeat when necessary. 
An interesting point was that 100 per cent accuracy 
is not eesential, the aim being to make the trans- 
mission of information as accurate as any further 
processing thereof. He envisaged the leas-pecunious 
universities round to their more fortunate 
brethren, sending ae N eee 
fastest and cheapest service. 
warned that the solution of aoe problem, eau 
imminent, was not yet effected. 

The second seasian discussed a common computer 
language. O. Strachey (formerly of the National Re- 
search Development Corporatian) outlined the prob- 
lems arising in the construction of such language and 


its advantages to programmers, and mentioned im- 
portant advances made by the United States in the 
technique of ‘list.-processing’. He made a plee for 
humans to regard their time as valuable, and to refrain 
from relapsing into slavery to the machine. R. Brooker 
(University of Manchester) spoke in technical terms 
of some recent work in constructing translating 
routines, carried out at Manchester, for any ‘oom- 
puter-oriented’ language. and reported success with 
regard to the autocodes of Pegasus and Meroury. 
These methods apparently need a machine with a 
fairly large store, though K. Tocher (United Steel) 
reported succeas in devising restricted autocodes for 
smaller machines. 

Business applications also have their auto 
and R. Paine (1.C.T.) outlined the desirable features 
of such & language and some attempts made to moet 
them. He warned that management cannot yet 
dispense with ita programming staff, that the language 
of the accountant is not yet that of the computi 
machine, and envisaged the evolution of eae band 
and short-hand versions of the language. This oon- 
tribution included the comments that a computer 
conference might be described as a “meeting of 
contiguous word-noises”, and that machine manu- 
facturers’ advertisements of business computer suto- 
codes rarely err on the side of modesty. 

At about this stage one notes with sorrow the 
transformation of certain features of the English 
language, and too often its mutilation which, in 
these vulgar times, seems to acoompany the develop- 


_ment of any new scientific field, and in which com- 


puter terminology is secand to none. One finally 
applauded the question, ‘What exactly, please, is a 
programmer 1”, and listened with regretful admira- 
tion to the chairman’s “Bino it is now time for coffee, 
I shall have to treat that question as rhetorical |” 
The next session was also concerned with language 
and general-purpose programmes, this time for 
market research (A. Douglas, University of Leeds, 
and R. Cook, Elliott Bros.), which provided facilities 


656 


for recBiving and verifying data, forming frequency 
tables, and printing results in any dered format, 


and in general statistical survey work (F. Yates, . 


Rothamsted), and success was reported with several 
of the smaller machimes. 

Small-computers were also featured in a symposium 
on their use in a variety of problems covering clerical 
processes, production-control in a medium-sized 
factory, an analysis of a reasonably complicated 
hydro-electric system, and stock control m a shoe 
factory. This sequence of thoughtful, well-presented 
papers, seemed to leave the audience rather bemused. 
Did they, one wonders, ponder on the remarkable 
advances m the decade when machmes like the 
Stantec Zebra, ICT 1201, Elliott 402 and 802 and 
Ramac 305 oan now properly be described as small, 
or were they shattered with the perfect simplicity of 
a data-tranamission system m which a gamekeeper 
reads water-levels once a week, cycles ten mules, and 
sends off postcards ? 

8. Clarke (Elliott Bros.) and 8. Gill (Ferranti) gave 
accounts of recent respective visits to the U.S.S.R. 
and the United States. Clarke reported great 
Rusian interest in British computing equipment and 
their own assessment of a four years lag behind the 
West. He described some Russian machines, none 
of which has a rapid access store of more than about 
2,000 words, and noted that their present main 
interesta were m automation and language trans- 
lation. He found little effort in general date-pro- 
ceesing and commercial applications other than m 
pay-roll work. The Chmese have apparently made 
a perfect copy of one of the largest Russian machmes 
in one year, indicating perhaps the shape of things 
to come. 

Gill found advances in the United States rather dis- 
appomting in actual machines, and thought that new 
British projects such as the dias have no clear 
trans-Atlantic superior. In programming techniques 
parallel operation and time-sharing are all the rage, 
but enthusiaam for international machine languages 
like Algol (scientific) and Oodol (commercial) are 
somewhat on the wane. For example, no Algol oom- 
piler ıs yet working efficiently for any machine in the 
United States, and university research is concentrated 
on more general studies m the theory of computer 

rogramming. He commented on the work of Hao 
Wane, an Oxford mathematical logician at present 
in America, who on an International Business 
Machines computer proved 350 significant theorems 
in ‘Principia Mathematica” m 8} mm, exclusive of 
printing time. Wang has remarked on the great 
agnificance for mathematics of the cross-fertilization 
of ‘inferential calculus’ and computing machines. 
Here is certainly a fascinating field of research, 
needing for 1ta success mathematicians of the highest 
competence and machines of a size greater than any 
at present installed in a British unrvermty. 

Attention was directed m one of the seasions to 
the organization of computing centres in universrties 
(R. Buckingham, University of London) and indus- 
tmal establishments (A. Bagshaw, Ferranti). Univer- 
sity work covers & vary broad field, mainly scientific, 
with consequent advantages for the ‘open shop’ 
method of working, in which most users write, test, 
and perhaps run therr own problems. This, of course, 
ia not always .possible’;; the ‘unflappebility’ of the 
Chancellor of the University of Oxford would, one 
imagines, be tested severely, and unfarly, by his 
first few attempts at programme checking. Com- 
mercial centres have simular probleme exoept that 
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soientific work is beginning to be swamped by general 
data-processing calculations, with consequent greater 
economy in more operator-controlled machme run- 
mng. This tendency will intensify when ‘time- 
sharing’ machines come into general use. A. Beaven 
(National Computer Research) had a different 
problem of organization, mvolved in the training of 
operators and the writing of programmes to check 
and correct data, derived from automatic paper-tape 
punches attached to accounting for input 
to a computer, such data amountmg to nearly three- 
quarters of a million paper-tape characters a month. 

Time-sharmg was put into practice when the 
numerical analysts, in surprisingly large numbers, 
discussed some new techniques for applying predictor- 
corrector formule in mitial-value problems and for 
the iterative solution of non-linear boundary-value 
problems in ordmary differential equations, the 
determmation of latent roots of matrnres when the 
parameter ae in non-linear form, and the 
behaviour of the remainder term and other agpeota 
of Gauas-type quadrature formulm. These papers 
comprised a small but fairly representative sample of 
current research in ‘computer-onented’ numerical 
analysis. At the same time, the larger group studied 
problems of amulation m chemical plants, power 
stations and other works, the computer being used 
to make adjustments to the detailed process, uamg a 
‘mathematical model’ and a statement of objectives, 
in order to Increase efficiency and output. 

On the last morning, D. Polley (Ministry of Pensions 
sad National Insuranos) and Col. L. Slater (Royal 
Army Pay Oorps) gave accounts of respective progress 
in the mstallation of data-processing schemes for 
insurance records and for the payment of the military. 
In both cases the machinery required seemed to be 
substantial, with reels of magnetic tape and a 
‘Keronic’ printer on one hand, to cope with the 
processing, m & six-monthly period of each year, of 
thirty millon tax-reduction cards, and on the other 
an International Buamesa Machine 706 computer, 
1,401 tabulation system and a staff of 100. Soldiers 
must have their pay, and one sympathizes with the 
problem of maintaining continuity m reimbursement 
and record in the proceas of changmg from manual 
to sutomatic operation. 

Finally, a small symposium (which might well have 
shared tme with numerical analysis so that all, 
including myself, could have heard about simulation) 
discussed techniques of accounting, in wholesale 
and retail branch control, m ‘invoicing’ im general, 
in the paper industry m particular, and in banking. 
Here, it seems, the problems of programming are 
trivial compared with those of deoidmg the factors 
which should be taken mto account (as, for exarhple, 
the loss of weight in stored cheese), and of collectmg 
all the parts into a ooherent logical entity. 

The organization of the meeting was good and its 
after-effecta promising, since those who oould not 
attend will apparently have a chance to study at 
more leisure at least some of the mam contributions, 
which will be published in the Oomputer Journal. 
We lacked only sunshine (perhaps mercifully in the 
Harrogate Sun Pavilion) and, as usual, time for 
adequate discusmon. The Pavilion was just large 
enough to accommodate the full audience and recep- 
tion and entertainment, provided by the Mayor, and 
a small exhibition of computing mechanisms, models 
and plans, provided by the leading British manu- 
facturers, m an atmosphere at once both sufficiently 
formal and mtunate. L. Fox 
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THE MUSEUMS ASSOCIATION 


HE sixty-sixth annual conference of the ENET 
Association was held m the city of Stoke-on- 
Trent during July 4-8, by kind invitation of the 
Corporation, and University College of North Stafford- 
shire. Dr. W. E. Swinton, of the British Museum 
(Natural History), presided over some 330 delegates. 
The conference was welcomed at this ite 
first visit to Stoke by the Lord Mayor, and m his 
presidential addreas Dr. Swinton dwelt on the present 
plight and difficulties of the museum movement. He 
welcomed increased granta made by the Treasury to 
Tee ee ae ec ae 
through the scheme administered by the Victoria and 
Albert Museum. He also looked forward to the found- 
ing of farther regional councils based on the existing 
prototype in the south-west of England. Dr. Swinton 
deplored the absence of travelling museums im rural 
dustricte, for they had been, so eminently successful 
in the United States, and he felt convinced that they 
would supply a real need in Britam. Dr. Swinton, 
taking his text from the underground geology in the 
area, then discussed the injection of arb and science 
into industry and the way in whioh literature 
and the arte had influenced the imdustrial life of 


the city 
The presidential address thus paved the way for 
the main dimumion of the conference, which oon- 


industry, introduced by Sir Colm Anderson, Mr. Ian 
Cox, Mr. John Moores and Sir John Wedgwood. 
All agreed that with the competition of 
television and shop displays the standard of exhibition 
in museums should be high and modern m outlook. 
Tt was also felt that the displays should be stimulating 


e e e a gastount tone Curators 
should study the methods of saleemanship. In the 
same way that no shop would freeze ita windows, 
museums must be prepared to change their displays 
as often as possible. Museums, on ther part, can do 
mush to stimulate new designs and help to maintain 


high standards of 

Another important discussion “concerned tho 
chase of art objects for museums. erg 
ineluded Sir Anthony Blunt, Dr. Trenchard Cox, and 
Mers. G. L. Conran, Terence Mullaly and Hugh 
Scrutton. Jt waa generally that directors 
should make more frequent contact with the London 
market, although even then were 10.4 
great extent a matter of chance with either local or 
national opportunities. It was also stressed that rare 
and expensive objects should not be the desiderata 
of museums but they should endeavour to create an, 
individual character. 

At the annual general meeting rt was decided to 
increase institutional members on the Council from 
three to six and to request nominations for these 
from regional organizations. 

Dr. D. B. Harden (London Museum) was elected 
ident and Mr. ip James was confirmed in 
office as secretary. It was decided to hold the 

next conference at Plymouth durmg June 19-24, 
1961. 

Social functions included an informal reception at 
Keele Park by invitation of the University College, 
& reception and dance by invitation of the Lord 
Mayor and tours of the Arnold Bennett country, 
the Potteries, Kedleston and Dovedale. Official 
visite were also made to the local museums. 


THE BRITISH STEEL CASTINGS RESEARCH ASSOCIATION 


HE progressive growth of one of the youngest 
research associations was marked recently b 
the open days held during June 28-80 by the Britian 
Steel Castings Association at ite Research 
Station in Sheffield. The open days were attended 
by 546 representatives, principally from member 
com and from users of steal castings. 
opening of the Association’s Research Station 
was noted in these columns (Nature, 180, 221; 1957). 
Within three years the Association has found it necess- 
ary to add a further 10,000 sq. ft. to ita acoommoda- 
tion, while its staff has increesed in this period from 
forty-nine to seventy-six. The imoreased accom- 


shop has been correspondingly enlarged, 

laboratories have been provided for radiography and 
the handling of isotopes used in imvestigations 
employing radioactive tracers and for the analysis of 
gases in steel. The experimental foundry has also 
been enlarged to the extent of 50 per cent in floor 
Bi, rao ng enon, fe pl plot i 
56-Ib. vacuum melting for pilot plant studies 


of dust and fume collection equipment and for the 
study de eat Gerd t and equipment on a scale 
approximating to that of mstallations m production 
foundries. The total cost of the extensions together 
with the equipment installed therein haa been £60,000, 
bringing the total cost of the Research Station to 
£165,000 within a period of four years. The present 
income of the Association is o little more than 
£100,000 per annum. The number of steel foundries 
in Great Britain is not large, and the present sub- 
scription income represents an average subscription 
of £1,000 a member. That the Association can main- 
tain such a high level of subscription and has, in 
fact, recently meoreased the subscription rate by 
cent is indicative of the importance 
that the i attaches to ita co-operative research. 
The demonstrations of the Association’s work, 
which were on, show at the days, illustrated very 
well the ra se that many of the problems associated 
with the production of steel castings are non-metal- 
lorgical in character. A large proportion of the 
research effort is concerned with moulding materials 
and with the interactions that occur at high tem- 
peratures between molten steel and the sands and 
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other Refractories from which moulds are made. One 
of the Agsociation’s major problems has been to 
evolve quantitative techniques for the measurement 
of such phenomena as the friability of moulding 
sands on drying, the erosion of moulds that occurs 
when, molten steel flows over the surface, the pene- 
tration of molten steel into the interstices between 
sand grains and the ‘fowability’ of moulding sands, 
that is, the ease or difficulty with which they may 
be compacted in narrow pockets, eto. Techniques 
have been evolved for those and similar mesasure- 
Doe. E a een le, by using a 
test casting in which a controlled sir pressure 1s 
applied to the liquid steel, to synthesize in a casting 
only 15 in. high the ferrostatic head experienced at 
the bottom of a casting 20 fs. in height. This tech- 
nique hag greatly facilitated the study of the pene- 
tration, of liquid steel into moulding materials. 
Much attention, has been, given to the development 
of mould paints and washes, and new formulations 
based on the dispersion of refractory particles in 
alginate, suspensions have been developed which 
produce paint films that do not crack on drying or 
when. molten steel is poured into the mould. These 
are a considerable advance on commercially available 
washes and gré being appli 
in the foundrion of the 
E cake Assan aches 
coud tis cee sie fle nee ee 
used in foundries and is actively engaged on investi- 
gations of factors affecting the performance of 
moulding machines and shot-blasting ment. 
Studies are also bemg made of both wet and dry 
methods for the reclamation of used foundry sand. 
Here the problem is to remove from sand grains the 
layer of dead bonding clay to enable the sand to be 
oe a 
From ite inception the Association has always 
ee ee ee a 
industrial health in foundries. 
have imoluded the development of an exhausted 
fettlng bench which combines control of fine dust 
with a substantial reduction in noise level 
when castings are cleaned with pneumatic chipping 
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hammers. Tiss E PE E taeda be 
two manufacturers. 

Studies are also being made of atmospheric pol- 
lution from foundry steel- 


aspects of the Association’s work 
Lee i sims to e A cal clin cre lems 
arising in production. Oonferences and discussion 


control, steelmaking techniques, eto. During 1961 a 
training course is to be organised on work simpli- 
Pea elt 


io peace 

Hunter (Clyde Alloy Steel Co., Lid), the chairman 
of the Association’s Council, invited members’ atten- 
tion to notable features of the repart. He directed 
special attention to the programme of 
laison with industry ref above and also to® 
the establishment of a jomb pectoris the Bteel 
aro Development Committee, between the 
Reeearch Association and the trade association, the 

British Steel Founders’ Association. The function of 
this Committee is to disseminate data designed to 
the greater use of steel castings, and tho 
Association has im hand a substantial pro- 
gramme of work for this Committee to determine 
operties of steel castings on which data are now 
ing. A useful start has also been made in the 
provizion of leotares snd sotare ae fór prosenta: 


CULTURE, SOCIETY AND HEALTH 


URING June 1-3, 1960, the Division of Anthro- 
pology of the New York Academy of Sciences 
and the Research Institute for the Study of Man 


artery disease in population groups. The 
study of socio-cultural factors m cancer was carried 
oub Walter B. Quisenberry, Division of Preven- 
tative Medicine, State Department of Health, 
Honolulu. 

The population .of Hawaii is made up of approxi- 
mately 36 per cent Japansee, 23 per oent Caucasians, 
18 per cent Hgwaiigns' afid part-Hawaiians, 12 per 
_ cent Filipinos, 6 per cant Chinese and 6 per cent others 
“such as Koreans, Sainoans, and Puerto Ricans. 

8 investigations showed that the 


bably many socio-cultural 


such as dictary habits which play e part in causing 


this. Primary canoer of the liver, however, is most 
frequent in Filipino men.’ Filipmo men probably eat 
foods which are higher in carbohydrates and lower in 
protein and vitamim B, than those of other ethnic 


groupe. 

Filipino and Japanese men have the lowest 
Incidence of lung cancer in Hawaii; Japanese men 
and Filipino men have probably smoked fewer 
cigarettes over the years than Caucasian men. The 
Oaucasian cancer rate is five times the Japansee 
rate; Japanese women have been slower in giving up 
the nuraing of children than have the Caucasians. 
Cancer of the large intestine is more frequent in 
Caucasian women than in any other ethnic groups ; 
the diet habite and, perhaps, the bowel habites of 
Caucasian and Japanese women are differant. 

Cancer of the prostate gland is about nine times 
more frequent in Caucasian men than in Japanese 
men; the socio-cultural factors which may be 
responsible for this great variance in incidence of 
prostatic cancer may be related to differences in love: 


ugust 20, 1960 


making and mating habite of the two ethnic groups. 
Cancer of the nasopharynx is most frequent in 
Chinese ; it is possible that there is irritation of the 
nasopharynx in Chinese from hot liquids guch as tea. 
Cancer of the uterine cervix is most frequent among 
Hawaiian and part-Hawaiian women; because 
Hawaiians are by nature phlegmatic, the. women 
probably do not receive as good care following 
ee ee a eee 
cancer is most frequent among Caucasians ; 
is due probably more to differences in akin pigmen- 
tation than to socio-cultural factors. 
suggests that some of the ethnic 
differences in the frequency of cancer may disappear 
with the integration of different racial groups in 
Hawaii. The changes may bring about either lower or 
higher incidences of cancer. For example, cancer of 
the breast soars to be i in Japanese women 
due to the stopping of nursing of children. 
The study of coronary artery disease was carried 
out by David M. Spain of Beth El Hospital, New 
York, and indicates that there has been a significant 
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increage in the moidence of coronary atherosclerotic 
heart disease over the past twenty-five years in the 
United States. The possible environmental factors 
associated with this increase have been evaluated 
in relation to the possible common denominators in 
the environment believed to be associated with the 
reported low incidence of coronary artery disease 


coronary heart 
Ba Ghose wal Gimeno OF ee ee 
ethnic origins from the New York ltan area 
‘were presented to illustrate the complex problems 
involved im the validation of the significance of such 
data. Such questions as of measurement, 
criteria for diagnosis, body build, occupational 
physical activity, obesity, hypertension, serum lipids, 
urinary cestrogens, diet and smoking habits were 
med while the limitations of studying coronary 
artery disease in living population groups, as well as 
the fallacy of generalizing from the findings in 

autopsy populations, were clearly shown. - 


THE STRENGTH OF SOLIDS 


F. A. H. COTTRELL in his discourse to the 
Institution on June 15, entitled “The 


depends on the relstive values of strength against 
such ductile or brittle failure. 

Those brittle materials which have very high 
inter-atomio forces and which should therefore have 
ee ee ee ee 
presence of small cracks or notches which act as 
stress concentrations. When a relatively flawless 
specimen of such a material can be prepared, it is 
found +o have a strength that approaches the 
theoretical value. It is not, however, practicable to 
make such i in large enough size or sufficient 


£ specimens 
quantity to be of use for structural components in- 


engineering. 

The ultimate strength of a ductile material depends 
on the stres at which a neck begins to form in a 
tensile test, that is to say, on ite plastio behaviour, 
which involves the yield stress and work-hardening 
characteristios. An over-hardened material will not 
be ductile. Tho plastic deformation of crystalline 


RESEARCH IN 
HE use of case studies in management training 
is well ag an important method of 


to many people; and many who-have heard about 


it have had no experience of it. Such was the basis 
and omiso of a proposal by the Bonth Londan Oom- 
aes 1959-60 ee T 


afront baada to m ore of tho British 


ie oh 
E Malaceiseus dit die Hout: Lonny Ga, 


solids is due to the sliding of crystal layers over one 
another. ip over any lsyer is not simultaneous, 
but is due to the movement of a dislocation line 
which se i 


portion. 
sources of dislocations so that they are intrinsically 
soft and ductile. The vast amount of plastic deforma- 
tion, le enables a ductile material to absorb 
eet ae Gein ee 
fracture. is achieved by 
Laie AE i Ow) tous OF Oe Galena = 
Ey alloying, heat treatment, neutron bombardment, 
eto. If, however, too much strengthening is given 
the plastic yielding strength may exceed the fractire 
strength and the material would become brittle. 
Steel, though normally ductile, is a borderline case, 
low-temperatures or impact loading or a combin- 
ation of these factors can cause brittle failure—a 
phenomenon which has led to many engineering 
failures. 
` Prof. Cottrell concluded with some remarks on 
fatigue failure, which is not yet fully understood. It 
is observed that in fatigue, plastic deformation 
becomes concentrated on a few slip planes, so that 
slip bands develop and then initiate cracks. It would 
appear that this is a process of local work softening. 
K. J. Pasoox 


CASE STUDIES 


The effective use of a case-study discussion demands 
considerable skill on the pert of the chairman if mb is 


, ffom the: vociferous to the 
- ‘contributions from all are 
to be obtained. On account‘of this, the Commurttee 
felt that it should obtain guidande and training froni 


» Royal 
Administration, and AR lecturer in 


660 


studies, Northampton College of Advanced Tech- 
nology, London, and Mr. Z. M. T. Tarkowski, adviser 
on, traming, and special lecturer in management 
studies, Northampton College of Advanoed Tech- 
nology, London, who have done a considerablo 
amount of work in this field. 

The South London Committee convened a Case 
Study Group, at the meetings of which, at monthly 
intervals, various case studies were considered. The 
bulk of those go far discussed were from a series 
produced by Mr. Tarkowski, which give a repre- 
sentative sample of management situations, each in 
a typical British context. The way discussion went 
was analysed afterwards, under the leaderahip of 
Miss Turnbull. 

The wisdom of selecting this approach became 


. aught 

related points which have to be recognized and 
brought to bear on each other by the chairman. The 
effect of the size of the group, of a time limit, of the 
extent of the previous experience of the use of case 
studies, the attitudes of members, the need for the 
leader to draw members into the discussion and to 
encourage cross-fertilization of ideas without im- 
posing on thé group, are some of the many points 
which were discussed and which call for skilful 
l 

The reaction of the group depended upon the 
nature of the cage study. If, at first sight, a specific 
management problem was apperent, or if the case 
study described a dramatic situation, such as a 
pondi of autual’ desiniane taken, there was a ten- 
dency to examine the obvious blem and to suggest 
a satisfactory line of action which could be the next 
step to be taken in the situation. a ramneinn 
ment problems were more intangible and deman 
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a deeper analysia of individual characters, and of the 


situation, the more limited a approach was replaced 
by a broader consideration of the ities and 
the influences of the background in the work attuation 


which caused a strained atmosphere. In fact, more 
than one problem oan be isolated in these oase 
eB, ding on the Lahag esr of individual 
riaribers Gf a gh group. Practice in type of analysis 

Ro eee ee oe 
At the last meeting held, a case study already pre- 
viously discussed waa re-examined, and o0 
were made with the first discussion. These 


by a single case study, and how diverse two dis- 
cussions of the same case study can be. 

Co-operating with Mr. Tarkowski and Miss Turn- 
bull, several members of the Group have appeared as 
‘characters’ in case study exercises held ag os 
course at the Northampton College of, 
Technology. The object Sites eee ate 
the case studies more vivid and realistic, to bring out 
subtle issues of verbal communication and to give 
members of the group ice and experience in 
conversations, which form 
a lange: propartion of a manager’s work. So far as 
is known, no course on quite annilar lineg has been 
developed elsewhere. 

The South London Committee has now arranged a 
week-end conference on “Research Necessary for the 
Preperation and Use of Case Studies: Some Recent 
Work and Prospects for Further Developments in 
Great Britain”, to be held during October 7-9 at the 
British European, Airways Staff College, East Burn- 
ham, Slough, Buoks. Further information, “can. - be 
obtained from A. E. Hoult, South London Branch, 
British Institute of Management, ae Management 
Houge, Fetter Lane, London, E.C.2 


THE RESEARCH COUNCIL OF ALBERTA 


ee Mee eas ae ee es 
Council of Alberta, covering the year 1959 
contains lists of advisory committees and their 
membership and. of the staff of the Research Council 
besides a list of publications for the period 1955—59 

. v+54. Report No. 79. Edmonton: Research 

uncil of Alberta, 1960). Durmg the year, pro- 
grammes on geology, ground-water and soils were 


brought together in an “Earth Sciences Branch”, and : 


work on coal, petroleum, natural gas and gasoline 
and oil testing m a “Fuels Branch”. The ground- 
water studies are providing basic information on the 
ground-water resources of Alberta, and have offered 
substantial annual savings of water costs, for example, 
ee ee eee 
mest Lake into a nearby gravel terrace. In surface 
geological mapping m the Taber area a buried Indian 
camp site was uncovered in the valley walls of the 


skeleton of a buffalo and a willow branch were found, 
for which radiocarbon dating gave an, of 11,000 
years. The Geological Division has eloped a 
with the 


sub-surface study of Lower Cretaovous strata of 
central Alberta is in progress with the purpose of 


establishing the interrelations of the marine and 
non-marine ronations. Upper Cretaceous beds in the 
Peace River region have i 


is being examined for miocro- and macro-faunal 
content 


The Ooal Division is continuing an investigation of 
carbonization, which during the year has shown that 
the carbonization reaction is much faster than was 
thought, and the overall reaction is only slow 
because’ the coal-tar producta have difficulty in 
working their way out of the carbonaceous residue ; 
the overall reaction can be accelerated considerably 
in presence of nitric oxide. The Natural Gas Section 
is examining a process for recovering helium from 
natural gas, the Petroleum Division discovered 
that mud from the bottom of a local lake contamed 
completely developed petroleum pigments along with 
traces of other oil materials. Pilot plant e 
were extended to work on a concentric flow of heavy 
oil and water mixtures m a 1,000-fb. experimental 
pipe-line, which showed that injection of about 30 per 
cent of water gave a pressure drop of up to about 
75 per cent. The Industrial i Bervices 
Group has made good progress in studies on, car- 
buration to permit the satisfactory use of propane 
and butane as engine fuels. Studies have bean com- 
menced on the effects of various solvents on plastic 
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pipes, and a 500-ft. length of buried Pipe € carrying 
natural gaa is now boing observed under actual 


in structure. The special weather-radar continues to 
give much information on the cloud systems moving 
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through the area, and a meso-network of sonfe thirty 
micro hs has now been arrenged at intervals 


study of nucleation represent 
basic By spe to the hail problem, and following 
the of nusleation commenced last year at 
ea i University, the work wes continued during 
the project group at Penhold, 
eA a method of determining the amount of 
‘freezing nuclei’ in ram-water, or water obtained 
from melted hailstones, was applied. 


ROTHAMSTED EXPERIMENTAL STATION 


C. BAWDEN, whose style of writing could 

.profittably be copied by directors of other 
research institutes, states in his annual report for 
1959 of the Rothamsted Experimental Station* that 
the ultimate aim of agricultural research must be to 
increase the efficiency of agriculture by lowering unit 
costs of production and improving the quality of the 
produce. The very wide range of activities described 
in this report offers soope for saseasing the contribu- 
tion of Rothamsted towards this goal. Whether this 
aim will be better served by the empirical a 
of much of the work reported, or by the establish- 
ment of general principles formulated on research 
of a more fundamental nature, 1s obviously a 
question which must exercise the mind of any 
good scientific leader. Perhaps the best compromise 
is tq.enoourage developments along both lines, 
the ,corredt allocation of resources depending on 
many. factors. 

There is no question that the work on the use of 
fertilizers, mrigation, and the control of weeds, pests 
and diseases haa the immediate practical aim of 
increasing agricultural efflciency ; but there is plenty 
of evidence throughout this report of more academio 
inquiries covering such varied matters as the under- 
ground activities of organisms as diverse as slugs, 
earthworms, fungi, nitrogen- bacteria and an 
eel-worm that transmita a soil-borne virus; the 
internal structure of viruses and the relative infoct- 
ivi icles and their separated 
nucleic acids; the activities of enzymes m msecta, 
bacteria and leaves ; the biology of weeds and the 
relation betwoen the potassium supply of soils and 
the nature of the olay minerals. 

In the Chemistry Department, where work on 
fertilizers has always loomed large and has been 
responsible in no small measure for the present high 
efficiency of arable crop production in Great Britain, 
much basic work is now ing on soil organic 


tiga ie mare being: diaoted tot complex ; 
but attention is now directed towards other 


even late, and if the work on micronutrients 
merely indicates that deficiencies of such elements 
are likely to be rare in Britain, it will serve its 
purpose. 

* Lawes 


of the es 
ae bet, DRS of eam ae 
Experimental Staion, 1060. ) Pios 


Biochemistry increesingly emergos es the central 
=a line in agricultural research; and its impact 
seen in many departments ranging through 
soil cbemistry, botany, pathology, 3 Guectnidea end 
Topun In the Biochemistry Department itself, 
1s concentrated on plant enzyme systems, but 
there is some collaborative work with the Nematology 
Department on eel-worm hatching factors. One 
wonders whether the work on the extraction of protem 
from leaves has not now served ite valuable Pies tad 
and should be handed over for large-scale develop- 
ment to industry and governments in countries 
where malnutrition is still a serious problem. 

Russian, claims that imoculation of soil with 
Axotobacter increases crop yields have been treated 
with scepticiam in the Western world. None too 
soon, these reports are being properly investigated 
by the Soil Microbiology Department, and under 
some conditions, at present ill-defined, moculation 
has increased yields signi y- 

One of the dangers a research station reaches 
hue AOE adr jocks rade lara 
work on isolated problems when more 
likely to be made, particularly in biological rosaaroh, 
by inter-departmental co-operation. There is dis- 
Sppe mimar. little evidence of this collaboration 
© it might be most valuable, for example, 
Department, 
partment and the Soil Survey of England and Wales. 
That such co-operation is posmble and fruitful is 
evidenced by the work of the Macaulay Institute in 
Scotland. On the other hand, it is pleasing to see 
the Botany Department is studying the wand of soil- 
water defied on plant growth, clearly complementing 
the work in soil physios, where the y of agri- 
cultural meteorology, which bas already had a 
notable effect on the pantes of irrigation, is being 
extended into the fiel of micro-meteorology. 

There is an encouraging sign of collaboration in 
the report of the Entomology De Changes 
in soil fauna brought about by long- term bare- 
fallowing are being studied, and at the same time 
will study changes in soil organic 


causing crop 
the survival Pot weed seeds. Perhaps 
forerunner of other co-operative he and for a 
start one might suggest similar spudies when land is 
put down to graas. After all, gras is still the most 
important crop of Britam, and unless the Agricultural 
Research Council objecta to duplication of effort, it 
would be stimulating to see Rothamsted paying more 
attention to grassland soils and some of the problems 
of herbage production. T. W. WALKER 
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CONVERSION OF CYCLOPENTADIENE INTO NEW 
BICYCLOPENTYL DERIVATIVES 


Structure Determination with the Help of 
Proton Magnetic Resonance Spectroscopy 


Diels-Alder diene aasociations, includmg the 
dimerization of cyclopentadiene, are susceptible to 
trichloroacetic acid catalysis!, with carbonium ions ag 
intermediates’. The catalysed formation of endo- 
dicyclopentadiene, C,,H,,, was studied at acid con- 
centrations up to 0-16 M (25°). It has now been 
found that at higher acid concentration, for example, 
0-5 M, oyclopentadiane 1s almost quantitatively 
converted into a trichloroacetic acid ester (1). 
C,,H,,0,Cl,, n3 1:5085, Amar (ethanol) 242 mu; 
£m: 800 l.fmol-om. This ester pol i B0 
quickly on heating that ıt cannot be but 
purrflcation by fractional thawmg is possible. Alke- 
line hydrolyse produces an alcohol (I), C,.H;,0, 
b.p. 84-86°/0-2 mm., nis 1-5105, Awar, (ethanol) 
243 mp, Em 400 l.fmol-om, 8,5-dinitrobenzoyl 
ester m.p. 112-113°, phenyl urethane m.p. 64-85°. 
Bromination and hy i established the 
presence of two double bonds in ester (1) and alcohol 
(II); the double bonds must be conjugated because 
of the specified position of the Amar values. 

There is no carbonyl in the infra-red 

adsorption spectrum of alcohol (IL), which excludes 
ny of hydroxyl peng attached to unsatur- 
ated carbon. Hydrogenation of aloohol (1) 
a saturated alcohol (O1), C,.H,,0, b.p. 95°/0°5 mm., 
ni 1:4844, 3,5-dinitrobenzoyl ester m.p. 79-82°, 
phenyl urethane mp. 88-02°, acid phthalate m.p. 
80-82°, which was dehydrated to hydrocarbons 
CieHie, b.p. 112-115°/100 mm., nis 1:4796, the 
infra-red absorption spectrum of which was very 
similar to that of a mixture of cyclopentyl-cyalo- 
pentenes, prepared according to v. Braun and oolla- 
borators*. 

Hydrogenation of both hydrocarbons gave bicyclo- 
pentyl O,,H,,, which proves that the alcohols (OT) 
and (II) and ester (I) are bicyclopentyl derivatives, 
Aloohol (III) was oxidized to a ketone, 0,,H,,0, 
b.p. 74-75°/1-3 mm., ni 1-4743, 2,4-dinitrophenyl: 
hydrazone m.p. 128-181°, semicarbazone m.p. 197— 
198°, which was not identical with the well-known 
2-cyolopentyl-cyclopentanone. Thus, the hydroxy- 
group of alcohols (ITI) or (11) cannot be attached to a 
carbon atom in juxtaposition to the junction points 
of the two five-membered rings. The proton magnetic 
resonance spectrum of pure liquid alcohol (II) is 
characterized by peaks A, B, C and D at — 0-82, 
— 0:05, 0-18 and 2-72 parte per million (p.p.m.). 
These chemical shifts (which are defined by the 
dimensionless number [H, — H,/H,] x 10* when H, 
and H, are the resonance flelds of sample and refer- 
ence (water)) are assigned ag follows: A nds 
to hydrogen on unsaturated carbon, B to hydroxyl 
hydrogen, O to hydrogen bound together with 
hydroxyl to saturated carbon and D to the other 
hydrogens on saturated carbon. The assignment is 
consistent with the proton magnetic resonance 
spectra, of alcohol (III) and cyclopentanol and with 
the relative peak positions in the pure liquid state 


produced _ 


and in carbon tetrachloride solution. Peak area 
measurements showed that four hydrogens must be 
attached to unsaturated carbon. An investigation of 
the proton magnetic resonance spectra of ester (I) 
and of the trichloroacetic acid esters of aloohol (II), 
cyclopentanol and ethanol lead to similar conclusions. 

All the observations taken together prove that 
alcohol (II) is 3-(cyolopenta-2’,4’-dienyl)-cyalopent- 


anol. 
ils bap see 
+ + 
H é HG ha 5 ie Es, 257 
Hy HG "CH, CH, H a a 
CH, CH, aa, 7 
' 1" 1” 
The new bicyclopentyl derivatives can be converted 
thermally and catalytically into polymers of unusual 
properties, which will be degaribed elsewhere. 
C. F. BLAKELY 
R. J. GOLLESPE 
L. ROUBINEE 
A. WASSERMANN 
R. F. M. Warm 


1 Wassermann, J. Chem. Soc., 618 (1948). ae 

1 Rubin, Steiner Ae eo a eer eti 3046 (1049). 

3y. Braun, Kamp 5 .„ 70, 1756 (1937). Vapour phase 
chroma’ y showad that the ‘oyalo: clopentenes’ of 
these au piy a mixture of isomers. Perey 


Kinetics and Mechanism 


Tre rate, Ry, of the trichloroacetic-catalysed 
reaction, 2-cyclopentadiene + trichloroacetic acid + 
trichloroacetic acid ester of 8-(cyolo-2’,4’-dienyl)- 
cyclopentanol (see previous communication), (ester 
(I)), has been measured. - The results can be 
summarized by : 

Ree = Kutal[oyclopentadiens] [trichloroacetic 

acid]! (1) 
where kyu. 18 10¢exp(— 9900/R7Z')(1./mole)* gseo.-! 
in carbon tetrachloride and 10'-‘exp(— 9700/RT) 
(L/mole)* seo.: in benrene. It has been shown 
before! that the rate, Rame, of the trichloroacetic 
acid catalysed dimerization, 2 cyclopentadiene—+> 
endo-dicyclopentadiene, is given by : 

Rem = Kinel cyclopentadiene [trichloroacetic 
acid] (2) 
Using Kose 200 Bins, Telating to 25° and carbon tetra- 
chloride, the ratios Rime/ Rese aro 4-4 + 0-8 and 
0 022 + 0 004 accordmg to whether the trichloro- 
acetic acid concentration is 0:0050 or 1:0 M. It is 
ble, therefore, why the preparative 
isolation of ester (I) is only possible if the trichloro- 
acetic acid concentration is sufficiently high (see 
previous communication). 

Rate expression (1), the influence of polar aprotic 
solventa (nitrobenzene and nitromethene), which 
merease Ry, and of proton acceptors (water, 
ethanol, acetone dioxan) which act as retarders, are 
compatible with a mechaniam represented by : 
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ky k k 
M+HB ai; s+ Ma; ro -2 endo- -dicyclopentadiene 
by a s 
ky k, 
+ HB et’; i ater (I) + HB 
k'i F’, l 
In these equations M is cyclopentadiene, HB is 
trichloroacetic acid, + and ¢’ are singly charged ion 
pairs O,H,... Band 6,,Hi,... B and +” ia a 
doubly charged ion pair 0;,H,,... 2B (B= 
trichlaroacetate). Application of the stationary state 
approximation and ing that k,M[HB) > 
ki’; baM ka” +k’, [dimer]; k> k’, or 
k [HB]; ks’>k’ fester (1)]; bM > Y, leeds to 
(1) with kete = kikeks/ (ki + ki)k, and to (2) with 


= k, We suggest the following formule for 
i, wg and $”, - 
ss H alcohol (II): X »OH 
H,C—C7H ester (D : X=C,0,Cl, 
Ha H 
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p 
Conversion of ṣọ into endo-dicyclopentadiene and of 
+” into ester (1) mvolves removal of one HB; m the 
former case a C-O bond is formed between the carbon 
atoms indicated by asterisks, while in the latter case 
combination of one B- occurs with the carbon atom 
indicated by a cirele. 

It has been shown (unpublished experiments) that 
the interaction of endo-dicyclopentadiene and tri- 
chloroacetic acid leads predominantly to the trichloro- 
acetic acid ester (LI^) of exo-hydroxydihydrodioyelo- 
pentadiene, rather than to ester (I). Thus the velocity 
coefficient, ke of the reaction endo-dicyclopenta- 


h 
diene + trichloroacetic acid — ester (IT’) is probably 
large compered to k’,. 
C. F. Buaxeiy 
A. WaAssERMANN 


Department of Chemistry, 
University College, 
London, W.C.1. 
+ Rubin, Steer and Wassermann, J. Chem. Soc., 9046 (1949). 


MODE OF FORMATION OF 3,4-BENZOPYRENE IN HUMAN 
ENVIRONMENT 


By Pror. G. M. BADGER, R. W. L. KIMBER and T. M. SPOTSWOOD 
Untversity of Adelaide, South Australla 


oor, soak ies shale oil and some petroleums have 

long been recognized as the probable cause of 
certain ‘industrial cancers’, particularly oancers of 
the skin. Yamagiwa and Ichikawa! demonstrated 
experimentally that coal tar has cancer-producing 
activity in laboratory animals, and a pure carcino- 
genic hydrocarbon, 3,4-benzopyrene (VII), was 
isolated from coal-tar pitch in 1988". The same 
hydrocarbon has since been identified in soot? and 
in shale olt. 3,4-Benzopyrene may be ohiefly 
responsible for the cancers caused by soot, coal tar 
and shale oil; but other carcinogenic hydrocarbons, 
notably 3,4: 8,9-dibenzopyrene, 3,4 : 9,10-dibenxo- 
pyrene and 8,4-benzofluoranthene have since been 
identified in coal tar’. - 

In recent years 3,4-benzop e and other poly- 
cyclic aromatic hydrocarbons Nave been identified in 
carbon blacks‘, in processed rubber’, in atmospheric 
dust*, in the exhaust gasos of petrol and diesel 
engines", in coal gas?*, in coffee soote", in human hair 
wax", m oysters and barnacles taken fram polluted 
water!*, in Icelandic smoked food and in the soot 
from a smoked sausage factory, in anuff¥, in 
tobacco’ and in cigarette and tobaceo amoke!’. This 
widespread occurrence of 3,4-benzopyrene in human 
environment suggests that this hydrocarbon may be 
implicated in the causation of some cancers in addition 
to those of industrial origin. The mode of formation 
of 3,4-benzopyrene therefore seams to be of impor- 
tance. 


The carcinogenic hydrocarbons which occur in 
human environment seem to be formed only at high 
temperatures, that is, by reactions under pyrolytic 
conditions'*. Several plausible mechanisms for the 
formation, of 8,4- can be postulated, 
notably the addition of a two-carbon unit to chrysene 


or to 1,2-benranthracene, or of a four-carbon unit 
to . As a working hypothesis, however, it was 

18 that 3,4-benzopyrene may be formed from 
simple unita by a step-wise syntheais, as in (I) > 
(VII). Posmble intermediate compounds would be 
ethylene or acetylene (for I), butadiene or vinylacety- 
lene (for II), styrene or ethylbenzene (for IIT), and 
phenylbutadiene, n-butylbenzene or tetralin (for IV 
and V). 


ie elie ot 


t) an 
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In his olassical experiments, Berthelot'!* showed 
that when. acetylene is heated it gives a tar contaming 
benzene and other aromatic hydrocarbons; and 
Kennaway"* later showed that tar p by passing 
acetylene and hydrogen through a tube at 700° has 
powerful cancer-producing properties. It has now 
been found that tar produced by the pyrolysis of 
acetylene contains 2 per cent 8 »4-benzopyrene". 

The moomplete combustion of organic compounds 
often gives some acetylene", and acetylene has been 
detected in tobacco smoke”. Nevertheless it seams 
unnecessary to postulate that the pyrolysis of sub- 
stances giving benzopyrene invariably proceeds by 
initial cracking to a two-oarbon unit, followed by 
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re-synth8ms. Indeed, it seems more reasonable to 
suppose that the formation of benzo from 
dicetyl™ and from aliphatic tobacco hydrocarbons™, 
for example, proceeds by inttial cracking to a C,, unit, 
which afterwards gives a CeO, unit (IV, V), and 
thet two such unita then give the key intermediate 

The participation of an intermediate such as (VI) 
in the formation of benzopyrene has some experi- 
mental support. When tetralm is treated with 
aluminium chlomde it gives a complex mixture 
(‘Schroeter tar’)** which becomes i io on 
heating*’, and which has now been shown. to contain 
8 »4-benzopyrene™. 6-4’-Phenylbutyltetralm is a 
major constituent of this mixture; some 5-4’- 
phenylbutyltetralm (VI) would also be expected, and, 
although none could be isolated™, rts absence may be 
due to ita too ready conversion into the 3,4-benzo- 
pyrene actually isolated. Attempts to synthesize 
5-4’-phenylbutyltetralin (VI) have so far been 
unsuccessful; but the related 1-4’-phenylbutyl- 
naphthalene has been shown to give same 8,4-benzo- 
pyrene (albeit in small yield) on pyrolysis". 

In order to test the hypothesis further, several 
possible intermediate compounds (butadiene, 
styrene", ethylbenzene"*, phenyIbutadiene”?, n-butyl. 
benzene** and tetralin**), have been pyrolysed at 
700° and the tars analysed. 3,4-Baenxzo- 
pyrene has been identified m each case, but the 
amount formed varied from compound to compound. 
Moreover, other campounds (toluene**, n-propyl- 
benzene** and indene™), which are not direct inter- 
mediates in the scheme (I) + (VI), were also found 
to give some ə on pyrolysis. However, it 
may be significant that of the simple alkylbenzenes 
structure (IV), namely, 
the greatest quantity of 8,4- 


In each cese it has bean possible to predict which 
bonds must have the lowest bond dissociation 
energies, and will therefore be most likely to break 
(at the high temperature involved) to yield free 
radicals. The observed products oan then be 
acoounted for by secondary reactions involving these 
initial or primary radicals. In the pyrolysis of phenyl- 
butadiene’, for example, phenyl-, butadienyl- and 
phenylbutadienyl-radicals must be important initial 
radicals; and naphthalene is an important product 
of this pyrolysis. The presence of finoranthene, 
phenanthrene, and of 8,4-benzopyrene in this tar 
oan then be accounted for by attack of the radicals 
mentioned on naphthalene, followed by cyolodehydro- 


wT 


Fluoranthene 


op-ed 


Phenanthrene 
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In the same way the alkylbenzanes must 
primary fission to radicals such as C,H; O,H,CH,:, 
CH,OH,-, oto., and the products oan be accounted 
for by secondary reactions involving these radicals. 
Cham re-synthesis must proceed to an appreciable 
extent, for naphthalene 1s present in all the tars, and 
this must be formed from a C,-C, unit. The probable 
mechanism of chain re-synthesis may be illustrated 
by the following : 


Ph- + CH, = CH, — PhCH,CH,- 
PhCH,- + CH, = CH, -+ PhCH ,CH ,OH,- 
Ph- + OH, = OHCH = CH, -+ PhCH,OH = CHCH,- 


A detailed examination of the resulta (Table 1) 
leads to the conclusion that the formation of 8,4- 
benzopyrene from chrysene or 1,2-benzanthracene by 
reaction with a C, unit can be discounted on the basis 


, of the wide vanations in the relative yields of these 


compounds. The pyrolysis of indene™, for example, 
yields little 8,4-benzopyrene, although the yield of 
chrysene is high and ethylene 1s present in the exrt 
gases. 


Table 1. YINLDS OF 1,2-BEKLAKTHRACINN, OHRYSAETE, Prioore AND 
8,4-BENLOFYRENS IN PYROLYTIO TARS 
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04 
0 81 
00l 
0-46 
0-2 
46 
119 
0 3 
2-6 
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On the other hand, it seams that reaction of a ©, 
unit (such as butadiene) with a pyrene intermediate 
may be an important route to 3,4-benropyrene, in 
addition to that represented by (I) + (VI). Thus 
although the pyrenoe/8,4-benzopyrene ratio is very 
low for tetralm tar, tt is relatively high for moet 
of the other compounds examined. The variation is 
best explained by assuming that both mechaniams 
operate to a varying degree depending on the nature 
of the compound pyrolysed. With the exception of 
the tetralin tar, in which the benzopyrene may be 
formed abmost exclusively by the route (I) + (VID), 
it will be noted that tare having high yields of 3,4- 
benzopyrene also have high yields of pyrene (for 
example, acetylene, butadiene, n-butyiIbenrene) and 
tars having low yields of 8,4-benzopyrene have léw 
yields of pyrene (for example, indene). 


gee 


(VI) 


A suitable pyrene intermediate could be formed as 
follows. Dimerization of butadiene gives vinyl- 
cyclohexene, and two vinyloyolohexene radicals 
(YOD could give a hydropyrene (IX). Dehydro- 
genation of this would give pyrene (X); but addition 
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of another molecule of butadiene followed by dehydro- 
genation would give 3,4-benszo g 

This work has been by the Damon 
Runyon Memorial Fund for Canoer Research Ino., 
to whom we express our thanks. 
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ISOMERIZATION 


AND POLYMERIZATION OF ee AND ¢-PINENE 


By T. H. BATES and Da. T. FFRANCON WILLIAMS 
Chemistry Division, Atomic Energy Research Establishment, Harwell 


TAIN molecular rearrangements characteris- 
tic of reactions undergone by mono- see 
offer varied examples of processes occurring 
bonium ion mechanisms". Tivier of recent mieis 
in the possibility that reactions induced by ionixing 
radiation in some organic systems occur in pert by 
ionio species, it seams prepay pea to describe some 
investigations on the iolysis of a- and f-pinene. 
All the irradiations have been carried out using cobalt- 
60 gamma-rays on liquid samples of high purity 
in vaowo. 


a-Pinsne, S 


The producte of irradiation at the ambient tempera- 
ture of the source (about 80° O.) consist of 
isomers of a-pinene, and a low molecular weight 
(Ma = 428 +9) polymer ing to the 
average formation of a trimer. ots of molecular 
weight intermediate between hydrogen and Os 
compounds are only formed in minute amounts by 
comparison with the above, as revealed by gas-liquid 
ic analysis. Yields of hydrogen and 
polymer, the latter in terms of monomer 
disappearance, are 0-56 and 5-0 molecules per 100 
eV. respectively ; the latter yield oan anly be oon- 
sidered approximate beosuse of the difficulty of 
removing the last traces of solvent from the polymer. 


_ Isomerization has been studied in detail by gas- 
chromatography of the irradiated liquid using 
paly: ee P 
ia this manner it was posible to analyse 
a a a cent 
in the a-pinene. The identification of the i idual 
isomers was acoomplished by the collection of 
ap te fractions on elution from the column 
Ste Ane Geter occas. te cease of 
the infra-red and ultra-violet spectra of the isolated 
componenta. By these procedures, 


~}—4 


have been identified as the two main isomerio products 
with initial 100 eV. yields (Œ values) of 2-2 and 0-9 
Rese: The rate of growth of ocimene oon- 
increasing irradiation 

dose, and there is evidence of the formation of 


allo-ocimene 


pi 
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E pome irradiation exposure, presumably by 
er isomerization of the primarily formed ocimene. 
By contrast, the formation of dipentene is linear with 
dose up to a concentration of 1-0 per cent in the 
a-pinens. 

Other isomerization or rearrangement products of 
similar molecular weight are formed in lower yields 
of which by far the most abundant (G = 0-8) is a 
compound ‘X’ with a chroma’ hic retention 
time slightly lees than that of dipentene, but we have 
not yet succeeded in identifymg ita structure; it 
can be stated, however, that it does not contain 
terminal group unsaturation (vinyl or vinylidene) 
and its ultra-violet spectrmm does not exhibit evidence 
of extensive conjugation. 

The irradiation of a-pinene at — 196° O. gives G 
values for the formation of ocimene, dipentene and 
=x to 0 8, 1-8 and 0'8 respectively ; thus in 
the solid state the isomerization proceeds more readily 
to dipentene but is appreciably leas facile in favour 
of ocimene. 

It is of related interest that the formation of 
ocimene, dipentene and allo-ocimene have been 
observed by Hawkins et al.’ in the vapour phase 
thermal isomerization of a-pinene using short contact 
times on an electrically heated element. In the liquid 
phase it has also been shown’," that the pyrolysis of 
a-pinene at temperatures exceeding 200° C. leads to 
the formation of a- and §-pyronenes by the cyclization 
of allo-ocimene, the latter being iteelf formed from 
the initial production of ocimene in the system. By 
contrast it has been found," that the homogeneous 
acid-catalysed isomerization of a-pinene gives mainly 
monocyclic terpenes, including dipentene, whereas 
the heterogeneous acid reaction on activated clays 
gives predominantly camphene; ocimene formation 
has not been reported under acidic conditions. 

An interpretation of the radiolysis resulta to allow 
for ocimene production would be the unimolecular 
rearrangement of either electronically or vibrationally 
exoited a- pinene molecules by the splitting of the 
oyolobutane ring without the intermediate secession 
of atomio hydrogen or free radicals; this 
can be considered analogous to the mechaniam of the 
thermal decomposition of cyclobutane to give two 
molecules of ethylene’*. The excited molecules could 
arise in radiolyms either by direct excitation or by 
neutralization of the initially created positive ion ; 
it is also feasible that the excited ion undergoes re- 
arrangement to the ocimene structure before neutral- 


D = 


The lower yield of ocimene at — 196° O. relative to 
room temperature may not be solely due to the 
increased energy berrier to the isomerization at the 
lower temperature. Even allowing for the maximum 
8n—6 degrees of vibrational freedom, the energy 
difference per molecule between — 186° O. and 30° C. 
would not exceed 1-5 oY., whereas it has been calcu- 
lated}* fram the Bethe theory that the average energy 
imparted by fast charged particles to a medium of 
hydrogen-like atoms is about 5 eV. per direct axcite- 
tion. A calculation of the activation energy for the 
first-order thermal decomposition of a-pimene to 
ocimene and other products from the data given by 
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Hunt and Hawkins gives a value of 37-7 k.cal./mole 
or 1-6 eV./molecule. It is likely, therefore, that the 
frequency factor for the rearrangement reaction (1) 
is adversely affected by the sterio canfinements of the 
solid state at low temperature. 

The process of dipentene formation ia the result of a 
sciasion reaction at the gem-dimethyl substituted 
carbon atom in the oyclobutane ring; it oan be 
represented formally as the transfer of a hydrogen 
atom fram one of the methyl groups to the carbon 
atom at which the cyclobutane rmg is severed leaving 
behind an ssopro Sa al a aca ad 
position in ihe ew hexane ring. 


D ~~ 


proceeding with a more detailed considera- 
i ee ap on the 
nature of the positive ion likely to be formed on 
irradiation of a-pinene. Chang, Yang and i 
have that the molecular ion pri 
formed on radiolysis of olefin systems is the adil 
ion produced by localization of the positive charge 
at the unsaturated carbon atoms; thus for «-pinene 
1t would be represented by I. 


mI 


On the besis of the well-understood preferential 
t+ of the carbonium ion II (as produced 

by proton addition to «-pinene) to the form shown in 
IV, it can be argued that I would rapidly rearrange 
to the analogous form shown in II. The mass spectral 
pattern for a-pmene (A.P.I. Research Project 44, 
Serial No. 465) reveals that less than 5 per cent of the 
parent ion is detected, and the most abundant ion is 
of mass 93, which corresponds to the removal of the 


(2) 


(CH;,), d and a hydrogen atom from the 
X 


perent. However, in the rarefied conditions of a mass 
spectrometer chamber and because of the relatively 
large time-mterval before detection (10-5 sec.), the 
initial ion is much more prane to extensive decomposi- 
tion by endothermic step-wise fragmentation than 
in the liquid phase ; in the latter case it is 
that hata relaxed conditions t the ether 
decomposition of the rearranged ion IT prior to the 
eventual neutralization process which has been 
estimated for some liquid systems to occur in 10-1*- 
10-¥ sec. (ref. 15). A similar conclusion can be reached 
a oe itive ion species by 
comparison with MASE i for alkanes 
substituted carbon atoms. 
As an example, the parent ion for neo-pentane is 
almost non-existent (about 0-01 per cant) in the masa 
pattern and the mam peak is due to the tert-butyl 
carbonium ion, O,H,*. In explanation, Field and 
Franklin have calculated that the decomposition 
of the parent ion according to (8) is almost thermo- 
neutral whereas an alternative mode of dissociation 
given by (4) is 73 koal./mole endothermic. 
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OH, +0Hy (3) 
OH, +0H (4) 


An ion dissociation process of type (8) involving 
negligible activation energy is expected to proceed 
Pa ee ee ee ee 
factor of the reaction ; for a simple bond dissociation 
in anion, Stevenson! has indicated that the 
factor is 10t seo.-}. Accordingly, even in the liquid 
state, reactions of type (8) may be expected to occur 
before neutralization, whereas endothermic proceases 
are largely precluded by the short lifetime of the ion 
(about 10-13 geo.). A fuller discussion of the implica- 
tions of fast ion dissociation reactions for the radiation 
chemistry of branched hydrocarbon systems, includ- 
ing polymers, will be given by one of us in a future 
publication’. The relevance of a reaction analogous 
to (3) for a-pinene can be seen by considering the 
mode of decomposition of the parent ion V; im this 
instance it is possible to form two alternative oer- 
bonium ions by the scission of the cyclobutane ring 
on either side of the gem-dimethyl group, constituting 
the quaternary substituted cerbon atom im the 
‘centre’ of the molecule, as represented in (5) and (6). 


~ 
“6 , 


The removal of a ee group in the above acission 
is discounted since the attached group is 
generally the most labile in the breakdown of a 
branched parent ion¥*. Con ing the alternative 
proceases (5) and (6), the former will olearly be 
favoured by the greater resonance stability of the 
allylic radical ag represented by the equivalent 
mesomerio structures shown for II. It oan therefore 
be concluded that the most likely ion to be produced 
in the radiolysis of a-pinene oan be represented by II 
whether the e charge is initially considered to 
occur at the double bond or at the tetra-substituted 
carbon atam ; since these two locations represent 
regions of ‘electron denatty m the original molecule 
it follows the positive charge would tend to 
concentrate preferentially at these locations. 

The neutralization of the ion-radical II by the con- 
Jugate electron can be ted in three Ways : 
first, by neutralization of the carbonium ion to give 
a biradical VII followed by disproportionation 
involving hydrogen atom transfer from one of the 
methyl groupe to the ring position and the oon- 
comitant formation of an ‘ssopropenyl group as 
represented in (7). 


rS 


neo — C, Hit +t — 
neo — CH, +t — 
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A oriticiam of (7) is that the ease of hydrogen atom 
transfer from the methyl group to the ring position 
may not be sterically favoured. Secondly, electron 
capture may proceed at the radical location in IIL 
to create an ion-pair VIII in the same molecule, as 
shown in reaction (8) : 


ond - 


the postulated relative stability of VIOT as an inter- 
mediate state is assumed to be derived from the 
delocalization of the positive charge on the osr- 
bonium ion im this instance, accruing from the 
inductive effect and hyperconjugation of the attached 
groups. The contribution of solvation forces to the 
increased stability of tri-substituted carbonium ions 
may also be of si cance’ although the low dielectric 
constant of a-pmene is not particularly favourable 
in this oase. Apart from the obvious possibility of 
ionic combination to re-form a-pmene, there exists 
the likelihood of proton expulsion from the carbonium 
ion and concomitant capture of the proton by the 
negative ion held in close juxtaposition by the coulom- 
bio forces of the ion-pair ; these latter processes bear 
an obvious parallel to the classical Syl and W1 
mechaniams origmally invoked by Hughes and 
Ingold’ to explain the reactivity of tertiary-butyl 
halides. So, by analogy, the proceas of dipentene 
formation as in (9) can be regarded as equivalent to 
the elimination reaction found to accompany substitu- 
tion processes in carbonium ion reactions™. 


vil 
The third mechaniam of neutralization of IT is 
essentially a variant of the previous one in which the 
electron functions as @ nucleophilic entity and 
attracts a proton from the carbonium ion, thus forming 
a hydrogen atom. Subsequent combination of the 


hydrogen atom and the radical would again lead to 
dipentene as in (10). 


-- 9-2 


If prior to neutralization the carbonium ion I, 
or the ion-pair VIII, could transfer ita proton to 
another molecule of «-pinene, then there would be 
the possibility of the isomerization of several «-pmene 
molecules per initial ion acoording to the usual acid- 
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catalysed mechanism! of dipentane formation. How- 
ever, consideration of the yields obtained, suggests 
that the cy of transfer is small compared with 
the initial number of ians formed ; in this connexion 
the slight increase in yield at — 196° O. over room 
temperature conditions may be an imdication of some 
migration in the solid state arising from a longer 
life-time of II before neutralization. The apparent 
absence of an isomer of 
would be formed by the 
aa es da caso (a) cet 
with the mechanism above. 


act. Polymer formation oan be formulated as a 
consecutive ion-molecule reaction (11) in which the 
initiating species is the carbonium ion II and the 


give rise to either a dirddical, an or a radioal 
plus hydrogen atom. If a inp 


E 


On irradiation, as -pinene polymerizes readily at 
ambient room with a large yield, 
Gintetal pear 2,000, to very high oon- 
versions (90 per cent)". or water is present 
the polymerization is “hibited 


was insoluble or soluble in the remaining monomer. 
In s typical experiment, the yield of ipitated 
De ee ee ee ee ee the soluble 
on. The insoluble polymer consists of a white 
solid showing birefringence to polarized li and hav- 
ing a melting point exceeding 200° at which 
temperature it does not undergo obvious decom- 
position in the absence of oxygen; it is Insoluble in 
moet organic solvents of boiling point less than 
100° O. Analysis of the carbon hydrogen content 
on sample which had either been melted in vacuo 
after irradiation (ostensibly to remove any free 
radicals formed. by irradiation of the precipitated 
oa the polymerisation) or been Kept in 
abeence of air gave exdct concordance with the 
i ie.) ; however, the analysis of samples 
further exposed to atmospheric oxygen for more than 
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a week indicated that oxidation had occurred and this 
was, confirmed by infra-red evidance of the formation 
N 


of O =O groups on standing. Infra-red examina- 


tion of the precipitated porai in & potassium 
iiaa disk immediately after irradiation revesled 

the spectrum to contain all the absorption bande 
listed™ for a sample of f-pmene polymer obtained 
either by Friedel-Crafts or Ziegler type polymeriza- 
tion, supporting the pel oes 


O 


as the most probable repeating unit m the polymer 
structure. ion bands not characteristic 
of the Friedel-Crafts polymer and also absent in a 
le of commercially available §-pinene resin are 
found to be consistently present m all polymers 
formed by irradiation. The soluble Dea Sigs was 
found to have a softening point in sees eg 
105° O. and the infra-red spectrum was to 
that of the precipitated fraction ; molecular weight 
measurements by an ebullioscopic method in ohloro- 
form as a solvent gave a value of 550. For the total 
polymer, the ae weight d lagen ae 
uncertain to ite relative insolubility but 
Pae or L480 Gadi he infaceed from the data for the 
portion of sample dissolving in chloroform at ite 
boiling point. 

Detailed Information as to the polymerization kine- 
ties is not as yet complete ; but the results obtained 
hitherto using monomer, prepared by fractional 
distillation pessage down a silica gel column, 
Gaon’ ihat tha poly peckation ia verecdanibie ead 
not largely affected in terms of yield per total dose 
either by dose-rate or cell diameter. Irradiation at a 

mean temperature of —40° O. resulted in a two-fold 
panting of polymer yield by comparison with the 
room temperature resulta. 

By comparison with the ease of the polymerisation 

the isomerization induced by irradiation of 
f-pinene is of 
low yields (@ < 0-1) of dipentene and other isomers 
have been observed. 

8-Pinene is recognixed™ as typical of a group of 
monomers that undergo polymerization by ionic 
initiators such as Friedel-Crafts catalysts but not by 
free radical agenta ; for example, the addition of car- 
bon tetrachloride to 6-pimene* initiated by benzoyl 

leads to an almost tive yield of 1 : 1 
addition product without the formation of polymer, in 
contrast to the partial polymerization (telomerization) 
aie oie seek a Gi 

complete analogy with the previous discussion 
Pig eg prs lire Da ar POE 


is given by X = CS; it is postulated that - 


No. 4738 August 20, 1960 


CH, CH, 
LOP D > aO 
CH, 4 H 

E i 

CH, 7 


either this carbonium ion-radical X or the ion-peir 


eC ee 


species for polymerization. The results 
of ee aus mvestigation show unequivocally that the 
rae yela of relatively low molecular weight polymer 

on corresponds to the occurrence of a large 
oe (about 100) of separate polymerixation 
chains per 100 eV., and since the number of primarily 
formed initiators cannot attain such high values 
the obvious implication is that the polymerization 
is sustained by transfer of an initiating species from a 
propagating tymer cham to a monomer. Such 
transfer are well known to ocour in 
iaie poljetaatiode® by Proton Genus aud aro 
illustrated in this instance by reaction (12). 

The oan be written for the general 
case of the ion R+ as m (13) and involves the open- 
ing of the cyolobutane ring as previously conceived 
for the case of «-pinane. 


CH, 
+ l 
ean ma O os 


Ror high polymerization yields to booted by a 
cationic' mechanism in radiation chemistry it is 
necessary either that the polymerization chain, 
including possible transfer, occurs in a time of about 
10-4 sec., that is, before neutralization, or else the 
conjugate electron must be stabilized for sufficient 
time +o allow the polymerization to proceed m a 

thermal manner before termmation. Ander- 
sont the former explanation for the 
polymerization of butadiene, whereas Dainton® and 
also Davison, Pinner and Worrall? have put forward 
the view that the electron is probably trapped by 
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gub-microscopic solid particles in 
liquid isobutene. Another general 
possibility arismg from this pres- 
ent work is that of the creation 


(12) of sufficiently stabilized ion-pair 


CH, 


the ease of transfer of a proton from e carbonium 
ion to the monomer. 

We wish to thank Dr. W. Wild for his interest 
during the course of this work. 
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SILKWORM RAISING ON ARTIFICIAL FOOD 


By TOSHIFUMI FUKUDA, MITSUMASA SUTO and YOSHIKICHI HIGUCHI 
Sericultural Experiment Station, Suginami-ku, Tokyo 


TITEMPTS to rear silkworms, Bombyx mors, on 

an artificial food have been made for a long 
time. However, there are no reporta that ailkworm 
larve have been reared on artificial food only from 
hatching to spinning. Recently, Hamamura! and 
Ito" found that silkworms will eat agar-agar contain- 
ing nutriments for two or three days, and pointed 
out that thia phenomenon is of value for study of food 
- selection of the silkworm larva. Yoshida eż al.* have 
succeeded in rearing silkworms on artificial food, from 
hatching to the fourth day of the fifth instar (maxi- 
mum). They could not, however, get the silkworms 


to produce cocoons. So we reared silkworms by 
improving the composition of the artificial food and 
the method of the silkworm raising devised by 
Yoshida et al., and succeeded in making silkworm 
larve produce 86 cocoons, starting from 110 worms 
hatched from eggs. The silkworms pupated, and the 
fertilized moths laid their eggs. 

The composition of the basal artificial diet is given 
in Table 1. 

To this basal diet (8-5 gm.) was added 5 ml. of 
20 per cent sucrose solution, and 10 ml. of the inhibi- 
tor solution. The mhibitor solution was prepared by 
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Cable 1. Oomposrmiox OF THE BABAL DIRT 
Powdered mulberry lea ves* 5 
‘Kinako’ Vea of parched bean)t i Fen. 
a po soy gm. 
Kador non-fat (froren soy been it lgm 


* Leaves pioked from mulberry trees Kokma 0:39 Oe Tohinose) 
wore dried at not more than 40° O. under vacuum, and then powd: 
to pass through an 80-meah vere. 


t Potato starch and ‘Kinako’ isspectrvely were passed through an 
80-mesh sieve. 


t The dried ‘Koaridofu’ was tieated with other to remove fat, and 
then powdered to pass through an 90-mesh nere. 


diseolving 0-1 gm. of vitamin K, 0 3 gm. of sodium 
dehydroacetate and 0-2 gm. of sodium sorbate in 
100 ml. of distilled water by heat. This inhibitor is 
necessary to stabilize the artificial diet, and to prevent 
its decomposition. The mixture was stirred well with 
a glass rod. The artificial food prepared was sterilized 
in an autoclave for 15 min., and stored in a refrigera- 
tor. The artificial food thus prepared remains good 
for & week 

A piece of wet filter paper was placed in the bottom 
of a Petri dish ready for raising the silkworms. 
This was covered with a piece of paraffin paper. 
The artificial food was placed on the paraffin paper, 
then the newly hatched worms (the hybrids between 
St 115 x St 124 and Nichi 182 x Nichi 124) were 
placed on it and reared there. The dish, covered with 
a lid, waa placed in a sterilized box at a temperature 
of 25° O. and at 92-96 per cent humidity. The artı- 
ficial food was cut in slices 0-1 mm.—0-3 mm. thick. 
Each slice prepared was sterilized in an autoclave for 
15 min., and then stored in a refrigerator for 12 hr. 
before use. Slices were fed to the silkworms twice 

at 12-hr. intervals. 

e time between hatching of silkworm larva and 
spinning & cocoon was 45 days. This is about twice 
as long as the same race reared on mulberry leaves. 
The pupal period was 14 days. Fig. 1 shows the 
ailkworms at the eighth day of the fifth instar, three 
days before spinning, eating the artifical food. 
Among 110 newly hatched silkworms, 36 spun their 
cocoons, and 24 silkworms underwent the pupa 
stage (92 and $22) and 24 became moths (92 and 
322). The weights of the matured larva, the 
pupa (at the sixth day after pupation), and the 
moth were respectively 1-13 gm., 0:62 gm. (¢), and 
0-33 gm. (8g). Fig. 2 shows the matured larva, the 
pupa, the moth, the cocoon, and the eggs obtamed 
by using artificial food. The weight of the cocoon 
fibres produced by one silkworm was 86 mgm. (130 
mgm. maximum), and ite value is about 20 per cent 
(about 40 per cent) of that m the case of the silkworm 
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reared on mulberry leaves. The length of a silk fila- 
ment unwound from one cocoon was about 450 m. 
In a matured larva, the pair of silk-glands developed 
quite well. The number of the eggs laid by one moth 
was 327. One egg was 1-291 mm. long by 0:952 mm. 
wide. 

We succeeded in rearing mikworms, from hatching 
to the moth, on artificial food ; but this fact does not 
mean that the artificial food used 1s the most suitable 
one for silkworm raising. The weight of the cocoon 
fibres obtained at present is not very much. By 
improving the composition of the artificial food used, 
however, it may be possible for the silkworm to 
produce a much larger amount of cocoon fibres and 
eggs. Concerning the artificial food, especially the 
powdered mulberry leaves, rt is interesting to note 
that the nutritive value of the powdered leaves de- 
creases remarkably when the powder has been at room 
temperature for & long time, stored m a glase bottle. 
In the case of ailkworms at the first age reared on 
an artificial food contaming this powder, a great part 
of the silkworms would not have been raised to the 
second age. This phenomenon seems to be of interest 
in relation to the food selection of the silkworm larva. 
In the artificial food used the powdered mulberry 
leaves is present in relative abundance (about 20 
per cent). It seems to be dearrable, if possible, to 
replace the mulberry leaf powder with some other 
simple nutriment. 

We also tried to rear the wild silkworm (Adaows 
ricins) with artificial food, and succeeded in rearing it 
until just before the fifth instar, starting from the 
hatched mikworms. The artificial food used for the 
wild slkworms was one in which the powdered mul- 
berry leaves were replaced by powdered castor-oil 
(Riomus communts) leaves, which 1s used in artificial 
food for Bombyx mort. 

We wish to thank Dr. Eikichi Hiratsuka, Dr. 
Tadao Yokoyama, Dr. Tokutaro Yoshida, Mr. Michio 
Matsuoka (Sericultural iment Station, Tokyo), 
Dr. Shojiro Ishii (Natio Institute of the Agricul- 
tural Science, Tokyo), Prof. Marcel Florkin (Univer- 
sity of Liège, Belgium) and Prof. Jean Leclercq 
(Univermty of Lidge) for their kindness and advice. 
Our thanks are especially due to Mr. Koichi Kimura 
for helping us with the preparation of artificial food. 
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ENZYMATIC ACTIVATION OF A HORMONE-LIKE RESPONSE IN 
HYDRA BY PROTEASES 


By Dk HOWARD M. LENHOFF and JOHN BOVAIRD 
Blochemistry Laboratories, Howard Hughes Medical Institute, Miami, Florida 


HE mechanism by which excitatory compounds 
act on cells is not clearly understood. (In view 


biological response; thus hormones are the most 
studied group of excitatory compounds.) Some recent 
work, which has been concerned with the action of 
exogenous excitatory compounds on tissue slices’, is 
in agreement with the belief that cellular integrity is 
essential for excitatory compounds to elicit their 
response’. As another approach to this problem, 
we have been studying the action of an exogenous 
excitatory compound on an intact, simple, aquatic 
animal which Das not developed past the tiasue- 
level of organization‘. This system involves the action 
of reduced glutathione in eliciting the feeding reflex 
in Hydra. In this article we present resulta which 
demonstrate that certain proteases can simulate 
enzymatically the action of reduced glutathione 
on the live ani . 

Small amounts of reduced glutathione have been 
shown to act as a ‘feeding hormone’ in eliciting the 
feeding reflex in Hydra’ and in other hydrozoans*. 
As pointed out by Loomis’, the feeding reflex involves 
the well-oo-ordinated muscle movements necessary for 
the ingestion of prey by the Hydra. In Nature, the 
Hydra can carry out the feeding reflex only by 
puncturing the prey with spear-like nematoocyste 


fluids ooze from the wound into the water surrounding 
the Hydra. Reduced glutathione, which is present 
among these fluids, induces the Hydra to carry out 
the feeding reflex resulting in the ingestion of the 
wounded prey. Simoe reduced glutathione is present 
only in live or recently killed food, the carnivorous 
Hydra, which lacks the specialized sensory organs 
found in higher forms, is enabled to select living food 
for ingestion through the stimulation produced by 
reduced glutathione. Loomis? has demonstrated 
that the experimental addition of reduced glutathione 
to Hydra will induce the animal to ingest even dead 
food which is devoid of endogenous reduced glate- 
thione. 

In the experiments to be described, the feeding 
reflex is measured quantitatively by averaging the 
lengths of time (in minutes) durmg which the mouths 
of all the Hydra tested remained open in to 
the protease. This is the procedure by which the 
normal response to reduced glutathione is measured‘. 
Male Hydra littoralis, reproducing asexually in labora- 
tory mass cultures’, were used in all the experiments. 
The assay consisted of the following procedure: 
- five Hydra, which had been starved for one day, were 


rinsed three times in 80-ml. aliquotea of standard 
culture solution (see below) during a 20-seo. period ; 
then, in one drop of culture solution, they were 
placed in 2 ml. of the solution to be tested (‘test 
solution’), and were observed immediately through 4 
binocular dissecting microscope. The lengths of 
time that the mouths of the Hydra remained open 
were recorded, and the average was taken. The test 
solution was oontained in the spherical cavity 
(38 mm. diameter) of a 3 in. x 3 in. depression slide. 
The mi was set at x 19-5 magnification. 
The enzymes and proteins used were: 


and hyal pear aa e Corp 

uronidase (W i Biochemical a 
Freehold, N.J.); ohymotrypein, ficin, in (twice 
crystallized), cathepein O, anbat y roridasenik 
anhydrase, catalase, a-amylase, and egg albumin 
(Nutritional Biochemicals Corp., Cleveland, Ohio) ; 
urease (twice crystallized), casem and hæmoglobin 
(Mann Research Laboratories, N.Y.); cellulase, 
aloohol dehydrogenase (twice crystallized), lactic 
dehydrogenase, hexokinase and bovme serum albumin 
(Bigma Chemical Co., St. Louis, Mo.); elastase 
(Warner-Chiloott, N.Y.) ; muscle aldolase and a-gly- 

Southeastern Bi 


Chemicals, Rochester, N.Y.). The enzymes and 
proteins were used at a concentration of 0-1 mgm./ml. 
unless stated otherwise. All the enzymes were 
dissolved in the standard culture solution of 10- M 
calctum chloride and 10“ M sodium bicarbonate at 
pH 7-3-7-8, and were 


. 3a). 
activate 


oyEtem, 
ep: 20). (It should be emphasized that the hy- 
dry. group kaa recently beer ehtwn bo be urno ceis 
for the activity of reduced glutathione on the Hydra. 
These analogues, ophthalmic acid and norophthalmic 
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acid, which bave methyl and hydrogen respectively 
replacing the sulphydryl group of reduced gluta- 
thione, can induce the feeding reflex*. On the other 
hand, reduced asparthione, which contains one less 
methylene group than reduced glutathione, is 
inactrve’. Thus, it appears that the receptor is very 
specific for the molecular size and shape of reduced 
glutathione, and does not depend upon the sulphydryl 
moiety.) Fic, another proteolytic enzyme activated 
by oysteine!*, alo bebaved similarly to papam 
(Exp. 3). The dialysed ficin did not elicit the response 
(Exp. 8a); addition of cysteme to thé enzyme 
resulted in a significant response (Exp. 3b); and 
boiling destroyed the ability of flom to elicit the 
feeding reflex (Exp. 30). 

Results obtained using orystalline trypsin are given 
in Exp. 4. Dialysed trypsin elicited a 17-8-min. 
repoa (Exp. 4a). The reaction was carried out at 
pH 5-7, which was found to be more favourable for 
the action of trypsin on the Hydra. The action of 
trypsin in eliciting the feeding reflex was inhibited 
by previously incubating the enzyme with crystalline 
soybean trypsin inhibitor (Exp. 4b). This action of 
the trypsin inhibitor was due to the inhibition. of 
trypsin rather than to any deleterious action of the 
_ inhibitor on the Hydra ; for trypsin inhibitor had 
no effect on the normal response stimulated by reduced 
glutathione. The activity of trypsin was reduced 
only slightly by heating at pH 5-7 for 5 min. at 100°C. 
This is in agreement with previous work concerning 
tho relative heat stability of crystalline trypsin at an 
acid pH (ref. 11). However, boilmg the enzyme 
solution at pH 7- a e E aarece te 
pH to 5:7, reduced the enzymatic activity, and only an 
8-min. response occurred. 

In summary, the results listed in Table 1 present 
evidence that the stimulation, of the feeding reflex by 
papain, flom, or trypsin followed closely the charac- 
teristios of the individual enzymes. Papain and ficin 
acted only in the presence of a 
Trypsin activity was inhibited by trypsin inhibitor, 
and was not imhibited by boiling this heat-stable 
orystallme enzyme at an acid pH. It is concluded that 
the feeding reflex was activated by the proteolytic 
activities of these enzymes. 

In addition to papam, fioin and other 
proteases elicited the feeding reflex m Hydra; the 
pan-protease preparation (pH 65:7), 24:5 min.; 
chymotrypsin, 8 min.; elastase, 1-4 min. Pepsin 
and arysteine-activated cathepsin C were without 
effect, as were the peptidases carboxypeptidase and 
aminotripeptidese. Egg albumin was observed on 
one occasion to elicit a questionable negligible 
response. None of the 18 other proteins mentioned 
could elicit a response. The results of this partial 
survey of protems suggests that, under the conditions 
described in this communication, the activation of 
the feeding reflex is due to the enrymatio action of 
proteases, and not to any non-specific effect of proteins 
in general. 

The results presented in Table 1 may give the 
erroneous impresion that the opening of the mouth 
which oocurred in the presence of proteases was an 
abnormal response to a torio compound. For 
example, some deleterious compounds have been 
observed to cause abnormal opening of the mouth, 
but they did not cause the characteristic feeding 
response. These poisoned ‘gapmg’ Hydra could not 
carry out the highly co-ordinated movements neceg- 
sary to ingest dead food (Lenhoff, H. M., unpublished 
work). In contrast, the Hydra reported in the positive 
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ACMIVATION OF THE FESDING REFLEX SY Proreisss 











in Hp. 4; the latter solutions ware adjusted to pH 6-7 
Mhor 
mouth o 
Focpertmant Test solution Ayden 

(mtn. 

le 10 M reduced glutathions f 20 6 

b 10 M oystetne 0 

2a 20 agm./mL papam 0'1 

b 20 xgmjmL papan + 10~ M 





a 


20 xgm_/ml. pe +10 M 
cysteine, oles 5 min. at 100° 0, 0 


of 
i 
Ẹ 


il 


107° W 
boiled 5 mm, at 100° 0. 01 
‘1 mgm jml. 


trypsin 
A e OTM |g 


-È 
oo 











enzyme experiments listed in Table 1 (Exp. 2b, 3b 
and 4a) were able to manipulate and ingest dead food 
which is devoid of any endogenous reduced nae 
thione. The ability to ingest food is the moet im 
tant characteristic of the feeding reflex as determined 
by Loomis’. It should also be noted that the deleteri- 
ous compounds which cause this gaping usually 
killed the Hydra within a few hours (rahe, HM 
unpublished work). In contrast, the Hydra which 
had been exposed to the proteases for more than 
24 hr. in the experiments reported here remained - 
intact and alive. 

Preliminary experiments have demonstrated that 
either trypsin or papain œan stimulate isolated 
Physalia gastrozoocids to carry out their characteristic 
feeding reflex (Lenhoff, H. M., unpublished work). 
Recently these structures have been shown to 
respond to reduced glutathione in a manner similar 
to Hydra‘. 

ee E which is so complex 

and highly co-ordinated as the feeding reflex can be 
set off by two different classes of substances: the 
normal excitatory compound—reduced glutathione, 
and proteolytio enzymes. A consideration of possible 
mechanisms by which proteases could activate the 
feeding reflex may give insight into the normal 
mechanism by which reduced glutathione acta. One 
possibility may be that the enrymatic cleavage of 
certain peptide bonds alters the permeability of the 
cell membrane and triggers the respanse. Another 
explanation is that key enzymes, which are needed to 
initiate the feeding reflex, may be released from their 
naturally occurring protein inhibitors. For example, 
prann are known to activate deoxyribonuclease™*, 
ctose-1,6-diphosphatase, enzymes involved in 
blood clotting’* and precursors of proteolytio 
enzymes*. Other enzymes have been shown to exist 
in combination with heat-labile protein mhibrtors’*. 
Lastly, oo-factors could be released in the same 
fashion. In the present case, reduced glutathione 
released from the bound state could be such a 
oo-factor. 

As regards the site of action of the proteases, it 
should be borne in mind that the feeding reflex evoked 
by the proteases involves many interrelated 3 
Most probably these processes could not be initiated 
by the action of the proteases on any one of the 
terminal proteins involved in the oo-ordmated 
response. Therefore, it appears that the protease 
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acts on some primary protein which sete off the 
cham of reactions involved in the complex feeding 
iam. A likely candidate is the reduced gluta- 
thione-receptor, or a protein closely associated with 
the. receptor. ~ 
Finally, if does not seam imoonosivable that the 
roteolytic activation of a response normally induced 
be ae eraiil compound, such as occurs with 
Hydra, may be found to occur in other systems. The 
resulta presented in this communication make it 
tempting to speculate that æ besic underlying 
mashanien” by which some excitatory compounds 
‘act on cells involves a proteolytic step. 
Note added in proof. After this article was sub- 


; Was 

“to lead to the release "of some factor(s)” 

which stimulate these activities'’. More recently, 
flom has been reported to stimulate in viiro cartico- 
steroid production by rat adrenal tinsue’*; in vivo, 
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" adrenocarticotrophic hormone carries out this func- 
tion. ` B . 
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STRUCTURE AND SYSTEMATIC POSITION OF THE AUSTRALIAN 
BROWN ALGA, NOTHEIA ANOMALA 


By M. NIZAMUDDIN 
University of Karacht 
AND 
Dr. H. B. S. WOMERSLEY 
University of Adelaide 


N aa ton anomala Harvey and Bailey’, 1851, 
was firsé collected by the United States Exploring 

ion at the Bay of Islands, New Zealand. It 
grows on Hormosira banksii f. sieberi at a 
low littoral level and in low rock pools on rough 


coaste, along southern Australia and in New Zealand. 


with numerous sperms. The branches, which issue 
ee conceptacles, are a further anomalous 
cory 

The discovery, while living material, that 
a i i 


Heterogeneratas. The and reproduction 
Til be ee) briefly hero and will be described 


more fully elsewhere 


mucilage development between 
the three sectors. Some 15-20 oells from the apex 


this distinction is lost. Derivatives of the apical cells 
to form rows of calls _which 


filamentous and nob paren- 
chymatous ; but in older medullary tissue divisions 
in different planes may ooour giving a truly paren 

chymatous tissue tasan. Toucan ia thicken af ths talkas 
1s largely due to the meristematic peripheral layer, 
the cells of which divide first by a longitudinal- 
oblique wall (not reaching the base of the cell), 
followed by a periclinal division near the base of the 


ee ee 


wi he 9o dae A ooo ca 
Sie elt Gk nee. The 


pita obs a en © es es Gi 


ceptacular branches’ and reasons will be advanced 
later for suggesting that these are new planis and not 
real branches. 

les occur profusely scattered over the 
thallus. They origmate by enlargement and trans- 


f Pte ms 


dae atic E EES the upper cell 
Grvides-to form a har and tha lower divides lóngl- 


eee One E O cells to 
form the Most of the cells of the 
id ery produce parapliynes” Laity 


vary from plentiful to absent in some conoceptacles. 
organs measure 48-784 by 12-80, and are 
liberati 


Be ee oe anne O agent TE 
posterior one, the attachment being lateral but close 
to the pointed apex. Macrozoospores contain 2-4 
chromatophores, a single eye-spot and measure 
12-27, x 5-l2u. 

The 64 sooida, formed in organs slighily smaller 
than the macrozoosporangia, are actively motile, 
almost colourless (with one pale chromatophore), 

attached 


Bee ex bead deveias ee al thee 
nature is still unknown. 

During ted observations no fusion between 
the large and small zooids bas been observed, although 
they were moving close together. 

The macroxoospores germinate in culture into 
branched, filamentous gametophytes, with erect 
colourleas hairs. The cells of the prostrate parts 
measure about 124 in thickness, aro 2-4 times as 
hag OON oone r da ae Pag a 
phores. Uniseriate, erect reproductive bodies are 
produced on older filaments, each cell producing a 
single zoojd which is liberated apically through the 
series of fertile cells. These zooids are pyriform, 
aba Se ee ee 


growths such as those found 

scala oani Pee WR ee jeri 
of Notheia, as was obeerved by Barton. 

mantoa growin aro emul entirely within the con 

among the paraphyses and lining 

bus with their colourless hairs sometimes pro- 


chromosome counts have not yet been 
obtained, bub some 26-80 chromosomes have been 
observed in vegetative cells, about 20-24 in paraphy- 
ges and 12-15 in later divisions in the macrozoosporan- 
gium. The thallus of Notheia is probably diploid, 
and the TACTOLOOBPOTeS — and macrogametophyte 


haploid. 
Until the nature of the aoia and the zooids 
from the uniseriate gametophytic organs 


is known the full lifecycle of Notheia will remain 
uncertain. It seems likely that the macrogamsto- 
phytes bear uniseriate gametangia producing 4 
single gamete per cell. The behaviour of the 
microzooids towards those gametes has not yet been 
observed. 

From the known facts, ae 
HORN Oren Sear vert macrogametophytes 


ome T “3 “ATURE, 
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“inkgely within the cbaseptadlen: and posmbly fertilize > 
tion also éccours within the cohoeptacles, : 


giving 
to a zygote which grows from the: wall of the con- . 
Foa r e develop , duteide 


the zygote probably is unable to devolop without Ri i 


emerge 

captecle, and young stages havo bean observed by us f 
and by previous suthors** growing from the lining. 
wall cells of the conceptacle. This would mesh that' 
the gametophytic stage of Notheta is entitely endo- ` 
nie within the conceptecles, and that , Notheta 
a sim lo or oocagionally truly branchad 

ae Of ie aoc Nine A Coa ooo 
pound plant consisting of numerous individuals of 
possibly several successive generations. Occasional 
establishment of new Notheia planta from Hormosira 
concsptacles might occur by macroroospores escaping 
from Notheta conceptacles and developing near or 
inside adjacent Hormosira conceptacles, with subse- 
ee a (?) and development of the zygote 


within the Hormosira. The one record of Notheta `: 


on Xiphophora may be a rare chance occurrence. 
Notheia is clearly to be classed in the Heterogener- 
atao gr of the brown algse, having different 
sporophytic and gametophytic generations. The 
development of the thallus is eesentially filamentous, 
but probably with some true ymatous cell - 
formation, at older stages. It shows some.relationship `+ 

with certain members of the Chordariales, such as 
which has somewhat 
similar apical cells and gametophyte, but the only 


of this group ae conceptacle formation - ` 
rugosum ` 


is the southern here Splachmidium ; 
(which has only one type of sporangium with’ 
numerous spores). ora 
Notheta differs from all Chordariales, and in fact 


The eystematic position of Nofheia must ; -` 


await knowledge of the full life-history but it certainly 
forms & e family (Notheiaceas Kuckuck ex 


Schmidt), which may oome within the Chordarialos or are 


may justify an order of ite own. 

Brown algae forming soosporangia normally pro 
duce numerous zoospores. The reduction tó eight 
macrozoospores is noteworthy, as well as the produc- 
tion of two morphologically distinct xoospores. 
Notheta may well indicate the possible origin of the 
Fucales, since were the macro- and micro-rocids to 
function as gametes (gametophytees being eliminated) 
and the apical cells become sunk im a depression, the 
resultant alge would undoubtedly agree well with the. 
Fucales. It is quite possible that the microgameto- ~ 
phyte has been eliminated already, and the micro- 
zooids function as male gametes; this, however, is ` 
still speculation and awaits further examination. 


“Ea a and Bally, J. W. Frog: Boson: S90: Nak Hi, 3 o 
* Barton, H 8., J. Lina. Soo. (Bot.), $4, £17 (1809). 

3 Mitobell, IL O., Phycol. Mem., $, 36 (1893). 

1 Gruber, H., PIN. Bot., 38, 1 (1806). 

3 Willams, ML ML, Pros, Isan. Soo, N.S.W., 47, 634 (1028). 

* Papenfoss, Q. F., E. Pyriogr. Salish. Lund Forkandl.. § (20), 1 (1985) 
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K ASTRONOMY 


Light. Curves of Meteors 


` Time luminosity equstion for the trail of a meteor 
ist , 


EESC (0) 
where J is the luminous intensity at any point of the 
trail, (SZF) is the rate of ablation of the meteoroid at 


that point, v is the velocity of the mebteoroid, and + 
is the luminous efficiency factor which determines 
what, fraction of the kinetic energy of the ablated 
atoms is converted into visible light radiation. It 

te Beery iy. seme d ihat fe Pees Serer 
meteors T m qv, where t, is a constant}*, 
lummoeity equation therefore becomes : 


ray (ZS) ox 


a erent cere 
to the level of maximum rate 
meteoroid. 
7 Hawkins snd Southworth? have 
_ S T nam papar, Howie and Southworth havo 
le of 360 meteor trails p hed with 
ihe’ Baler Bopa Schmidt cameras at New Mexico 
that the observed lengths of the trails are considerably 
‘shorter than thet predicted by the theory. In one 
on “The Physical Theory of 
had directed attention to the fact 
shat te carly pottien aTa TIED oelek kal iedod 


(2) 


by him was fainter than by the conven- 
tiogal theory. He wor out an improved theory 
on the reaction zone model into account 


ik* has, however, taken exosption to the 
> opted by Cook, and has stated that there is no 
physical justifloation for it. In another paper of the 
series on ‘The Physical Theory of Meteors”, Jaochia* 
has emphasized several anomalies shown by the light 
caryes of faint meteors and has suggested that the 
theory of progressive fragmentation of the meteoroid 
along ite trail affords a satisfactory explanation of 
these anomali 


8. 
On, the basis of the single-body theory and assuming 
that t = tev, it can be shown that the equation for 
the light curve of a meteor is: 
: I= K,(1 — 2) (3) 
. where K, is a constant for an individual meteor, and 
om mot, where p is the atmospheric pressure 
. s. . n 
at the level to luminous intensity J, 
P. is the at the level corresponding to tho 


.--end of the trail, A is the height mterval between p 
and p. and a is the mean scale height of the atmosphere 


ka 


— 


ae _ LETTERS TO, THE EDITORS. 


at the levels appropriate to the meteor trail. This 
equation indicates that, irrespective of the original 
maga of the meteoroid, the level of maximum lumin 
oity will be at a height of alog,8 (~ 1-1a) above the 
level of complete ablation, and that the 
radius and mas of the moteoroid et the lovel of 
maximum luminosity will be 2/8 of its original 
radius and 8/27 of its original mage, respectively!§. 
The equation for the light curve can be normalized 
by expressing the luminous intensity at any point of 
the trail in terms of the maximum luminous intensity, 
T ee nn Sapresa ae maz nTuade 


log z + los(7) | (4) 


Assuming & scale height value of a = 6-38 km. the 
relation between AM and h is graphically 
by curve 1 of Fig. 1. This is identical with the theore- 
tical curve in Fig. 5 of the paper of Hawkina and 
Southworth’. pores their procedure, the pointa 
corresponding to the begimning and end of the 
meteor trails have been plotted in Fig. 1 against the 
appropriate AM values. Almost all the pointa lie 
within the theoretical curve, showing that the actual 
lengths of meteor trails are appreciably shorter than 
what the theory mdicates. 

I have modified the conventional theory by assum- 
ing that + is not a constant but varies along the trail 
of an individual meteor, bemg to the 
dengity of the environment at every point of the 
ieee In this case the equations for I and AM 

me : 


I = K,(1 — z)*rt 


M — Max, = AM = — 2-5[2 log(] — x) + 
2 log@ + log 16} (8) 


where K, is a constant for an individual meteor and 
the other symbols have the same meaning as before. 


0 


(5) 





10 
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® k 
It can be easily shown that the level of maximum 
Tumimosity—this is now different from the level of 
maximum rate of ablation which remains the same 
as before—is now at 4 eee of a log.2(~ 0-7a) 
above the end of the trail, and that the equivalent 
radius and maas of the metecroid at this level will be 
pe ee ee ee 
. The relation between AM ana hi 
now AA E EN rae 
shorter trail for the meteor and the descending 
branch of which is nearly the median curve through 
to the ends of 


ablated meteor atoms and the air molecules, which 
is the primary cause of light emimion, has to be 
explicitly taken into socounmt in the luminosity 


equation. 
The modified theory accounts satisfactorily for the 


observed light curve of the meteor trail studied by - 


Cook‘. This meteor appeared at a height of 114 km. 
ab M=+1-9; it ateained maximum luminosity 
at a height of 84 km. at Mmax = — 5-7; ib dipap- 
peared at a height of 78 km. at M = — 2-6. For 
the ascending part of the light curve we have, there- 
fore, AM = 7-6 and he — hy =a = 30 km; for 
the desoending part AM = 3-1 and hy — he = B = 
6 km. The values of a and B according to the oon- 
ventional and modified light curves for certain values 
of soale height are given in Table 1. 











is satisfactory 
honey giros too high valu for the ingih of th 
meteor trail 
Tt oan be shown that the largo scatter of the pointa 


corresponding to the beginning of the meteor trails 
in Fig. 1 and the comparatively amaller scatter of the 
points to the end of the trails lend 


support to Jacchia’s fragmentation theory aa the 
anomalies. will 


1 Wbtppie, i Ta Rø. DNIE TN 15, 246 (1048); Bull, Amer. Met. 


u Series TI-44 (1952). 
" Hawkins, NT arr ae eae Smithsonian Contrib. Asire- 


part., B, (1958). 

t Cook, A. F., Astrophys. J., 190, 572 (1054) 

> Öpik, B. J., * of á in the Atmosphere”, 25, 63 
(Interscience Pub., New York, 1058). 

* Jaoebis, L. G., A J. 191, 521 (1985) 
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GEOPHYSICS 


spnongitude Effect in Temperate Zone 
radic E and the Earth’s Magnetic Field 


5 coment of the occurrence of sporadic 
E has shown that the percentage of the time f,H, > 
5 Mo./s. exhibits a marked longitude effect, having a 
maximum (~ 30 per cent) over south-east Asia and 
minima over South Africa (~ 3 per cent) and the 
north-east part of the United States (~ 6 per cent). 
That the effect is real, and not due to differences of 


equipment ibi has been confirmed by very 
high- f metter experiments over the 
Caribbean and the Philippines*. - The suggestion was 


A 


eee ea eee - 


netio latitudes or may be due to meteorological 
effecte*. 


Ovourrence of Bs (per cent) 





0 01 0-8 0-8 oi 
Horizontal component af Harih’s magnetic field (0.6.5, units) 


Fig, 1 Plot of proentago of tmo ffs > 5, Mots agatos 
theen bemiepoer® | 


A T OET oF the 
hemisphere; O, southerm 


The purpose of this communicstion is to point out 
that the horizontal camponeat of the Earth’s magnetic 
field has a similar variation at the Earth’s surface. 
In Fig. 1 the percentage of the time fB, > 5 Mo./s. 
for the thirty-one ionosonde stations mentioned by 


Smith' is plotted against the magnitude of the 7 


Ocourrenos of Ri (per oent) 





0-8 
Total Intensity of Harth’s magnetic field (0.4.8. units) 
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3. Piot af ptoohiage of ume Tele > 
of the Barth’ 
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horizontal component. Results from both northern 
and southern hemispheres follow the same pattern. 
That it is the horizontal component which is 
correlated with sporadic E appearances is confirmed 
by plotting the percentage time f,2, > 5 Mo./s. 
against the total intensity of the Harth’s field (Fig. 2). 
There ig no correlation between the two. There is 
some correlation between the occurrence of sporadic 
E end magnetic dip though this is almost 
due to their correlation with the horizontal com- 
nent. 
It is of interest to inquire which of the various 
theories put forward to account for sporadic Æ 
only on the horizontal component of the Harth’s 
- magnetic field. Ionization by neutral particles or 
meteors does not depend on magnetic field at all but 
ionization by charged particles may be confmed to 
a narrow region in the presence of a magnetic field. 
The total intensity, however, seams to be of mpor- 
tance here. Movement of existing ionization by 
winds or electric fields seems to be the most hkely 
source of sporadic 2, and is being studied further. 
This work is part of the research programme spon- 
sored by the Radio Research Board of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion. 


L. H. Heater 
J. D. WHITEHRAD 
Sydney Laboratory, 
Redio Research Board, 
Electrical Engineering Department, 
Baa of Sydney. 
Sento Adrery ie aaa ey parh Tath and De Deni 
ment, 1058) 


“ema Jan., R. K., and Finney, J. W., J. Geophys. Res., 683, 885 


Geomagnetic Noise at 230 kc/s. 

GwOMAGNETIO radio noise or hise’ usually occurs 
‘only in the audio region. During severe magnetic 
storms it has been reported up to 30 ko./s. on a 

frequency analyser! and at 70 and 180 ko./s. 

ed tuned channels’. The latter report? was 
arian after the records had been destroyed in a 
fire. New observations at up to 280 ko./s. are 
described here. 

Observations were made simultaneously at the 
four frequencies 4, 9, 70 and 280 ko./s. (usmg two 
dual-beam cathode-ray oscillographs 
and ana rs recording) over 

period 


the to mid- 1,000 


only: 2245 u.t., October 81; 0430 
u.t., November 8; and around 
0330 v.t., November 6. The planet- 
ary magnetic index eee ranged from 
4 to 6 at these times. The noise 
burst observed on November 6 is re- 
produced in Fig. 1. This shows 9 and 
230 ko./s. only, since the camera 
recording 4 and 70 ko./s. jammed 10 
on this occasion. 

The general appearance of the 
noise burst—relatively gradual rise B 
and decline of intensity (as dis- 
tinct from the ‘on’ and ‘off 
of man-made in ce) and im- 
pulaive noise component superim- 


myV.m.~ (o/y 
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posed on a steady or ‘white’ noise-level—is typical 
of geomagnetic noise bursts observed at audio- 

jes. The maximum noise-levels are seen to 
be 0:8uV.m.— (0./s.)-tad 9 ko./a. and 16 mpV.m.-? 
(c./s.)-+ at 230 ko./s., corresponding to intensities of 
about 10-4 W.m.-? (o./8.)-* at 9 ko./s. and 3 x 10-1" 
W.m.-* (c./8.)-! at 280 ke./s. The mtensities obearved 
at 4 and 9 ko./s. at these times were typical of strong 
bursts at these frequencies. The 70 and 280 ko./s. 
intensities were of the same order as previously 
reported’. A striking feature of Fig. 1 is the close 
correspondence of amplitude fluctuations at the two 

ios. These appear simultaneous to tho limit 
of reading of the time scale (~ 10 seo.). 

A probable mechanism for generation of this noise 
is Gerenkov radiation from small flouds of charged 
particles travelling through the ionosphere and 
exosphere!3,*, Radiation is produced at all frequences 
for which the velocity of the particle clouds exceeds 
the group velocity of the radiation ( v condi- 
The close between the two 


netic tube of force since moving 
effectively sapien to 8 ‘aie of force. 
y the tube of force endmg at Hobart 
Paisniai fe lat. 52° B.) was considered, and the 
group velocities of 9 and 280 ke./s. radiation call 
culated‘ as a function of distance along this tube of 
force. Electron density as a function of radia- 
distance was obtained from whistler data’. The 
assumption was made that the electron density in the 
exosphere is spherically distributed. At 9 ko./s. it 
bigihatpempr aie eas velocity would be every- 
where lees than 0-12 m the ionosphere to the 
equatorial plane (total distance 15,000 km). At 230 
ko./s. only radiation produced below the gyro-level 
is observable on the ground. From the ionosphere 
to the gyro-level (a distance of about 5,000 km.) 
the 280 ko./s. group ooy would be everywhere 
læs than 0-17 o. msequently, particle clouds 
travelling oer iiibe ot ness at 0-2 o. (say) could 
promis v radiation at both frequencies. 
ince the travel-time even of 9 ko.js. radiation 
uced at 15,000 km. would be leas than s second, 
ursta of radiation at the two frequencies would 
arrive at the ground simultaneously to our limit of 


Estimates of absolute intensities to be 
process depend too strongly on 


from the 





frequencies we would find that the ratio of intensities 
P et eoen ale Ata would be proportional 
the path-length in wave-lengths for which the 
condition holds*. This indicates that the 
intensity at 280 ko.ja. should be nearly ten 
times that at 9 ko./s. However, this ratio will be 
modified by the ear trumpet effect of the converging 
enhancement 


ratio in favour of 9 ko./s. by a factor of five. 
=o a ricoramarr aaah riod 
is taken into account (from Helliwell’s curves*) we 
find that 280 ke./a. will 
times ag many decibels as 9 ke./s. 

the ratio of intensities observed at Hobart (3 
or 85 db.) is reached for an. ion, of about 5 db. 
for 9 ko./s. and hence about 40 db. for 280 ke./s. 

Consideration, of tabes of force ending farther south 
of Hobart require attenuations of 9 ko./s. considerably 
lees than, this, in keeping with observations of mutti- 
echo whistler trains. Thus estimates based on this 
mechanism give reasonable agreement with observa- 
tions of wide-band noise burste for frequencies from a 
few ko./s. to a few hundred ke./s. 

It is interesting to note that for this mechanism 
wide-band bursts will only be observed if the electron 
density distribution along a line of force is such that 
the plasma frequency is ip WAYA EEDA IAG Ae 
frequency for the range of frequencies observed. 
Soe re ee ee 
obtained from whistler data this gives a lower limit to 
electron density ab each point along the line of force. 

My thanks are due to Mr. G. T. Goldstone, who 
built mach of the equipment and assisted in the 
observations, and to Mr. P. 8. Bowling who provided 
housing for the equipment in the field. 

R. L. Dowpmn 
Commonwealth Ionospheric Prediction Service, 
Hobert, Tasmania. June 10. 
) Hilis, G. E., Pien. Space Soi, 1, 253 (1050). 
1 Dowden, R. L., Nature, 184, 803 (1959). 
* Marshall, L., Astrophys. J., ak 400 COM) 
‘Helltwell, R. A, “Low thon Studies, Part 1”, 

ASTIA Dooument No. 0184 (1 . 

4 Masda, K., and Kimura, L, Rep. Ionos. Res. Japan, 10, 105 (1958), 
t Bibs, G. B., J. Atmo. Terr. Phys., 10, 302 (1957). 
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The American Oligocene 

Eases e al.1 claim that the Oligocene is not repre- 
sented in the marine sediments of the western 
hemisphere. This claim seems to conflict with the 
palmogeographic status of the region. 

The Eastern Venezuela Basin may be taken as 
representative. In Trinidad the Lizard Springs, 
Navet, Cipero and 
tinuous sequence of Palmooane to Miocene age. They 
are deep-sea deposits, ossen Glodigerina-oozes, 
which accumulated along the axis of the basin. 

If any appreciable time-interval is not represented 
in this sequence, ita absence must be explained in 
one of three ways, namely: (1) sedimentation ceased 
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temporarily ; (2) sediments were de but 
eroded subeerially; or (8) sediments were 

ited but were removed by processes. 

ion of deep marme sedimentation scarcely 

merits- consideration. The joint accumulation of 
fine terrigenous material and foraminiferal testa 
continues in basinal deeps regardless of orogenic and 
epeiregenic modifications of the peripheral land areas. 

A pre-requisite for subaeerial erosion would be 
uplift and emergence of the sea-floor. If this had 
occurred. there would be abundant evidence of 
orogeny and regional unconformity. Even if the 

lift had been epeirogenio, leaving few physical 
signs of unconformity, the subsidence which followed 
would leave the unmistakable evidence of shallow - 
marine beds grading up mto -d marine maris. 
The only such i tion of deep marine 
sequence in Trinidad is Ban Fernando formation, 
which is firmly correlated with the Upper Eooene 
(Jacksonian stage) of the region. The upper beds 
transitional from the shallow marine San Fernando 
formation to the deep marine Cipero formatian are 
post-Eocene (G. am, zone). 

(Eames ef al. consider the rich Eocene faunas of the 
San Fernando formation re-worked in the basal 
Miocene. In more regional terms they imply that the 
‘Jacksonian tranagression” was an early Miocene 
event. The only reason given is their belief that the 
genus Pliolepidina is a Miocene index. It deserves 
note that in the Eastern Venetuela Basin there are 
extensive algal-orbitoidal reef limestones which 
contain Pliolepidina in association with such Eocene 
indices as Tubulostium, Hchinolampas, Oligopygus and 
Asterocychma. These are purely organic limestones 
with no clastic content exoept the finest of silt. The 

Pitolepidenas aro definitely not re-worked, therefore 
this genus is unacceptable as a Miocene index in this 


recognized throughout the 
peters column in Trinidad. It is feasible, and 
bable, that st any given locality some part 
on ot of the sequence is i by reason of 
submarine slumping, but it is soarcely feasible that 
one particular mterval should be missing in this 
matter over the whole area. Even if this odd situa- 
tion did exist on the basinal flanks the displaced 
beds would presumably be recognized in an alloch- 
thonous position towards the axis, and their true 
stratigraphio status would be established by faunal 
study. 
In more regional terms the sequence of Upper 
Eocene overlain by the G. ampliapertura rone is 
known in a variety of facies ranging from ahallow to 
deep marme. In all cases the same uniform change 
in the planktonic fauna defines the contact. This 
implies that, if there is a major hiatus between the 
two mits, it is no more pronounced around the 
old land masses than in the besinal deepa, a conclusion 
contrary to the normal precepts of palmogeograp! hy. 
The Eocene top usually falls within a lthologically 
uniform sequence. Feunally the contact is mainly 
defined by extinction of a few Eocene species, not 
by a wholesale change of fauna. No fauna has been 
poe ee a ee 


Upper Eocene and the G. ampliapertura sone 
themselves closely i by evolutionary 
bonds. It'is not realistic to postulate extensive 


re-working of the Eocene faunss, which are homo- 


gengous exce for an appreciable facies-variation 
consistent with basinal ion. This latter remark 
applies to. Trifidad, where the Upper Eocene faunas 


fo" * 
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are certainly not re-worked in the ordinary usage of 
that word, though the type San Fernando formation 
might prove to be an enormous slumped mags. I 
have studied this interval in Ecuador, Colombia, 
Venezuela, Trinidgd and Barbados in the New 
World, as well as in Egypt and France in the Old 
World, and have seen no significant variation from 
the pattern described. Published records conftrm that 
the same is true in other countries. The one excep- 
tional case is in Antigua, where the G. ampliopertura 
zono rests unconformably on volcanic rocks. The 
natural conclusion to be drawn is that sedimentation 
was regionally continuous from the Eocene into the 
G. ampliapertura zone, m. whioh case the latter must 


be Oligocene. 

This palsogeographic reasoning makes regional 
abgence of the Oligocene unlikely in the marine 
sediments of the western hemisphere. Therefore an 
alternative explanation would be preferred for any 
pelmontological argument which seems to point to that 
conclusion. In particular, Eames st al. note & new 
suite of planktonic foraminifera in the Oli 
of Kast Africa and infer abeence of the Oligocene im 
- America because this suite is not known there. An 
alternative inference is that the new fauna reflects 
climatic segregation of planktonic suites. Preference 
of certam species for certain latitudes is well estab- 
lished among the Recent planktonic foraminifera. 
The marine mid-Tertiaries in the region encompassed 
by Ecuador, the Gulf Coast States and Trinidad are 
readily correlated by the planktonic zonation of 
Bolli (1957) and earlier workers, but both south and 
north of this tropical belt the scheme tends to break 
down because the marker-species are scarce or absent. 
Likewise m the Mediterranean region almost the same 
zones are recognizable, but attempts to apply the 
xonation in northern Europe have failed because a 
different, boreal suite of plankton is present. It 
seems that a similar situation might well exist in the 
southern parte of Africa and South America. The 
observed. affinities of this new fauna to Oligocene 
plankton in Germany and Russia, but apparently not 
in the Mediterranean countries, give some support 
to the oancept of distinct tropical-subtropical and 
boreal_austral suites of planktonic foraminifera in 
the Oligocene. 

No detailed commente are offered here on the 
‘status of larger foraminifera in this problem, but I 
opine strongly that the palecgeographical evidence 
for the preeance of the Oligooane m America should 
outweigh strictly faunal evidence pointing to the 
contrary. The case of Pltolepidina, cited, 
shows that like forms were not precisely ooeval over 
the entire world. Regarding the Miogypsinidse, 
doubt is expreased as to their presence in the G. 
ampliapertura rone as I haye never enocoun- 
tered tham in su below the Q. dissimilis zone. 
Kugler (1954) has referred to them in the older 
zone, but speorfies that he is writing of allochthonous 
material slumped into Miocene maris. The presence 
of the ancestral Rotalia mextcana-group in the G. 
ampliapertura zone in Ecuador, Colombia, Mexico 
and Puerto Rico makes the presence of Miogyp- 
sinidae at that level improbable. j 

Extensive bibliographical references to these mat- 
ters are included in a paper about to be published*. 


R. M. Srarmvrorta 
Jusepin, Venezuela. ë se 


1 Hames, F. H., at al., Nauro, 185, 447 (1900) |. 
* Statnforth, R. ML, Rés, Micropalsomt. (in the press). 
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Forzowre from Dr. R. M. Stainforth’s oomments 
on our communication, we would direct attention to 
the fact that it- contained merely some of the oon- 
clusions reached in our study of ‘“Mid-Tertiary 
Stratigraphioal Palsontology”’, which will be pub- 
lished as an entire, illustrated book, and rb 18 obvious 
that we could not’ give the full background in such a 
short space. However, the following is a very brief 
outline of part of the picture which has emerged from 
our studies. 

The standard European stages of Upper Eocene, 
Oligocene and Lower Miocene ages may be traced 
from the European molluscan facies into the Mediter- 
ranean region, where they can be defined in terms of 
planktonic and benthonic foraminifera; these divi- 
sions can be i throughout the Middle 
East to the Far East, where the ‘letter-stagos’ 
proposed. by van der Vlerk for the Tertiary of Indo- 
nesia oan be readily correlated with the European 
standard, and both may be correlated with the series 
of planktonio-foraminiferal zones erected by Bolli 
and others in the Caribbean. It is an inescapable 
fact that if the popular age-determiations of Oentral 
American middle Tertiary marine sediments aro 
accepted, then that area is palmontologically out of 
step with the rest of the world. If sedimentation in 
Trinidad, for example, were really continuous from 
the Eooene to the Miocene (and the lower Cipero 
formation be regarded as Oligocene), then one can 
only conclude that the larger forammmifera (for 
example, Mtogypsina g.s.), the planktonic foraminifera 
(for example, all species of the Globigerinidas which 
are ically relevant) and Mollusca (for 
example, by regional correlation, Anadara, Ohtone, 
Timoclea) ocour at stratigraphically older horizons 
in America than anywhere else in the world. As 
there is no satisfactory evidence to the contrary, 
we believe that the occurrences of these fossils were 
isochronous, and that there ooourred a major hiatus 
in the Caribbean sequence, a hiatus including at least 
the equivalent of the Nummulites fichieli beds of 
Europe (‘o’ and ‘d’ of the Far Hast), which 
contain, (m Africa) a rich and distinctive assemblage 
of planktonic foraminifera, unrepresented in America. 
We have been able to trace the evolutionary history 
of many lineages of Globigerinaceee from the Upper 
Eocene to the Aquitanian in richly fossiliferous and 
well-dated sediments in East Africa; we have found 
that the Oligocene stages of these lineages are present 
in sediments of areas as far removed as western 
European and Indonesia—Australasia, but that these 
stages are conspicuously abeent m America, between 
the Jacksonian and the Vicksburgian. 

Tt has been known for decades that the Vicksburg 
formation resta disconformably on the Jackson, 
and that it contains in its lower beds (for example, 
the Red Bluff Clay) abundant re-worked fossils of 
the Eocene. It has been common knowledge that 
the sediments of Trinidad, far from constituting a 
“lithologically uniform sequence” as stated ‘by Dr. 
Stainforth, have been repeatedly reported to contain 
boulder beds (with some ‘boulders’ up to 3,500 cu. ft. 
in volume), rubble beds with Paholas-bored pebbles, 
and re-worked fossils of Upper Cretaceous, Palwocene, 
Lower, Middle and Upper Eocene ages immediately 
above the horizon where we, on quite other (purely 
palwontological) grounds, would place the Miocane/ 
Eocene unconformity. The 8an Fernando ‘formation’ 
we believe to be the basal bed of the Miocene trans- 
gression ; far from being “firmly correlated with the 
Upper Eocene”, as Dr. Stainforth suggests, our 
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world-wide studies suggest that ite fossil content is a 
mixed one, and that ita youngest elaments are 
characteristic of the Miocene. This does not conflict 
with the well-known fact that the lithology of the San 
Fernando ‘formation’, surro the re-worked 
boulders, is very close to that of the succeeding 
Cipero (into whioh it grades) but quite different from 
the underlying Navet ; it is confirmed by our recogni- 
tion of the lowest planktonic foraminiferal zones of 
the Cipero in acknowledged Aquitanian deposita 
elsewhere in the world. 

It should be realized that many other widely 
held and long-established assumptions fundamental to 
mid-Tertiary dating in Central America (for example, 
the supposed Oli age of the Antigua Limestone 
ooral faunas), w. critically re-examined, prove 
to have little or no foundation in faot. The ages 
assigned to some species of several other groups 
of marine fossils (for example, Echinoidea, Bryozoa, 
Decapoda, eto.) from the Central American region 
will need revision in view of the evidence we shall 
present. 

The known stratigraphical distribution of Plio- 
lepidina depends on the interpretation of the 
morphology of that genus; we suspect that Dr. 
Stainforth has been led astray by W. Storrs 
Cole’s misconseived treatment of Leptdooyclina and 
related genera. We redefime the relevant genera 
as Derisi oles bo Lara ee eneric with 

ina, which is not known eath the 
Moca, It should be remembered in this context 
that no true Nummulites have ever been recorded 
above the Eocene in America, American post-EHooene 
Nummuliies-like forms being referable to Palaso- 
nummultiss (which includes Operoulinsla and Oper- 
oulinoides). With regard to the occurrences of 
Rohinolampas and Oligopyyus, Hohinolampas ranges 
from Eocene to Recent, and Oligopygus occurs in the 
Eocene and also at levels at which Lower Miocene 
planktonic foraminifera cocur, so that Dr. Stain- 
forth’s implication that they are Eocene mdioces does 
not seem wise. We should also like to place on record 
that the ‘Rotalia’ mexicana group occurs as high 
stratigraphioally as the Aquitanian in the Mediter- 
ranean region, and we believe it to range equally 
high in Central America. Also, it is mere hypothesis 
that this group (or even the genus Neorotalia to which 
it probably belongs) was ancestral to any of the 
Miogypsinidae, and even if this were found to be so, 
there would be no a priors reason to assume that the 
ancestral group would become extinst at the advent 
of ita descendante. 

The references for this study are so extenmve, 
interrelated and mutually moonsistent (any brief 
selection would be misleading) that we can only refer 
the reader to the full discussion im our book, which 
contains a fully comprehensive bibliography, and 
which will soon be published. 


The British Petroleum Co., Ltd., 
Exploration Division, 
B.P. Research Centre, 
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Major Element Relationships in Tektites 

THs chemical composition of tektites is a major 
factor to be considered when investigating theories 
of tektite origin. Many investigators have remarked 
on the similarity of the composition of tektitea to 
certain types of sedimentary rocks, and this fact haa 
been held to be indicative of a terrestrial origin. 
Recent determinations! of the abundances of the 
alkali elements, lithium, sodium, potassium, rubidium 
and cæsium in australites showed that a close coher- 
ence existed between these five elamente in different 
samples; in fact, the concentration of one alkali 
element was shown to be positively correlated with 
the concentration of any other to a high degree of 
significance. 

Following on from this, it seemed worth while to 
investigate the possible correlations between the con- 
centrations of other elements in tektites. This has 
been done, utilizing the published data for australrtes. 


concentrations of aluminium oxide, ferrous oxide, 
magnesium oxide, potassium monoxide and caletam 
oxide. By way of illustration we show the silica 
versus alumina graph (Fig. 1). The regreesion lines 
(silica on alumina and vice versa) have been drawn 
in, and it is interesting to note that both lmes pass 
through 100 per oent silica to within 3 per cent. This 
fact, plus the ce of the well-known lechatel- 
ierite “eased silica) particles in tektites, suggested to 
us that tektite composition could perhaps be ox- 
plained on the basis of a mixing process between 


100 


810, (per oent) 


0 10 20 80 
AiO, (per cent) 
1. Inverse relationshtp between ailics (8:0,) and alimina 
aM ls tor tie eautraiiten, The regression lines are shown 
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silica and some other (unknown) material. A brief 
search suggested that the non-volatile (at 1,700° O.) 
constituents of ordinary shale would form a suitable 
‘unknown’ material, and in Table 1 we give the chemi- 
cal composition resulting from such a mixing process 
with a quarts : shale ratio of 1; 8. Column 2 of the 
table must bo compared with column 3, which gives 

& 


fa ee ee ent 
tektites. Shale and quart‘ are both extremely 
common terrestrial materials, and lack of availability 
will present no problem. The question of the mechan- 
iam of the mixing process remains. In this connex- 
ion we oan present no evidence, though the Urey 
comet hypothesis" still seems to us to be a promising 
theory. 


Table 1. Oompantsox OF OOMTOETTION OF TMKSPTES WITH THAT OF à 
MIXTURE or BrO WEE EA MON Yam (AT 1,700° 0.) CONSTITU SITS 


egeacare 
eee 


BEShSSea 








ot water, 

a mixture of three parta of column 1 

Ooluarz 3. Average composition of 61 tektites from Barnes‘. The 
and Libyan Desert glass 


Oruman 2. 
with one part of 
analyses of Darwin 
are excluded from average. 


The above results will be published in greater 
detail elsewhere, and discussed more fully. 


R. D. Camry 


quoted by Barnes‘ 


Department of Physics, 
8. R. TAYLOR 
MAUREEN Sacus 
ent of Geochemistry, 
peat Res of Caps Town. 


1 Taylor, 8. B., Geochim. a Ooemoakim, Aeta (In the press). 
"Urey, H. O., Nature, 179, 656 (1057). 
Sedimentary Rocks” 


: F.J.“ , Seoond ed, (Harper and Bros- 
N.Y., 1987). 


“Barnes, V. BL, Untv. Texas Publioatsons No. 3045, 477 (1040). 


PHYSICS 


A Comparison of Atomic Beam 
Frequency Standards 


SranpanD frequencies obtained from various 


developed and manufactured by the National Com- 

and the atomic standard ab the National 
yrical pacar ane: On 
Two dissimilar beam standards at the ‘National 
Bureau of Standards have been compared over the 
past several months. Their frequencies agree to within 


NATURE 


681 


£15 x 10 (standard deviation of the mean for 
and estimated uncertainty due to 
fooie of parkinerth ; 

These machines- employ -type excitation, 
the seperation of the oscillating flelds being 55 om. 
in one case and 164 om. im the other. Beam dimen- 
sions are 0-003 in. x 0-100 in. and 0-015 m x 
0-187 in., respectively. The hot wire detectors (20 per 
cent iridimm—platinum alloy) are used in conjunction 
with oonventional electrometer circuite. Typical 
signal-to-noise ratios range between 100 and 400. 
The uniform magnetic O field in the transition region 

is produced by a d.c. current of about 1 amp. 
section of & cylindrical brass 
tip cubes geted EAA GT RC] A double 
shield is used on the longer machine and a single 
shield on the shorter. 

There are a number of uncertainties im absolute 

measurements i 


of purity of the electromagnetio field exciting the 
atomic trangition. 

The magnitude of the C field was determined in 
four different ways : by calculation from the known, 
geometry of the conducting strip 
used ; De deck aa aa a 
fluxmeter sensitive to 0-002 
ment of the low-frequency AP = 0, Amp = i 1 
magnitude of the field ; and by measurement of other 
microwave transitions, such aa the (F = 4,mr m l)e 
(F = 3, my = 1) transition, which are more sensitive 
to the fleld than the standard frequency transition. 
The uniformity of the O field was determined by 
measuring the low- transitions, utilixmg 
small coils located at each end of the resonant cavity 
and at the centre of the transition region. These 
localized field measurements indicate that the maxi- 
mum CO field variation slong its length is + 0-002 
oersted. This non-uniformity can introduce .at 
most an uncertainty of 4 x 10" in the measured 
frequency. At the time of the initial co 
of the two standards the values of the O fiel i- 
tude as measured by the different methods to 
within the precision of the measurements (+ 0-002 
oersted) for both machines. Since that time, 
however, the shielding properties of the mumetal 
shields have deteriorated to some extent, accompanied 
in the case of the longer machine by a discrepancy 
among the various types of fleld measurements of 
about 0-004 oersted at a field of 0-080 oersted. In 
order to reduce the resulting uncertainty m the 
Ae ee 
(9i (about 0-020 oersted) have been used in the 
more recent comparisons. Possible frequency shifta 
arising from the nearness of other transitions at these 
low fields have been calculated and found to be well 
below 1 x 10-4 for the degree of of posi- 
tion and amplitude observed for the nearby transi- 
tions. 

The oscillating fields exciting the (F = 4, mr = 
0) <> (F = 3, mr = 0) transition are produced at 
the two ends of a single resonant U-shaped rectangu- 
lar cavity operating in the TE., 1, » mode for the 
shorter machine and in the TE., ı, 1+. mode for the 
longer machine. The cavities were precisely electro- 
formed for symmetry about the coupling hole to the 
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microwave transmission lmo from the frequency 

multiplier chain. The atomic beam grazes the shorted 

end walls of the U-shaped cavity. Provision for 

tuning the cavities m the event of large room-tem- 

perature changes is provided by a tuning plunger 
the coupling hole. 


ordinarily by multiplication by 
Rie Es p peaa b ee 
Bide-bands in the power 


symmetri- 
signal The power 
spectrum of the exciting radiation for the Bureau 
was examined using an ammonia maser 
peopled Sreqmeney multipli chan. oe © spectrom 
“ analyser’. The signal wad found to have a band- 
width of about 6 o./s. at 9,000 Mc./s., was symmetrical 
and contained no observable side-bands. Any shift 
introduced from this source would be much leas than 
the precision of measurement. In general, however, 
side-bands will be present to some extent. In one 
experiment where side-bands were deliberately intro- 
soer the measured frequency was shifted by 
x 10”. 
_ The effects discussed above are those that we oon- 


care is not taken in construction and testing. We 
have found it possible to reduce these uncertainties 
to a level below 1 x 10". 

comparisons of the two standards were 
made during a ten-day period with each daily com- 
parison conssting of an average of from 15 to 25 
measurements with each standard. If Ay denotes 
the zero-field frequency difference between the two 
machines for the tth day, then the measured average 
difference for the ten-day period was: 


<Av>gs = ae Ay = 0, where n = 10 
i=l 3 
The standard deviation of the mean for this particular 
test was : 
n 
>: (Ay — <Av>es)* 
i=] 


1j 





I 
om = ee = 41-6 x 10% 
The estimated uncertainties introduced by the effects 
discussed sbove fall within this precision. During 
later testa on the standards & more complete set of 
comparisons was obtained consisting of 18 separate 


was 9 x 10-14 with a standard deviation of the mean 
of 6 x 10%. To this standard deviation was added 
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the maxmmum uncertainty in 
by the O field (9 x 10-4), 
the limite quoted -for the 
machines. The uncertainty 
discrepancy in the C feld measurements noted above 
was reduced to leas than 1 x 10-" by using low fields. 
Smoe this discrepancy seems to be associated with a 
noticeable deterioration of the O field shielding, it is 
likely that for most precise resulta the shields will 
have to be exchanged periodically for newly annealed 
ones. 

One indication of the reproducibility of measure- 
mente made with the longer machme was obtained by 

i i te sets of measurements of 


up 
a period of about 15 min. The standard deviation of 
the mean for each sub-group was 1 x 10-4, while 
the standard deviation of the mean, for the average 
of all the resulta was 5 x 10-1. A similar experiment 
was conducted in which an extremely low-drift 
crystal oscillator with its crystal immersed in liquid 
helium was measured instead of the -‘Atomichron’. 
These measurements gave 7 x 10-17 as the standard 
deviation of the mean for each sub-group and 2 x 
10-44 ag the standard deviation of the mean for the 
average of all the results taken during the period of 
several hours. The various parameters affecting 
the frequency measurements, then, are sufficiently 
constant that measurements can be made to & pre- 
cision of 2 x 101! in periods of several hours or 
longer ; however, uncertainty in the exact values of 
some of the parameters limits the accuracy to about 
1-5 x 10-4, 

O oe ee o ana a o 


assumed for the (F = 4, mr = 0) <> (F 

transition of cesium in sero field is 9192681770-0 
ops. The best comparison cæsium 
Ephemeris Tome at present is that given 
Markowitz, Hall, Essen and Parry as 9192681770 + 
20 o.p.s.$. 

Corrections for the 60 ko./s. standard frequency 
broadoasta of Station WWVB (formerly KK2XBI), 
Boulder, Colorado, are made each week and are 
available upon request. 

Woe believe that the experiments demonstrate that 


recipes 
indeed they behave precisely as one would predict 
from theory—one need only know the values of the 
pertinent parameters to sufficient accuracy. This 
information, must be obtained from appropriate testa. 


National Bureau of Standards, 
Boulder, Colorado. 


"Holloway, J., Mainberger, W. Winkler, 
Haen, T. and Parry, J. V. (oie inch Rabo Begs «7, bat 


' oon ee E 
ase postam, r iit hy Tonna, 0 i, Tar Oba 
Universtiy Press, 19 


G. 


aids sip tog Pay, 3. V. Tay Ph Trant, Roy. Soy A 0 
3 Barnes, J. À., and Heim, L. I., “A Resolution Ammonia Maser 
aint Analyear”. (to, >. 


to be 
* Markowitz, W., Hall, B. G., Hesen, L., and Parry, J. Y. L., Phys. Rev. 


Letters, 1, 106 (1958). 
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Isotopic Analysis of Silicon by Solid- 
Source Mass Spectrometry using ` 
Negative lons — : 


An A.E.I. mass spectrometer, type M.S.2/S., fitted 
with an electron multiplier and having a triple 
tungsten filament as source for the thermal ioniza- 
tion of solids is being used for measurements of the 
abundance of silicon isotopes. 

The instrument normally records the amplified 
current peaks of positive ions. In the case of-silicon, 
it has not been possible so far to detect a positive 
ion from thermal ionization, but after reversing the 
polarity of the scoeleratmg voltage and magnetic 
field of the instrument, n ive ions have been meas- 
ured corresponding to 8i0,- at values of mjs of 76, 
77 and 78. 

The filament source is loaded with an alkali silicate, 
and the best resulta are obtaimed from cesium 
silicate. This is in accordance with the ionization 
potential of cæsium, which is the lowest for the 
natural alkali elament series; thus no ions are 
obtained from sodium silicate and only small peaks 
from potassium silicate. 


D. C. Nawron 
J. SANDERS 
A. O. TYRELL 


The Pleasey Co., Ltd., Caswell, 
Towoester, Northants. 


July 21 
High-Energy gen lons in Carbon 
Dioxide Mass Spectra 


Maas spectra of carbon dioxide have been recorded 
using a low’ accelerating voltage and magnetic 
scanning. Under these conditions, a variant of those 
due to Mohler et al.1, ions with more than thermal 
energies will appear as satellite peaks in the spectra. 
The energies of the ions can then be derived from 
the separation of the peaks by the use of the mass 
ee equation. 

A high-energy state in oxygen ions has been 
observed as a satellite on the high-mase side of the 
main peak due to thermal energy oxygen ions. The 
energy of this state in oxygen ions was found to be 
3-5,V. when the energy of the ionixmg electrons was 
was 70 V. The apparent appearance potential wes 
35 V. (the voltage soale being corrected by the known 
value for the thermal energy peak of the oxygen 
ion’. 

These values would suggest that the ions were due 
to the dissociation of doubly ions!; those 
possible are O,*, CO* or CO,". It will be seen that 
the appearance potential is lower than those found 
for O,* from oxygen (50 V.) and for CO! from 
carbon monoxide, namely, 42 V. (ref. 2). Ions of 
0,* were not detected under the present conditions ; 
and thus if the mechanism is O,* > 2 0+, a previous 
reaction similar to one suggested by Ogryzlo and 
Schiff, namely, OO, + O + CO + O,, seems prefer- 
able to a rearrangement reaction involving O or a 
secondary reaction induced by . The CO,* 
mechanism, namely, CO,* — + O+, is the most 
probable, as CO," ions exist in the mass 
and the ap oe potential of the O+ ion state is 
comparable to that of CO,» ions, about 36 V. by 
comparison with the known value for A* ions*. This 
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. 
reaction was also postulated by Newton‘ to explain 
other phenomena in the mass spectra of carbon 
dioxide. However, if the reaction is indeed CO,* + 
CO+ + QO, a definite energy-state would be expected 
in the CO* ions. 

Only the main ion peak, together with high-energy 
tailing, was apparent in the C+, CO,* and CO ion 
The main excitation energy found for O+ ions 
from carbon monoxide under these conditions (70 V. 
ionizing electrons, 280 V. accelerating voltage) was 
2-4, V., compared with ’s value of 1-5 V. 
by the retarding potential method and Berry’s value 
of 0-65-2-5 V. by the deflexion method’. When 
ionizing electrons of 70-V. energy were used, the O+ 
ion peak from oxygen showed a high-energy tail 
but no evidence of a discrete high-energy state. 

The ratio between the ions of high-energy state and 
the thermal energy ions was affected by variations 
in the ion repeller voltage, which altered the time of 
residence of the ions in the ion chamber. Low volt- 
agea, down to 0:5 V., favoured the high-energy state, 
presumably because the time available for dissocia- 
tian was increased, whereas higher voltages, up to 
8 V., resulted in the predominance of the thermal- 
energy ions. 

The mass spectrometer is a 10-cm. radius 90° de- 
flexion A.E.I. instrament with a source of Nier type. 

This communication is published by permission of. 
the Director of the Central Electricity Research 
Laboratories, Leatherhead. 

R.-M. 8. HALL 


Central Electricity Research Laboratories, 
Leatherhead, Surrey. 
* Mohr, F bai Uppa, V. H. and Roese, B. AL, J. Chem. Phys., 
a ashy Field, F. H., and Franklin, J. L.,““Bleotron Im- 
eet n rOn adane Treas a To: 
27, 628 (1900). 


* Ogryxlo, E. à., and Schiff, H. L, J. Chem, Phys., 
t Nowton, À. B., J. Chem. Phys., 90, 1880 (1952). 


METALLURGY 


lite in Roast Reduced 
aspilite 


A MAGNETIZING roasting treatment of a fine-grained 
hamatite-quartzite known as jaspilite, occurring ın 
South Australia, is at present being evaluated’. 
When heated m reducing at appropriate 
temperatures, 550-650° C., the hematite in jaspilite 
is converted to magnetite. Extensive microcracking 
also occurs in the quartz matrix (Fig. 14). This 
cracking allows freer aoceas of reducing gases to the 
hematite particles undergoing reduction and favili- 
tates grinding prior to magnetic concentration’. 

In contrast to prior investigations*, roast reduction 
treatments much above 650° C. have led to lower rates 
of reduction, lower recoveries of magnetite, and leas 
apparent cracking. 

One reason for this, other than the affect of 
increased temperature in reducing the tendency of 

to crack and part from the hamatite, has been 
ound to be the formation of fayalite (2FeO.8i0,), by 
a solid-state diffusion reaction at the operating tem- 


Formation of 


perature. : 

That fayalite will form when hematite is reduced in 
the presence of silica at higher temperatures, 800— 
1,000° C., has previously been reported45. Indeed, 
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. Boast reduced jaspiitte, vacuum mounted tn resin 
and in reflected light : “4, redtoed ti 
at 650° O. for 10 min. te (grey) in a pans ot 
cracked quarta (dark grey) (x o. i; B, reduced in 4 
carbon 6 per omnt carbon 


Darken' has shown that, in the presence of an excess 
of silica, fayalite, not magnetite, becomes the stable 
phase under the reducing conditions normally 
employed. 

This present work has shown that fayalite, farmed 
Oe i ae ge has the 
to bond the magnetite and sealing the 
interface (Fig. 18) and thus, by hinde hindering access of 
reducing gases tothe interior reduction zone, decreases 
the rate of reduction. Fayalite was identified by 
X-ray diffraction and by refractive index measure- 


ments. 

The dihedral angle of fayalite in has been 
found to be low, and at higher temperatures fayalite 
diffuses into, and fills, the microcracks . 10). Non- 
magnetio fayalite adhering to silica magnetite 


adds to the difficulties in effecting high recoveries of 
a high-grade concentrate in subsequent grinding and 
magnetic separation. 

Farther dotails of tis vor tnalading a discussion 
of the kinetics and mechanism of reduction cracking, 
will be published elsewhere. 
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The permission of the direotor of research, Dr. E K. 
Worner, to publish this communication is gratefully 
acknowledged. Fes 

; J. B. Laan 
K. J. Tuore 
B. O. Horranp 
T. R. Troxsox 


The Broken Hill Pty. Co., Ltd., 
Central Research Laboratories, 
Shortland, 2N, 
New South Wales. 
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Stabilization of Austenite by Hydrogen 


ATTAMPTS to study the possible affects of hydrogen 
on the austentite-martensite transformation in 
steels have always to reckon with the difficulty of 
retaining adequate amounts of hydrogen in them, 
regardieas of the amounte initially present. The 
austenitixing and heat treatment of steels are generally 
carried, out at virtually atmospheric or in 
vacuum. As the diffusion-rates of hydrogen at 
elevated temperatures are considerable, the amount 
of hydrogen retained in the austenite, prior to its 
being heat-treated, is generally small. It is also 
not so much in excess of the solubility limites as to 
render it likely that the h pes lay a 
similar to that played by car Samat which os 
ganerdily cetaiied ta eperodiabls, anahi aa ina 
state of oonsiderable supersaturation when the 
matrix changes to the body-centred structure. In 
the com small amounts, therefore, im 
which hydrogen is retained in normally austenitized 
and heat-treated steels the likelihood of its affecting 


the stability of austenite may well be negligible 
a E. G. and Dasarathy, O., unpub- 
ed work). 


If, however, either a mode for austenttization and 
subsequent heat treatment of a steel with any 
specified, high amount of hydrogen can be devised, 
80 as to retain adequate h: in the austenite, 
or the hydrogen content of a normally heat-treated 
steel is increased when it is still austenitic and at a 
stage prior to ite transformation to martensite, it 
may be possible to detect the effects of hydrogen 
on the austenite-martensite transformation. . As 
austenitization in hydrogen at such high pressures 
as to ensure its adequate retention is, however, 
difficult to carry out (there is no guarantee even 
then, that hydrogen is nob nearly completely lost 
by the austenite when it is cooled in salt, lead, oil 
or aqueous baths to transform to martensite) the 
first course does not appear to be feasible. The 
failure, therefore, by Ko and Edmondson! to detect 
any stebilization of austenite in a nickel steel, even 
when it was cathodioally impregnated with hydrogen 
at room tare but transformed after austenit- 
ization, %4 hr. after the imp ion, at 1,100° O. 
for 30 min. in vacuum, may well be understood. 

The second, alternative is quite feasible and allows 
the effect of hydrogen, when suitably introduced, on 
the stability of austenite to be studied, as may be 
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sarkon tha fala iia rédalin: obtained on á 1- 1 per 
cent carbon, 3-88 per oent chromium. steel anda 
18-8 low carbon (0:08 per cent) wistabilited stainless 
steel. a als 


A. Chromium steel, sustenitized in wy 960". foe 14 be 
"Mar temperature, 93° O. approx. 
Hott ra 30 bee 20 load) 
isan ot tear 


1. Quenched from 980° 0. Pa Rolling water st 
%20., held for 90 sec., and 
solution 


ba as slectrolyte, specimen was 
poine water at O80. for 78 moe. and 
boiling wa a 0. 78 sec, and 
afterwards quenched in an aqueous solu- 
uono 1o per cent sulphuric acid, held 
a > 


3. Quenahed from 080° C. in an aqueous solu- 
pent solphurie asid hald af 
thrice to m- 


710 


710 
tized tn t 1,080° 0, for į hr. 
‘Appearimate Mr temperature, — 130" 0. 
(VP, 80 Eg. oad 
(Mean of four } 


155 


i 
g 


169 


Above spectmen aged at room tempera- 


ture for 60 hr. 162 
O. m water at 
Ler 


4. from 1 
8* 0., 


min, es 
weer. eames iat 78 me qoecched fn ged 


The above stabilization of austenite by hydrogen 
and the conditions under which it is detectable oan 
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forward origin- 
ally by Oohen et al.*, and amplified by ust and will 
be discussed in a subsequent communication. 
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Retained Austenite and the Tempering 
of Martensite 


Tan decomposition of retained sustenite as the 
second stage in the i 


this may not be a passive role is 
Cast ane E e coc CE hae N 
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- within ‘the $ 


quite 
rapidly without the need for an induction period‘. 


This process GE Cm el Go TET y by the 
precipitation of « carbide and the creation of a low- 
carbon approximately 0-25 


tion of this low-carbon 
by the precipitation of the ae. stable oarbide— 
cementite. 


The reason for a matrix carbon content in the 0-2- 


the Fe—O In effect, T 
interpretati ee ee 
the on- of martensite may be lowered. 


The ed th 
Se ised leat 


tion. 

One of the critical points in deciding between these 
two interpretations of the msirix carbon content 
centres around the extrapolation of the ferrite and 
austenite solubility lines. It seema likely that these 
curves will exhibit behaviour’ so that the 
solubility of carbon im ferrite (in metastable equili- 
brinm with sustenite) should be much less than 
0-25 per cent carbon. Under this condition, it must 
be presumed that the 0:25 per cent carbon-level is 


transfer much of ita excesa carbon to the austenite 
in an effort to achieve the lower carbon content 
Thus, it should be possible to 
these two interpretations of the matrix pelos 
content by studying the infuence of retained austenite 
ay ee rn i vite Alan S 
According to this concept, martensite plates sur- 
rounded by austenite should lower their carbon 
content (below 0-25 per cent carbon) much more 


samp 
pet a ae cee at 2,400° F. This 
produced 40-50 per cent martensite. One of these 











‘Time (se0.) 


1. Percentage of carbon in martensite as a function of 
Te holding 


tune at 270° F. 


was cooled ummediately in liqud nitrogen 
ead the amount of martensite to 90 
hapen The oscillating crystal technique of Kurd- 
yumov and Lysak* was employed to determine the 
carbon content of the martensitio matrix after 
appropriate tempermg treatments a$ 270° F. Fig. 1 
illustrates the influence of retained austenite an the 
carbon content of the matrix of tempered martensite. 
In this steel, the first stage ing reaction 
initually yields a matrix composition of 0-22 per cent 
. carbon regardless of the amount of retained austenite. 
“However, the matrix carbon content of crystals con- 
taining 50 per cent martensite was lowered below 


` > thas level much more rapidly than that of orystals 


rma | 90 per cent neia X-ray diffraction 
es demonstrated thst virtually no additional 


significant! 
apparent that austenite does act as an effective 
to drain the excess carbon from the martensitic 
matrix. 

The partition of carbon from martensite to austenite 
indicates that the composition of the low-carbon 
martensite must be attributed to the metastable 

involving e carbide rather than the one 
involving retained austenite. In fact, it seems likely 
that re-solution of « carbide helps to maintam the 
carbon-levels at the values reported in Fig. 1. Further- 
more, this mberpretation is consistent with the 
observation that steels contaming lees than 0-2 per 
cent carbon do not undergo the normal first stage 
tempering reaction involving the precipitation of s 
carbide. 

The partition of carbon from martensite to austen- 
ite may contribute signifloantly to property changes 


, change in length, evolution of 
heat, eto. te hae a ee e ae 
icated than the current theoretical treatments 
ict, 60 that a re-examination of tempering kmetioœ 
a plc ne prepa Vor acl ace pce SO 
3 depor ae eee. understeandmg of 
theory of tempermg 


that in the formation and tempering of martensite. 
However, the demonstration that the matrix of low- 
temperature bainite contains approximately 0-1 per 
cent carbon rather than 0- ce ee 
to deny this relationship and suggesta that bamite 
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may bypass the tetragonal state charsctoristic of 
martensite’. 


- This apparent ariomaly is removed by the results 
in Fig. 1. Since plates grow slowly*, 
pertition of carbon from bainite to austenite can 
accompany the growth process. In this light, it is 
that low-temperature bainite forms 
initially (at the advancing tip of the plate) aa a super- 
saturated ferrite with a carbon content which may 
not differ greatly from that of the austenite. 
Much of this turation us lost rapidly by the 
precipitation of e carbide which locelly could result 
Se re eee 
carbon range. However, as growth of the plate 
continues, the excess carbon can escape to the 
surrounding austenite in much the same way as that 
demonstrated for the tempering of martensite in the 
presence of large amounts of retained austenite. 
Thus, the low carbon content of the matrix of 


bainite is quite consistent with a turated 
ferrrte mechaniam for the mode “Of ormation, of 
bainite. 


We wish to express our appreciation to the Office 
of Naval Research, U.8. Navy, for support of this 
work. 
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CHEMISTRY 


Recombination of en Atoms in the 
eae Pls 


Tue rate of gas phase recombination of oxygen 
atoms at 10° O. in a flow system has been measured. 


of water vapour 
discharge. The decay of oxygen atom concentration 
along the axis of a cylmdrical ‘Pyrex’ tube, 4 om. in 
diameter and 100 cm. long, was followed by a mov- 
sch ena probe similar to that used by Schiff. 
Linear flow-rates in the range 60-250 om./sec. and 
total pressure of 0:3-2 mm. mercury were employed. 
The initial atom concentration, estimated from the 
power input to the probe, was of the order 5-10 per 
cent. 
The decay process was found to be first-order in 
oxygen atoms, but second-order in oxygen molecules. 
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This conclusion is in agrecrhont with that. of Schiff 


and supports his proposed meghanism : - 
0+0,+0,70, 4 0,4° -kı i 
EG. k, g 


Tis iiny dele e: aosi for tos), then : 
=O] [03 {2b,t0.7 + ka} 


T employed by us in evaluating 
k, and k, aasumee one-dimensional flow and includes 
axial diffusion but neglects radial diffusion (on the 
grounds thas the radial concentration gradient is 
probably very small’). 
For a first-order reaction, the equation of oon- 
tinuity for the reacting species for a steady state is: 
DSR + VS thn = 0 (1) 
Sie eee as, F, is the 
linear flow speed, n is the concentration of the reactive 
ies and k, is the rate constant for the reaction. 
This equation neglecta the amall change in V, over 
the reaction sone. The solution of (1) subject to the 
boundary conditions : 


n = ady m ©, n = nm abr = 0 


is 
n= ma 2 
Vo 
where i 
Gai _ 2 
bk +55 (2) 


E/V, is thus the slope of the conventional log n 
versus distance plot shown in Fig. 1. For SS 


DE = (2k,[0,]* + k,). When Fa 


1, k œ k,. Plota of kv[O,]* and k,v[0,} are shown 
m Figs. 2 and 8. Fig. 2 shows a distinct deviation 
from linearity, which is largely eliminated in Fig. 8, 
ABa aeol D E ToN n SUE) (pe aap 
in mm. of mercury) has been used. This value of D 
has been estimated by Andrussov*® on a theoretical 
16 
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10 20 30 40 50 
Po,* (mm.* meroury) 


a of k versus Po,* (no diffusion , Where 

Tr aia Moe cule ot gre A, 810 x 10” 

moleoulea/pec.; O, 3°82 x 10% moleculeajwoc.; El, 4 87 x 10™ 
Moleculeassec. 





10 20 30 40 50 
Po’ (mm," mareury) 


Fig. 8. Plot of k, versus Po," (diffusion correction made), The 
oxygen flow-rates are as for Wig. 2 


The values of k, and k, obtained from the data 
incorporated in Fig. 3 using equation, (2) were: 


kı = 6-0 x 10% c.c.* mole~* sect 
k, = 1-7 seo? 


The value of k, can be readily converted into a dimen- 
sionleas recombination coefficient y == 2k,R/6 (where 
R is the radius of the tube and o is the mean speed 
of the atoms), whence y = 1-1 x 10+. 

If no correction for diffusion were made and k, 
were put equal to k (as was done by Schiff), then the 
Ss ln cr ag ate values from the data in 
Fig. 2 would be: 


kı = 4:6 x 10% 0.0." mole sec.-! 
k, = 1-9 seo (y = 1:2 x 10) 


Schiff found k, = 1:0 x 10% 0.0.2 mole sec? and 
y = 0-77 x 10-4 

A recent investigation of the kinetios of this 
reaction followed by 
been made by 


appears first-order 

ink era OF 0 0 sec.-1, the total oxygen 

pressure 5 mm. Correcting for 

diamin soeoring to equation (A) k, ia found to bo 

in the 27-42 ge0.-1. ing Strandberg’s quoted. 

values of y = 3-2 x 104, ooo oe 
ated by us as 0-6-1-8 x 10t oc." mole’ seo.-!. 

in the literature 

; 0- 79 x 10% Seis 


appropriate flow problem, including the effecte of 


688 
viscosity, pressure gradients, axial and radial diffusion 
and chemical reaction, is extremely difficult to handle, 
but the simplified model here appears to 
describe the paina situstion fairly adequately 
in this case. It appears important to us that some 
correction for axial diffumon along these Imes should 
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Use of Reflectance Measurements in 
assessing the Colour Changes of Ageing 
Bloodstains 


Ir is bia known that the colour of bloodstams 
changes from red to brown with imoreasing 
bis dhs vais at a iok these changes: coon and the 
factors which influence this rate are not so well 
tablished: =", e oe 
use of subjective visual asseasment of the changes. 
aaaea ot Ue e cl eeu oe 
extracts to spectrophotometric analysis suffers 
from the defect of being destructive of the stain and 
ia sometimes complicated by simultaneous extraction 
of dye and dirt from the stained object. There is also 
evidence that the extraction methods may accelerate 
the colour changes (Kind, 8. 8., unpublished results). 

The value of being ablo to assess the age of blood- 
steams, even within wide limits, can on occasion be 
useful. For example, a person accused of assault 
may allege that bloodstains present on his clothmg 
are his own, of long standing, and resulted from 4 
cut while shaving. Age aesessment may help here 
if grouping tests prove of no assistance. 

The development of photo-electric colorimeters of 
high sensitivity and precimon, the readings of which 
can be readily converted to the C.I.E. system of 
colour specification‘, offers a method of non-destruo- 
tive testing, based on the-surface colour of the stain, 
and free from any subjective judgment. 

To test this view, stains were prepared as follows. 
Sufficient fresh venous blood was collected from six 
male individuals (age-range 17-45 years) to cover an 
area rather greater than 4 om. x 2:5 cm. in the 
middle of a Whatman, No. 1 filter paper circle. When 
dry the circle was then cut exactly to 40m. x 2-5 om. 
to climate differential shrinkage of the paper which 
otherwise made it difficult to press the stained aree 
flat without any wrinkling. The samples were then fired 
with amall pieces of adhesive tape to the back of a black 
metal maak with an aperture 3-0cm. x 2-0 cm. cut it. 
Marked into the metal of the mask was a rectangle 
of exactly the same size as the stained paper so that 
the samples could be placed in exactly the same 
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0 +4400 | 
0:4800 
0 4200 
0-4100 
0 -4000 
0-3000 


0:3800 
5 88 72 96 146 172 230 299 

Fig. 1. Tie eens 10, Mioa: co-ordinate oe a 

system. The abscissa refers to the duration of the experment 

in hours 

position on the ‘Colormaster’ differential colorimeter 
on each occasion that their colour was measured. 
Over the back of the samples and the mask a piece of 
black velvet fixed to black ‘P was placed. 
Dha dseven to ax diate iari hooned fom he back 
of the samples and to keep them flat. 

The C.I.E. chromaticity co-ordimate v obtained for 
the six stains is presented in graphical form (Fig. 1). 
The chromaticity co-ordinate y showed little change 
over the period of the + apart from & 
slight but steady increase (mean 0:3280 mereasing to 
0-3330) and the luminance factor after an initial 
small drop in the first 24 hr. remained constant. 
The precision of a single readmg was estimated by 
taking 12 successive seta of readings of the red, green 
and blue reflectance values on one bloodstam, the 
sample being removed and replaced on the maak 
between each set. The means and standard deviations 
obtained are shown in Table 1. 


Table 1 
Mean 
Teflectanco deviation 
(per cent) 
Green. 13 046 0-013 
Red oe 0 018 
Blue ‘832 0 011 


This shows very high precigion quite adequate for 
the purpose m hand. 

From Fig. 1 it can be geen that the changes in 
colour can best be followed: from the æ chromatidity 
EE and that the greater part of the change 

iae ploe iy the Bees ies day. Afterwards the 
rate o of email, and ta pach Ahad she daly 
change would only be detectable by a trained observer 
who had both the changed and unchanged colour 
before him at one time.. It therefore seems unlikely 
that it is possible to_tall the age of bloodstains by 
visual means alone with any. certainty. 

The conditions of temperatute, humidity and light- 
ing under which the stains àre kept doubtless have an 
effect on the rate of colour change. In these experi- 
ments the stains were kept in the dark at room 
temperature (about 18° O.) between moasurements. 
The use of high-precision colorimetry would seem to 
offer a basis for preparing master curves of colour 
changes against time for different environmental 


No. 4738 August 20, 1960 


conditions and thus by measuring the rate of change 
of the colour of an unknown sample to estimate ite 

age by extrapolation. Not enough results are, 
hone: available from the present Investigation to 
enable this to be done. 


I wish to thank Mr. 8. 8. Kind, of the Home Office’ 


Forensic Science Laboratory, Harrogate, for helpful 
i aes 
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Determination of Fatty Acids of Lower 
Molecular Weight by Gas Chromatography 


ANALYTIOAL methods for the qualitative and 
eee ee ee oe 
cerned primarily with the fatty acids of higher 
molecular weight because of their importence in 
health and nutrition. Small quantities of fatty acids 
as the methyl osters can be separated by the gas- 
liquid partition chromatography of James and 
Martin'*. The fractionation is based on the length 
of the carbon chain with the more recent development, 
including fractionation on the basis of unsaturation’. 
These methods, however, do not provide for the con- 
venient analysis of the acids of lower molecular 
weight in a mixture of fatty acids. By modification 
of the method of Craig and Murty‘ it is possible to 
separate and identify the fatty acids of lower molecular 
weight with the same column as that used for the 
separation of the acids of higher molecular weight. 

An ‘Aesrograph’ gas chromatographic instrument, 
model A-100, was employed for the fractionation of 
the methyl esters of the fatty acids. The stainless 
steel column, } in. outer diameter and 10 ft. long, 
was packed with ‘Chromasorb’, 60-80 mesh (Johns- 
Manville, Celite Division, New York), impregnated 
with polyester butanediol succinate’. 5 gm. of the 
polyester dissolved in 200 ml. of acetone were added 
to 25 gm. of ‘Chromasorb’. The acetone was removed 
by heating on a steam-bath, after which the mixture 
was dried in an oven at 110° O. for 6 hr. A filament 
current of 210 m.amp. was mamtamed on the standard 
‘Aerograph’ four-filament detector. A ‘Varian’ 10 mV. 
recorder was modified with a range selector switch to 
giveal mV. full-scale sensitivity. 

The original procedure was modified for the separa- 
tion of the lower molecular weight esters. A known 
rorxture of fatty acids, consisting of acetic, propionic, 
teobutyrio, butyric, _2methyl butyric, tsovaleric, 
valerio, tsocaproic,-caproic, gnanthio, and caprylic 


acids, were converted to the-co methyl 
estera by reaction with diazon , using the- 
microtechnique.of Roper and Ma’. Since these esters 


would be charactérized by lower boiling points, the 
column was mdyntained at a temperature of 92° O. 
with helium uged as the oärrier gas at a flow-rate of 
40 ml. per min. 

A chromatogram showing the separation of these 
lower molecular weight fatty acid esters is ahown in 
Fig. 1. Using this technique, it is possible to separate 
the lower molecular weight fatty acids in approxi- 
mately 28 min. 
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$ fatty acid esteis. 


2, mata! te; 8, methyl 
le ; 6, me l- 
tyra T, 
9, meta ] isocaproate ; 
methyl capiyiate, F Hiffievency : teig 
methyl caprylate) 


The separation of the higher molecular weight fatty 


„acids can be accomplished by raismg the temperature 


to 216° O. and increasing the flow-rate to 60 ml. per 
min. Tho column is brought to equilibrium and’ 
another sample injected mto the column. 

By comparmg the peak area of an ester such as 
methyi caprylate which appears on both chromato- 
grams it is posmble to establish a quantitative 
relationship between the lower and higher molecular 
weight fatty acids. If no overlaps, the addition 
of a known amount of yl caprylate will establish 
a reference point. 

Manm L. VORBEOK 
LEONARD R. MATTIOK 
Frank A. Lam 

CARL 8. PEDERSON 
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BIOCHEMISTRY 


Microbiological Transformation of Ter- 

penes : Hydroxylation of a-Pinene 

THe miorobiological transformations of steroids 
and alkaloids have opened up a new line of approach 
towards the synthesis of many biologically active 
compounds. Relatively little is known, however, 
about the capability of micro-organisms to transform 
the simple enoid co: unds. Recently, Bradshaw 
et al.4.2 have studied the microbiological transforma- 
tion of camphor. 

The yields of eseential oils from some oil-bearing 
plants are known to be oonsiderably enhanced if 
the plants are infected by micro-o . The 
present communication deals with the microbiological 
transformations of a-pinene by moulds. í 
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A aiT screening of fungi on Czapek-Dox 
medium enriched with yeast-extract, oorn-steep 
liquor and 0-5 per cent a-pinene (1) resulted in the 

on of a strain of Aspergillus niger for further 
studies. A 24-hr. shake culture of this strain-meta- 
bolized 0-5 per cent pinene in 4-8 hr. 

In a typical fermentation the mould was grown 
im shake cultures for 24 hr. d«-Pinene (I) was 
added to the culture (0-5 ml. per 100 ml. of the 
medium) and the fermentation was continued for 
4 hr. (The purified sample of «-pinene employed in 
these experiments had a rotation of [a]% + 24-5°. 
This rotation would correspond to a mixture of 
70 per cent d- and 80 per cent l-æ-pinene.) After this 
period a second lot of pinene (0:5 per cent) was added 
and the fermentation was allowed to proceed for 
another 4-hr. period. The culture was filtered. The 
myoelial pellets were extracted with a little acetone 
and the acetone extract was added to the culture 
filtrate, which was then extracted first with ether 
(extract A) and then with butanol (extract B). 
Extract A was washed free from acids by aqueous 
sodium carbonate and evaporated to yield a pale 
yellow oil. Unreacted pinene waa removed from this 
oil by & countercurrent distribution between hexane 
and 90 per cent aqueous ethanol. The ethanolic 
layers containing the oxygenated conversion producte 
of pinene were carefully evaporated. The oily residue 
yielded on distillation, under reduced pressure, & 
clear, colourless oil and & semi-crystellme residual 
mass. 

.The distillate was further fractionated into an 
aloohol (I1) and a ketone (LII) by bisulphite treatment. 
The residue m the distillation flask, as well as the 
butanol extract (extract B), yielded a crystalline 
diol (TV) on chromatography over alumina. 

Alochol II: b.p. 140° (bath temp.)/16 mm. [a]¥ + 
64° (aloohol); molecular formula ©,,H,,0O (found, 
C, 78-62, H, 10-6); infra-red absorption 8,420 am.-1 
(OH). ‘Tb gave a "crystalline p-nitrobenzoate, m.p. 
90° [ape + te (aloohol). 

On mild chromic acid oxidation in pyridine or by 
oxidation with solid manganese dioxide in chloroform 
the alcohol (II) yielded the ketone (OI) in nearly 
quantitative yields. 

Ketone (III): b.p. 180° (bath temp.)/14 mm. 
[a}# + 238° (ethanol); molecular formula O,.H,,0 
(found, O, 79-82, H, 9-51); ultra-violet absorption 
Amar 258 mu (amex, 6,480); infra-red absorption 
1,665 om.-! (con O0) and 1,615 om 
(double bond). It formed a semiocarbaxone m.p. 
208-—205°. 

From these properties the ketone (LI) was identi- 
fled as d-verbenone. For compari d-verbenone 
was synthesized according to the method of Badochet. 
A comparison of the physical properties, ultre- 
violet and infra-red spectra of verbenone and ite 
ee ee (111) and ite 

i derivative conclusively established 
the identity. af somponnd IE. There was no depres- 
sion in the mixed melting point of the semicarbazones. 
The aloohol (II) could, therefore, be characterized 
as ots d-verbenol on the basis of its optical rotation 
and the melting point and the optical rotation of ite 
p-nitrobenzoate’. 

Diol (IV): mp. 144-145° [a] + 152° (ethanol) ; 
molecular formula ©,,.H,,0, (found, O, 70-66; 
H, 10-7); strong infra-red absorption at 8,260 om. 
(OH). Tt was identified as d(-}-)-trans-sobrerol on the 


basis of the following properties : 
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It showed no depression in the mixed melting point 
with synthetic ans sobrerol prepared by aoid- 
catalysed rearrangement of «-pinene epoxide’. The 
physical ies and the infra-red spectra of (IV) 
were identical with those of the synthetic product. 
Both were converted to the identical ketone, hydroxy- ` 
oarvotonacetone (V) (Amex. 282 mu, tmar 9,200), on 
oxidation with manganese dioxide. 


SALA oe 


a@Pinene els-Verbenol Verbenons trane-Sobrerol Hydroxy- 


Under optimum conditions the yields of these 
producta on the basis of the pinene utilized were 
20-25 per-cant verbenol, 2-3 per cent verbenone and 
2-3 per cent sobrerol. The major fraction of the 
Ppinene metabolized appears to have been broken 
down to smaller fragments and probably oxidized 
to carbon dioxide and water. 

Verbenone, verbenol and sobrerol have been identi- 
fled among the auto-oxidation products of a-pinene. 
The major product of auto-oxidation is, however, 
verbenone with only amall amounta of the aloohol, 
whereas verbenol is the major metabolite obtained by 
microbiological oxidation. Moreover, in the biological 
process these producta were obtained im optically 
pure form, presumably from d-«-pinene. 

The formation of ots-verbenol may be accounted for 
either by a free-radical attack at the allylic position, 
or by removal of a-hydride ion from the same position 
through the mediation of an electrophilic species, 
such as an incipient OH+. 

d-trans-Bobrerol may be presumed to be derived 
from d-c-pimene by & ted attack on the 1,2 
double bond by an electron deficient oxygen (OH+, 


ete.) in the following manner : 
à -OH OH 
dl-e 


A detailed report an these investigations will be 
published elsewhere. 
We wish to express our thanks to Drs. 8. C. 
and V. J for their 
interest in this work and helpful suggestions. 


P. K. BHATTACHARYYA 
B. R. Prawa 

B. D. KÚLKARNI 

8. K. PRADHAN 


Division of Biochemistry, 


! Bradshaw, W. H., Ognrad, HL rey, H. J., Gunsalus, L 0,, and 
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Excretion of Catechol after I lon of 
Quinic and Shikimic ds 


Tum detection of catechol in acid-hydrolysed 
normal human urine and oow’s urine was 
recently by von Euler and Lishajko*. The origin of 
the catechol was not known. The excretion of hip- 
purio acid in the urine of man after oral ingestion of 
calcium quinaté was reported by Leutemann in 
1868%. It oosurred-to us that if an aromatic ring 
can be formed in the animal body from quinio acid 
(1:3:4; 5-tetrahydroxyoyclohexane carboxylic acid), 
then urinary catechol might have a mmilar origin. 
Further, an exogenous (dietary) precursor is impli- 
cated sinoe we are unable to detect catechol in the 
urine of rate fed a highly purified diet. Quinio and 
shikimic acids are known to be present in edible 

lanta. Reems. i 
y Adult albino rats were fed a purified diet-(suorose, 
casei, salta, oil, vitamins) and given quinio acid by 
stomach tube (100 mgm./rat). A 48-hr. urine sample 
was collected and subjected to two-dimensional 
paper chromatographic analysis. The lower phase 
of a chloroform/acetio acid/water (2:1:1) mixture 
was used in the first direction followed by 20 per cent 
ium chloride in the second direction. Each 
developed chromatogram was air-dried and carefully 
examined under short-wave ultra-violet light and 
then sprayed with diazotized sulphanilio acid followed 
by 20 per cant sodium carbonate. Thus the positive 
identification of a urinary metabolite was based on 
its Ry values in two dimensions, ita behaviour under 
ultra-violet light and its oolour with diazotized 
sulphanilic acid—sodium carbonate. 

In our chromatographio system? hippuric acid is 
located at Ry 0-60 x 0-87, gives no colour with the 
diazotized sulphanilio acid reagent and abeorbs 
ultra-violet light. Tho only notable deviation from 
normal in the case of the ether extract of the acidified 
urine of rata given quinic acid by stomach tube was 
a marked increase in the size of the area corresponding 
to hippurio acid. Catechol was not detected. Simil- 
arly, catechol was not detected after acid hydrolysis 
(2 N hydrochloric acid refiux, 80 min.) of the ether 
extract, suggesting that this fraction does not contain 
an ether-soluble conjugate of catechol. Finally, the 
ether-extracted urme was acid-hydrolysed and re- 
extracted with ether. When this ether extract was 
examined chromatographically, catechol was readily 
detected at Ry 0:50 x 0-74. Catechol absorbs 
ultra-violet light and when sprayed with the diasot- 
ized sulphanilic acid reagent undergoes a very 
characteristic colour change from red to green to 
blue-black. Another characteristic of catechol is ita 
tendency to darken on-an unsprayed chromatogram, 
presumably due to spontaneous oxidation. 

When snhikimic acid was administered to rats by 
stomach tube (100 mgm./rat) the same results were 
obtained as described above for quinio acid. Thus 
catechol was clearly: present on the chromatogram 
of the acid-hydrolysed ether-extracted urme. In 
addition, an unidentified metabolite of both quinic 
aad shikimio acids having the same chromatographic 
characteristics as vanillio acid was detected in the 
urine after hydrolysis. 

Rata were also fed quinio acid mixed in the purified 
diet at a level of 8 per cent. Catechol was readily 
detected free (unconjugated) as well as conjugated 
in the urme. According to Garton and Williams‘, 
catechol is formed and excreted principally as a mono- 
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gincuronide or monosulphate derivative in the urine 
of rabbita receiving benzene by stomach tube. 

It is difficult to estimate the amount of catechol 
excreted in urine, due to ita instability, especially 
when subjected to acid hydrolysis. A minimal 
amount of 2 mgm. of catechol was excreted during a 
period of two days by two rats ingesting a total of 
1-5 of quinic acid in the diet. 

ether aromatization of quinio and shikimic 
acids to form catechol is dependent on intestinal 
micro-organisms is not known. Ayengar ei al.* 
reported that ‘“‘extracta of rabbit-liver acetone 
powder catalysed the formation of catechol from 
3,5-cyclohexadiene-1,2-diol”, but not from p-quinio 
acid. Mitoma et al. isolated an enzyme system from 
guinea pig liver which was able to aromatixze oyclo- 
hexanecarboxylic acid®. 

From these results it is tempting to conolude that 
the catechol in human and cow urine may be formed 
from quinic acid and related substances in the diet. 


A. N. Boorse 
D. J. ROBBINS 
M. 8. MAsRI 
F. DeEps 


Western Regional Research Laboratory, 
Agricultural Research Service, 
U8. Department of Agriculture, 
Albany, 
California. 
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Staining for lodine in Chromatograms of 
Human Plasma : an Artefact due to 
Thiourea or Thiouracils 


UNT the by Wemer and Block!, it was 
generally thought that at most only very small 
quantities of iodinated tyrosines are present in normal 
human serum. This conclusion was based on 1I- 
chromatographic studies using plasma extracts from 
subjects given radioiodine. Werner and Block 
report, however, that when the iodme distribution 
in normal human serum is analysed chemically by 
the ceric—areesnite reaction’, approximately half the 
circulating iodine is m the form of mono- 
iodotyrosine or di-iodotyrosine, although the radio- 

ivity in the same chromatogram is distributed 
accordmg to the resulta of other workers. Hitherto 
these results have been very difficult to understand, 
and they are inconsistent with the rapid deiodination 
seen when iodotyrosines are injected’. We have 
recently confirmed Werner and Block’s results mdicat- 
ing a discrepancy between the distribution of stable 
and radioactive iodine, when usmg very similar 
methods to estimate the distribution of iodinated 
amino-scids m human serum. Onur extraction and 
paige gate He techniques differed from those of 
Mandl and Block only in that the acidifled serum 
was extracted three times with butanol and that the 
chroma’ was unidimensional and run im aoid- 
butanol / 2 N acetic acid (1:1). We find that when 
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Chromatograms stained for lodme by the cers-arsenite reaction: mfinence of thiourea on iodotyrosme positions 


oxidation of iodide to iodine. 
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propylthiouracil runs in the 
position of the thyronines. 





Careful study by direct colorimetry of 





ET OYLTRORURACH, CF) 2000 wp 


HIT + OCT OH 1O ipie (T) 


META BT (3500) ple ID) 


HET +T (3000 18) ps (AE) 


HIT + OT (IM 10 pos (HY) 





Fig. 2. 
for iodine by cet re—arsenite 


the chromatogram of serum collected’ 48 hr. after a 
100 uo. dope of iodme-181 is scanned for radioactivity 
little or no counta are recordable in the mono- or 
di-:odotyrosine positions, whereas when the samo 
chromatograms are evaluated chemically for iodine 
by the ceric~arsenite reaction, iodotyrosinses appear 
to be present in considerable quantity. 

However, activation analysis by neutron bomberd- 
ment in the Medical Research Council OT to 
produce iodine-128 did not reveal any eyo in the 
region of the chromatogram o to the 
positions of mono- and diiodoiynomns. 6-10 ml. 
of normal serum had been run on paper from which 
the spota were cut. Evaluated by the fadmg with 
ceric—arsenite the chromatogram showed an iodme 
distribution of 20-5 cent ag iodide, 8 5 per cent 
as mono-, and 19-6 as di-iodotyrosine, whereas 
activation analysis produced iodime-128 from the 
1odide spot but less than 0-2 ugm. iodine/100 ml. 
serum from erther of the apparent iodotyrogine spots 
(the thyronine region waa not tested). 

Further work suggests that the steming in the 
mono- and di-iodotyrosine regions of the chromato- 
gram developed with caric—arsenite may be dus to the 
presence of thiourea. This substance had been added 
m pgm. quantities at all stages of the chemical 
processing in order to prevent any artefacts from the 
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Behaviour of some thiomaal derivatives on chromatograms stained 


although there is some rapid tial 
fading this 1s virtually imperceptible when 
small (less than 100 pgm.) quantities of 
thiourea are . Furthermore, the 
subsequent rate of fading 18 almost in- 
distinguishable from that given by iodide, 
especially with small thiourea concentra- 
tions (Fig. 3). 

From this we conclude that the appar- 
ent presence of mono- and di-1odotyrosme 
on chromatograms stained for iodine when 
prepared from normal human serum by 
our initial procedure may be an artefact 
due to added thiourea. Preliminary studies with 
activation, analysis and an mproved chromatographic 
technique have as yet failed to reveal detectable 
amounts of iodotyrosmes m normal fasimg human 
serum. Thus we cannot confirm the conclusions of 
Werner and Block, and we suggest that the apparent 
iodotyrosme staming which they find may have been 
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an artefact due to thiouracil added during their 
extraction procedure. ‘ 
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Inhibition of Glucuronosyl Transferase by 
Progestational Agents from Serum of 
Pregnant Women 


GLUCURONIDE conjugates are formed by the 
condensation of an aloohol or acid aglycone with 
uridine diphosphoglucuronic acid by the enzyme, 
glucuronosyl transferase'. A functional immaturity 
of this enzyme system and perhaps a deficiency of 
uridine diphosphoglucuronic acid has been observed 
in new-born animals". Since indirect- bili- 
rubin is converted to bilrrubin glucuronide by means 
of glucuronoay! transferase’, Billing et al.‘ have sug- 
gested that physiological hyperbilirubinsmia of the 
new-born infant might be the result of a deficiency 
of this enzyme system. Recently, Lathe and Walker* 
reported mhibition of bilirubm conjugation in liver 
slices by serum of pregnant women. This com- 
munication reporte studies aimed at identifymg the 
mhibitor substances and assessing ther importance 
in hyperbilirubinamia of the new-born. 

The effect of a final serum concentration of 14 per 
cent upon o-aminophenol conjugation by rat lrver 
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homogenate was studied using the method of Levvy 
and Storey*. The resulta (Fig. 1) mdicated inhibition 
of 64-0 + 21-8 per cent, 42-8 + 22-5 per cent, and 
48-2 + 20-0 per cent by serum from pregnant women, 
immediately post-partum women, and new-born 
infants ively, in contrast to inhibition of 
1:3 + 1-0 per cent and 26-8 + 9-8 per oent by 
serum from adult males and adult non-pregnant 
females. Analyses of serial determinations indicate & 
gradual increase of o-aminophenol inhibition as term 
is approached, and a rapid fall after delivery. 

The neutral lipids extracted from one litre of 
pooled serum from pregnant women were chromato- 
graphed on a silica column using gradient elution 
with benzene—ethy] acetate’. Four fractions were 
obtained which resulted m mhibition of o-aminophenol 
conjugation. The fraction showing most of the 
inhibitory activity contamed a material which was 
chromatographed on propylene glyool-treated paper 
using toluene as developer; ite migration corre- 
sponded to pregnanediol-3a,2#0a. On repeated 

ion from ethanol, hexagonal prisms were 
obtained which showed a change in crystal structure 
at 210-220° C. and melted at 239-5-240° O. (Kofler 
mucro-melting point). Authentic pregnanediol-84,20a 
melted at 239-5-240° C. and a mixed meltmg point 
with the isolated crystals was 237-5-238-5° C. Infra- 
red spectra of the isolated material and pregnanediol 
are identical. On the basis of migration on paper 
and colour tests, other fractions are thought to 
contain alo-pregnanetriol and pregnanolone. All 
three compounds were found to inhibit conjugation 
tn vitro. 


Table 1. 


LyHIsttIoN BY PROGBSTIXS OF PHENOLPHTHALMIN CON- 
LIVER MIckOs0MAL 


JUGATION BY Bat Fracriox 











17a-Hthy]-19-nortestosterons 08 50 
Progesterone 6 50 
Frognanediol 40 30 
17: Aa Rinny ona testosterone 10 0 36 
170-Hth mg 189 3 
a- norandrostanediol 3 

ees a 10-norandrostanedsol 18 0 27 

17a-Hydroxyprogssterones 16 0 15 
17a-Methallyi-10-nortestosterone 32 0 50 











equivalent to 0 8 gm liver, 760) 


Each fesk contained 
phonolphthalein {00y uridine diphosphogtucaranto so a 0 08 M tee 
affer at pH 7 6,0 012 M O18 Wf nlootinamnsie, 


chloride, 
0 06 M potassium chloride, is Inoubeted at 37° O for 30 mm, 


With these findings, it was decided next to test & 
series of progestational agents of physiological 
importance. 17a - ethyl -19-nortestosterone, progester- 
one, pregnanediol, 17a-hydroxyprogesterone, and 
17a -methallyl-19-norprogesterone, 17a-ethinyl-19- 
nortestosterons, 17a -ethyl-A*°- 19-norandrostanol - 
one, 17a-ethinyl-A*1*-19-norandrostanolone, 17a- 
hydroxyprogesterone, in order of decreasing effective- 
ness, were found to inhibit glucuronide formation as 
shown in Table 1. 

With , inhibition was found using 
o-aminophenol, phenolphthalein, and bilirubm as 
substrates in both homogenates and microsomal 
fractions prepared from rat and guinea pig liver. 

These observations may help to explam the 
jaundice which has been observed with prolonged 
administration of 17a-ethyl-19-nortestosterone and 
other steroids. High levels of progestins in maternal 
serum during pregnancy could play a part in the 
physiological hyperbilirubinszmia of the new-born. 
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Plant-Growth Activity of m Alkylphenylacetic 
Acids and I,2-Benzo-I-cycloalkene-3-carboxyllc 
Acids 


1,2,3,4-Tetrahydro-l-naphthoic acid (1,2-benzo-1- 
oyclohaxene-3-carboxylic acid) was found to have a 
high plant-growth ivity. Ite lower homologue, 
l-indancarboxylic acid (1,2-benzo-1-cyclopentene-3- 
carboxylic acid) was reported later to be considerably 
active though leas than the former’. In the homolog- 
ous series of these two acids, the 1,2-benzo-1-oyolo- 
alkene-3-carboxylic acids, the spatial relation of the 
carboxyl group to the ring system is influenced by 
the saiicyclio ring structure. On the other hand, 
in the «-alkylphenylacetio acids, which may be 
regarded as the ‘open forms’ of the above acida, 
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it is unnecessary to consider such an influence on, the 
carboxyl group. In order to examine the effect on 
plant-growth activity of such a difference in the 
structure, we tested activities of these series of com- 
pounds in the pea straight-growth test. 

In the a-alkytphenylacetic soids, the terminal of 
the alkyl cham is considered to lie preferably far from 
both the benzene ring and the carboxyl group im 
order to reduce steric repulsions to a minimum. 
The chain of n-alkanes has been shown by Bonham 
and his co-workers" to exist predominantly in all-rans 
configuration or in those which involve at least one 
gauche conformation. Therefore, the spatial relation 
of the carboxyl to the ring may not change 
appreciably, even if the length of the side-cham 
changes. The carboxyl group in this series emarges 
considerably from the plane of the benzene ring. 
Fitting of the molecule to the site of action may, 
however, be interfered with when the molecular 
dimension increases due to elongation of the side- 
cham. ` The molecular dimensions of n- Iphenyl- 
acetic and n-amyliphenylacetic acids, ich are 
inactive, may be too large for fitting. 

In the 1,2-benzo-l-cyoloalkene-8-carboxylic acids, 
increasing the carbon atoms in the alicyolic ring may 
not affect the molecular dimension so remarkably as 
in the above-mentioned series, because of ther 
‘condensed ring structure’. The spatial configuration 
of the carboxyl group, on the other hand, may be 
affected considerably. Judged from the ultra-violet 
spectra and the molecular model, the carboxyl group 
of benzocyclobutene- and indan-carboxylic acids takes 
a fixed conformation rising considerably from the 
plane of the benzene ring. The carboxyl of tetra- 


. hydro-naphthoic acid, which is mare active than the 


two lower homologues, emerges from the ring plane 
more conspicuously when rb takes a quasi-axial 
conformation, one of the two conformations inferable. 
The carboxyl group of benzo-cycloheptene- and 
-cyclooctene-carboxylic acids, which are inactivo, is 
presumed to be in a favourable equatorial conforma- 
tion, owing to hydrogen crowding of the ring and 
restriction of rotation of the group as suggested by 
Huisgen‘ concerning the conformation of 1,2-benzo-1- 
oycloheptenyl- and -1l-oycloocteny]-3-methyltosylates. 

Thus, the grade of activity of the two series of 
compounds may be explained by the steric circum- 
stances of the molecule, as m the hydrogenated 
l-naphtheic acids’. 

On the other hand, since the hydrophil-lipophil- 
belance may not differ signifloantly between the 
corresponding members of the two series possessing 
the same number of carbon atoms, the abrupt drop 


Table 1. PLANT-GROWTH ACTIVITY If THE Pea StRalcer-dRowTH Tmerr* g 
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beerred for a-alkyipbenylaceio acids agree with those of Veldstra, who used the pea curvature tests (ref. 2). 
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of activity in each series from the 0;,-acid to the 0,,- 
acid may be understood by en increase in lipophilic 


nature beyond optimum, like toxicity in the homolog- 
ous series of p in, bactericidal activity in 
n-slkanols, eto.. Consequently, it cannot be decided. 


whether this abrupt change is attributable to molecu- 
lar form or hydrophil-lipophil-balanoe, though the 
plant-growth activity may be conditioned by the 
above two factors as suggested by Veldstra’. From 
this pomt of view it is hoped to obtain information 
about the activity of homologues of 1,4-dihydro-1- 
naphthoio acid, which are considered to have a higher 
chance of having their carboxyl group in the axial 
positions, owing to the smaller amount of hydrogen 
crowding. 
Karoyrossr Kawaru 
Tosno Fusa 
Tsrsuvo Mrrsor 
Department of Agricultural Chemistry, 
Jmo Karo 
Masayuxr KATSUMI 
Department of Botany, 
Kyoto University, 
Kyoto. June 8. 
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Evidence for Multiple Nature of Cellulase of 
Myrotheclum verrucaria 


OonrLioTnva views are held on the multiple nature 
of cellulase of M. verrucaria. Paper and column 
chromatography?,", zone electrophoresis* and electro- 

convection of crude Pp tions of the 
cellulase indicated the multiple nature of this enzyme 
system. On the other hand, by fraotionating the 
cellulase by precipitation techniques, Whitaker’ 
obtained a preparation homogeneous in the ultra- 
and on electrophoresis, which exhibited 

all the activities tested of the crude enzyme oconcen- 
trated in about the same ratios. 
He maintains that 1,4-6-linked 
oligo- and poly-glucosides are 
hydrolysed by ane enzymet which 
posgibly forms stable complexes 
with metabolic producta, thus 
giving rise to a number of com- 
with ocellulolytic aot- 


Cathleen waita 


Ivity*,’. 

In our investigations ion-ex- 
change chromatography was used 
as a means to purify and/or frac- 
tionate the cellulase of M. verru- 
carta. ‘Amberlite [RO—50" (120- 
200 mesh) was equilibrated with 
the buffer from which the cellu- 
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Tabl 1 


Relative hydrotytto be per mgm. nitrogen 
of the various fractions of callulose towards ` 





Original 
Fraction 

A 

B 

0 

D 

a 

r 


buffer. The column was operated at a speed of about 
15 ml./om.* per hr. Elution was performed with buffers 
of increasing pH and/or molarity. The effluent was col- 
lected in fractions which were analysed for cellulolytic 
activity towards sodium carboxymethyicellulose. 

The cellulase used was a culture filtrate of M 
verruoaria grown an cellulose powder, which was. 
concentrated about tenfold in a Bartholomew 
ide sia afterwards dialysed against running tap- 

using collodion membranes), ultrafiltered, 
dialye against distilled water and freeze-dried. 

Oellulolytio activity towards sodium oarborxy- 
methyloellulose was measured by incubating 5 ml. 
of a 0-7 cent solution of the substance (degree of 
substitution, 0-8) in buffer (pH 5-6) with 1 mL 
enzyme solution for 1 hr. at 30°O. Reducing groups 
formed in 1 ml. of the incubation mixture were 
measured and expressed as ‘mgm. glucose’. The 

amount of easyme producing 0-4 ‘mgm. glucose’ 
under these conditions was denoted 1 cellulase unit. 
The enzyme solutions tested were always diluted so 
as to contain 1 cellulase unit or leas per ml. 

The results of some preliminary experiments were 
as follows. No adsorption of cellulase was found from 
a buffer solution of pH 6-0 (0:048 M). Almost all 
the cellulase was adsorbed from a solution buffered 
at pH 4-2 (0-048 M), but the cellulase could be eluted 
only very incompletely. 

At pH 5-3 (0-048 M) 70-75 per cent of the cellulase 
was adsorbed. Elution with buffers of higher pH andj 
or molarity gave recoveries of 80-90 per cent of the 
activity towards sodium carboxy-methyloellulose. On 
reahromatography under identical conditions of the 
cellulase which was not adsorbed, 90 per cent passed 
through the column. 
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The Beet results have been obtained so far with a 
column buffered with phthalate buffer pH 5-2 (0-01 
M), eluting with the same buffer of increasing molar- 
ity. Fig. 1 shows the fractionation obtained. Peak A 
contains the cellulase not adsorbed. The fractions 
were combined as denoted in Fig. 1. Recovery of 
total activity applied to the column: for peak 4, 
6 per cent; B, 3-2 per cent; O, 10-1 per oent; D, 
17-3 per cent; E, 17-7 per cant; F, 11-2 per vent ; 
other fractions, 11-2 per oent. Total recovery 77 per 


TOF EE bastions AP lund dF die Geiginal 
enzyme, dilutions were made containing the same 
activity towards sodium carboxy-methyloellulose 
(10 cellulose units/ml.) and of these the hydrolytic 
activity was measured towards the substrates: 
o-nitropheny!-8-p-glucoside (niphegluc), callohexaose, 
soluble cellodextrins, phosphoric acid ‘swollen ocellu- 
lose and a-celluloee. Protein concentrations were 
determined by the mioro-Kjeldahl method. Table 1 
shows the relative activities per mgm. nitrogen of the 
fractions when the activity of the origmal enzyme 
towards the substrate is given the value 100. 

These results show that the fractions obtamed by 
ion-exchange EER sine differ in the ratios of 
their activities a series of substrates of 
varying degree of polymerization. fraction 
B is of great interest, as it does not hydrolyse niphe- 
gluo (nor cellobiose) nor a-cellulose, whereas ita act- 
ivity towards substrates of medium size (cellohexacee, 
cellodextrins) is as high as that of the original 
eoxyme. Fraction O shows an increase in activity 
towards medium size substrates relative to the original 
enzyme. Most of the activity towards o-nitrophenyl- 
6-p-glacoside (and cellobiose) is present in fraction F. 

our opinion these results strongly indicate the 
multiple nature of cellulase of M. verrucaria. Better 
resolution of the enzymes should be oe by 
refining the chromatography techni 

More details of this work, and er progress, 
will be published shortly. 

We are indebted to Dr. P. Kooiman of the Labora- 
tory of Technical Botany, Delft, who kindly provided 


the samples of cellohexacee and soluble cellodextrins. 


P. Y. F. Prows-vaw pan Meos 
Q. J. Somvnnrea 


Central Laboratory T.N.O., 
Delft. G 
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PHYSIOLOGY 
Effects of Ataractic Drugs on the Blood- 
Pressure and Heart-Rate of Dogs 
THE sesessm st of the effects of 


modified by, the effect of the anesthetic or neuro- 
muscular blocking agent, it has been difficult to 
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agaes whether the 


conscious dogs, and which has been shown. to 
results which do not entirely agree with those obtainod 
in anesthetized animals 

Eee es soe epee 
were surgically ith exteriorized carotid 
arteries and to lio G quietly on a table while 


recorder (Cambridge Instrument Co., ied), 
drugs were administered s8 a 1 per cent solution 
7 intravenous injection through a previously inserted 
D needle at a dove-rate of 1 mgm. per kgm. 
body-weight. Recordings were taken befare, 
and after Injection and every 5 min. thereafter un 
the maximum effect was obgerved (usually about 
20 min. from the time of injection). Control experi- 
ments in which only saline was injected were also 
performed. 


Seven phenothiazine derivatives were admmmisterod, 
in turn, to each dog: 


(1), 2-abloco-1 1) phenothiazine hydrochloride 
(chlorpromazine hydrochlonde} 
(2), 10(3-dtmethbylamino-2-methyipropyl) pbhenothtaxine tartrate (tri- 


{+ 3 Imethyl) phenothiazine (pecaxine) 
(5), 1 


Phenothiaxine hydrochloride (prom- 
(6), BE a ari renr Ja- methyipropy)) - 2 - metboxyphencthiexins 
Mel droohloeids (oihy hepa eanna mm Ths Untied Reto, 6184 BPD, 
The results showed that all these drugs caused 
significant initial tachycardia (drugs 8, 5 and 7, 
P< 0-001; drugs 1 and 2, P<0-01 and drugs 
4 and 6, P < 0-03), but after 20 min. the changes in 
heart-rate were no longer significant. All the 
appeared to produce an immediate effect on blood 
Pressure, but on analysis ib was shown that only 
drugs 1 and 7 ceused signifloant hypotension 
(P < 0-01), while drug 8 brought about a significant 
rise in blood-pressure (P < 0:01). After 20 min. 
drags 1 and 7 were marked hypoten- 
sion (P < 0-001), while drug 5 was causing a moderate 
decrease in blood-preasure (P < 0-02). 
to agree with those 


experiments 
the effect of pentobarbitone anesthesia on tho re- 


Furthermore, the 
was obtained within 20 min. m the conscious dog, 
but under anssthesia the maximum effect waa not 
a until at least 30 min. after the injection of 

drug. Anssthesia also greatly reduced the 
immediate increase in heart-rate produced by 
ohl 3 
This investigation was carried out with the financial 
aasistance of May and Baker, Ltd. The statistical 
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were carried out by Dr. R. O. Campbell and 
. T. Abrams. 
L. W. Hatt 
D. E. Sravaxson 
School of Veterinary Medicine, 
University of Cambridge. 
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Influence of the tonic Sep of the Medium 
on the Anaphylactic Sensitization of Isolated 
Tissues in vitro 

Tus technique of in vitro sensitization of living 
tissues has permitted us to study various factors affect- 
ing the proceas of anaphylactic sensitization. The 
mfinense of the time of moubatian, concentration of 
antibody, temperature, pH and composition of the 
medium has been already 1-4. In rae 
communication we present the resulta concerning the 
dependence of the sensitization an the ionio strength 
of the incubating antibody solution. 

The experiments were performed with the guinea 
pig ileum, sensitized tn vitro by incubation 
with rabbit, anti-egg albumin 
to the technique previously deeoribed’#. The 
antibody solution was prepared not in the usual 
Tyrode solution but in a medium almost free of 
pata and made isotonic by the addition o: 


distilled water 1 litre. Ite pH, in equilibrium with air 
at 37° C., was approximately 7. Prior to sensitization 
the strips of intestine were washed with isotonic 
dextrose. During the period of incubation, the ionic 
ed 0 ONG Cae ee but never 
exceeded, 0-002y as sodium chloride), 
fect Ge ess of cee Bans eid 
intestine. When the infiuence of the ionic strength 
(u) was investigated, varying amounts of sodium 
chloride, potessimm chloride, calcium chloride, mag 
nesium sulphate or potassium bromide were added. 
The salt concentration has been determined by con- 
ductivity measurements. In same experiments, 
dextrose was replaced by fructose, lactose, saccharose 
or arabinose. 

The degree of sensitization was evaluated by the 
height of the contraction of the intestine produced 
in normal Tyrode solution after the addition of the 
specific antigen, and compared with that produced by 
a known dose of histamme. 

Pieces of guinea pig intestine from the same animal 
were sensitized with the same amount of antibody 
in normal Tyrode solution and in dextrose medium. 
The intensity of the anaphylactic of the 
intestine has been established as a function of the 
time of incubation in both media. It was found 
that the degree of sensitization was markedly in- 
creased in the medium with low electrolytic concentra- 
tion. The results are shown in Fig. 1. 


would suggest that the increased velocity of aensitiza- 
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time of the Imoubatian with the antibody 





tion is related to the low concentration of electrolytes 
in the medium. To confirm this is we have 
studied the mfluence of various electrolytes at differ- 
ent concentrations, and in order to compare their 
respective affecta, we have established, in every case, 
the time to attain the same degree of pensi- 
tization. It was found that, for a given electrolyte, 
this time increased with its concentration. Further- 
more, when different electrolytes were compared at 
the same ionic strength, their effect was found sensibly 
the same, regardless of their chemical nature. This 
result has been verified with sodium chloride, potas- 
gium chloride, calcium chloride, potassium bromide 
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and magneenm sulphate. A typical experiment ig 
shown in Fig. 2 

The faot that the velocity is dependent on the 
ionic strength of the medium that electrical 
mteractions between globulin molecules or between 
antibody and cell play some part in the of 
sensitization. Aocordingly, it may be expected that 
modification of the pH would modify the rate of 
sensitization and the dependence of this rate on ionio 
strength. Preliminary experiments have shown that 
at low values of u (of the order of 0-008) the sensitiza- 
tion process is highly dependent on the pH of the 
incubating solution. 


R. Bosagar 

M. Liacorovutos-Brrot 
B. N. HALPIRN 

P. LIACOPOULOS 


Centre de Recherches Allergiques et Immunologiques 
de l Association Claude Bernard, 
Hôpital Broussais, 
96 rue Didot, 
Paris. 
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Use of Diodone in Renal Studies 
in Sheep 


Diopona (3,5-di-iodo-4-pyridone-N-aoetio soid), 
shown by Elsom si al.1, Landis st al.*, and Smith 4 al." 
to be an effective agent for the estrmation of renal 
plasma flow and tubular function, hag been used 
extensively in physiological studies. In 1945, Smith 
e al. showed that p-ammohippuric acid was in some 
ways superior to diodone for these estimations in 
man because the urine and plasma blanks are 
small, and because diodone penetrates human red 
blood cells whereas p-aminohippuric acid does 
not. The red cells of dogs are permeable to both 
reagenta. 

Sheep, the dog and man, normally excrete 
considerable quantities of hippuric acid in the urine’. 
The poesibility that this endogenous hippuric acid 
see interfere with the estimation of p-aminohippurio 
acid is not remote when sheep are employed as 
experimental subjects. 

A study was made of the permeability of the sheep’s 
red blood cells to diodone by administering to six 
adult merino ewes, as an initial intravenous priming 
injection, 1-5 ml. 385 per cent diodone, and following 


Table 1. 
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this by a continuous mtravenous infusion of 0-7 

cent diodone at the rate of 4 ml./mm. over a period of 
2 hr. At no time during or after the mjection did the 
animals give any mdicaton of bemg adversely 
affected by the diodone. Blood and urine (catheter) 
samples, taken at 30-min. intervals, were analysed 
for diodone* and p-amimohippurio acid‘. 

Comparison of concentrations in the whole blood 
and the plasma indicated the passage of Irttle, if any, 
diodone into the erythrocytes (Table 1). This was 
substantiated by the absence of diodone in the 
separated, salme-washed cells from three sheep 
subsequent to injection. 

Analyses of the blood and urine samples collected 

the periods in which diodone was administered 
failed to detect any reaction indicative of p-amino- 
hippuric acid in any of the blood samples. A reaction 
of the same type as that given by p-aminchippuric 
acid, however, was always detectable in the urme; 
the concentration of this substance, which varied 
considerably with animals and with samples from the 
same animal, indicated excretions, which ranged 
from 0-2 mgm. to 1-1 mgm. for a 80-mim. period. 
This is of the same order as that found by Smith 
et al.“ to be excreted in similar circumstances by 
man and the dog. Thus the blanks arising from this 
substance are unlikely to interfere with the employ- 
ment of p-aminohippurio acid for the determination 
of renal clearance testa in sheep. 

It has also been established that the red ocells of 
sheep are impermeable to circulating diodone, and 
thus differ from human red cells and from those of the 


dog. 
B. J. Porrm 


Division of Biochemistry and General Nutrition, 
Commonwealth Scientific and Industrial 
: Research Organization, 
University of Adelaide. 
1 A, Bott, P. A., and Shiels, H A J. Phystol., 
meii, bis Goo ee 
* Landis, H. IE, K. A, Bott, P. A., and Shiels, H. H., J. Clin. 
Invest., 18, 307 (1086). 
"sony. °° Goldring, W., and Chasis, H., J. Chia. Ineses., 17, 263 
‘Smith, H. W., Finkelstein, N., Altminoss, T Crawford, B., and 
Graber, W., J. Chn. Invest., $4, 888 (1945). 
‘Lewin, K., 2. Klin, Mod., 48, 371 (1901). 
' Alpert, L. K., Bull. Johns Hopkins Hosp., 68, 522 (1041), 


Lack of Hmwmatopoietic Potency of 
Liver of Mice fed on a Meat Diet 


Racanriy, Adler! reported that mice fed on a dist 
composed of meat only develop an anæmis which is 
generally fetal but is cured by beef liver. Dan, 
Kende and Guggenheim" have found that treatment 
of mice while subsisting on the meat diet with para- 


or Samar. 
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aminobenzoic acid, folio acid, vitamin B,,, liver 
extract, pyridoxine, iron, vitamin A, antibiotics (per 
os) or a combination of some of these substances 
neither prevents the ansmis nor the mortality nor 
does it improve growth. Some of these substances 
have, however, & slight effect in preventing anmmia. 
It could furthermore be shown that livers of mice 
suffering from ‘meat ansmis’ contained much more 
vitamin B,, than those of non-ansmic controls. It 
has been assumed that an essential hamatopoistic 
factor, which is not vitamin Bı, folic acid or any 
other known hematopoistic factor, is absent from 
beef muscle; another possibility is the presence in 
beef muscle of an mhibitor of hematopoiesis. 
We wish to report some further 
conducted with the of studying the effect of 
an addition of liver to the diet. 42 mioe rendered 
anemic by feeding the meat diet for 6 weeks were 
divided into 4 groups. One group served as control 
and continued on the meat diet. The diet of the 
three other groups consisted of three parts beef 
muscle and one part liver. The source of the liver 
of one of these was beef, that of the second, 
normal mice, and of the third, anwmic mice. 
oe a a Table 1 
presents figures for mortality, change in ep, 
erythrocytes and hæmoglobin. It shows that 
ment of one of four parts of beef muscle by iver 
cured the anemia completely and induced a oon- 
Siderable increase in body-weight. Liver of normal 
“mice had a definite but smaller effect, and liver of 
ansmic mice resulted in no improvement. 


Tabi d Morny, WuanTt Onaxgas, Rup BLOOD OILL Couns 
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These results are consistent with the theory that a 
hematopoietic factor is present in beef liver in higher 
concentration, than in normal mioe liver and is abgent 
from liver of mice which had subsisted on beef 
muscle. The existence in liver of an anti-ansmio 
factor(s) other than vitamin B,,, folic acid and folio 
acid has repeatedly been, claimed’. 
Jupirra ILAN 
K. GUGGENHEIM 
Laboratory of Nutrition, 
Department of Biochemistry, 
Hebrew University-Hadassah 
Medical School, 
Jerusalem. 
1 Adler, S, Bull. Ree. Cowne. Isracl, 7, B, 0 (1058). 
* Dan, J., Kende, 3L, 7524 Guggnhsim, K., Blood (in the prema). 


* Wintrobe, M. AL, “Olinical Hematology”, fourth eL, 446 and 
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Effect of Anti-Diuretic Hormone and 
Calcium on the Equivalent Pore Radius 
of Kidney Slices from Necturus 


Tum pamive permecbility of Kidney slice may be 
in terma of the equivalent pore radas. 

The present work is concerned with measurement of 
this parameter for kidney slices from the amphibian, 
Neoturus maculosus, both under normal conditions, 
and ag affected by the action of anti-diuretic hormone 
and caletum. Measurements have been made by the 
method of D. A. Goldstem and A. K. Solomon 
(private communication), which depends on the 
determination of the external concentration of 
permeant solute required to prevent water movement 
into or out of the cell at the instant of immersion in 
the medium. When the imitial rate of change in 
volume of the oell is zero, the cell is in transient 


ones. Goldstein and Solomon have shown how these 
xero-time isotonic concentrations may be related to 
the equivalent pore radius. 

Slices (0-2 mm. thick, 100-200 mgm. wet weight) 
from the kidneys of Necturus were weighed snd 
immersed ms number of test solutions. Changes in 
the weight of the slice, which served as an index of 
cell volume change, were measured for 80 min. At 
8-—4-min. intervals, eech slice was taken out of the 
solution, blotted, weighed and returned to the 
solution. Since the rate of change of weight was 
ewwentially constant during the first 5-10 mim., an 
average durmg that period was determined and 
recorded as the per cent weight change per minute. 
All the bathing solutions contained sodium bicarb- 
onate, 21 mM; dipotassium hydrogen phosphate, 
0-6 mM; sodium dihydrogen phosphate, 2-4 mM; 
potassium chloride, 13 mM; aulphate, 
1-2 mM; sodium sulphate, 0:6 mM; calcium 
chloride, 1 mM and glucose 5-5 mM, making a total of 
78 mOsm./l. In addition, one of the folowing 
non-lipid-soluble nan-electrolytes was added : raffinose, 
sucrose, mannitol, erythritol, glycerol or urea. The 
final total concentration from 125 to 300 
mOsm./l. pH was kept at 7-8 + 0-1 by bubbling with 
ea 

The experiments were performed at 18-20° O. 

The zero-time rate of change of alice weight, 
(dso/d#),, is obtained by extrapolation. It is shown 
in Fig. 1 as a function of the concentration of probing 
molecule in the medium. Each point is the average of 
results obtained from 8-12 slices from 4—8 kidneys. It 
may be seen that (dw/d#), for sucrose is zero at a 
concentration of 83 mM, as is also the cage for 
raffinose and mannitol at the same concentration. 


Table 1. Omo AWD a FoR NON-LIPID-BOLUBLE NON-MLECTROLYTES IN 
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may be seen to be 83 mOwnjl. compared with 108 for giyoerol 


Since we found the volume of distribution of mannitol 
to be the same as that of inulin in these kidney alices, 
ib appears that all three solutes are confined to the 
extracellular phase during the course of our experi- 
ments. , the 88 mM concentration has 
been taken as the base line for comparison with 
experimente utilizing permeant solute. The zero 
time isotonic solution concentrations, Oiso, are given 
in Table 1. The determination of Oiso is equivalent 
to the determination of Staverman’s reflexion coeffi- 
cient, a, also shown in Table 1. ois given by the ratio 
(osmotic preasure due to permeent solute)/(oamotic 
Pressure that would arise if solute were impermeant). 

Goldstein and Solomon (private communication) 
have constructed a family of theoretical curves which 
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relate (1 — o) to the equivalent pore radius in the 
membrane and to the radius of the probing molecule. 
They applied these curves to their measurements of 
o and obtained a figure of 4-2 Å., for the equivalent 

pore radius in human red cells, in agreement with the 
oe of 8-5 A. obtained by an independent method? ; 


this 
Te ee ee T aoe ae ee 
The curves given by Goldstem and Soloman (private 


- communication) may also be applied to the data in 
‘Table 1. 


As shown in Fig. 2, an equivalent pore 
radius of 5-6 A. fits our results. Although the slices 
are composed predominantly of proximal tubule oells, 
they contain also other cell types. Thus the figure of 
5-6 A. represents an average over all the types of calls 


_ that are encountered within the alice. 


The effect of anti-diuretic hormone (‘Pitressin’, 
Parke Davis and Co.) was examined in a group of 
experiments in which 10 pressor unite of ‘Pitressin’ 


equivalent pore 

tible with 
this observation have previously been described by 
Usaing for toad skin’, and by Sawyer and Hays e al.* 
for amphibian bladder. 


Table 2. Tw Hierrion or ‘Prremssonr’ AOTION BY CALCIUM IN Necturus 
Koray SLicEs 


Initael rate of weight change in lsotonie 


5 10 
(per cent/min.) 
0-00 +004 
0 17 +004 


0 17 + 0-08 





was 
aons were checked by 


preparation. An increase of calcium from the normal 
value of 1 mM up to 10 mM had no detectable effect 
on, (dw/dt), when the cells were immersed in sucrose 

solutions. On the other hand, removal of calcium from 
the medium produced a sharp increase in weight, 
the ‘tissue becoming permeable to sucrose (molecular 
radius 4°5 A, the though remaining impermeablb to 
raffinose (molecular radius 6-0 A.). It may be 
inferred that the calcium content of membrane 


inhibit the action of anti-diuretic hormone. The 
resulta shown im Table 2 mdicate that this is indeed 
the case. When the slices are immersed in isotonic 
glycerol, 5 mM calcium reduces the effect of ‘Pitres- 
sin’ to half and 10 mM calcium suppresses it. A 
similar effect has been observed when the slices are 


completely inhibiting the ‘Pitrensin’ effect. Theae 
that the action of anti-diuretio 
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This work was su by grants from the 
Life Insurance Medical Resarch Fund and the 
National Science Foundation. 

Note added in proof. Since this communication was 
submitted, we have seen a paper by P. J. Bentley 
(J. Hndoorm., 18, 827; 1959), who observed a 
similar interaction between calcium and ‘Pitreesin’ 
on toad bladder. 

GQ. WHITTANNBURY* 
N. Sventot 
A. K. SOLOMON 
Harvard Medical School, Boston, Mass. 
re eg Hay Whitney Foundation Fellow. On leave of abeenoe 

+ On leave of absences from Mihon Universtty Medical Sobool, 
Tokyo, Japan. 
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HAEMATOLOGY 


MNSs Gene Frequencies in English 
Blood Donors 


Esrmaras of the MNSe gene frequencies in the 
English population have been based hitherto on the 
resulta of testa with anti-M, -N and -8 only’. 
Recently, a supply of the very rare anti-s wes made 
available through the kindness of Dr. J. O'Riordan 
of Dublin’, and a random series of 1,000 Sutton blood 
donors wes tested with all four antisera. The 
were also tested with anti-Mis -Vw and -Mé. AN 
were negative with the last two antisera, but one 
donor was found to be Ma/Ns, Mifa +) Vw-, 
and a study of her family showed Mi# to be travelling 
with Ns. The resulta of the major grouping teste 
are given in Table 1. 


Table 1, SAxPLES FROM 1,000 Unemiucrap BUTTON BLOOD DONORS 


TATED WITH Aws-M, -N, -8 and -£ 
Reactions with antl Number 
-A -N -8 4 
+ - + ore 57 
+ = F + 140 
+ = = + 101 
+ + + ai 39 
+ + + + R24 
ies + = + 226 
= + + = 3 
- + + + bt 
= + = + 186 
Total 1,000 


Table 2. PECTS ALTORA ae eee 
PLE 











Gene frequencies have been oaloulated by the 
likelihood 


method of maximum estimation, and are 
in Table 2. They have also been calculated 

m the same data, assuming the use of anti-M, 
-N and -8 only ; these results are included in Table 2 
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for oo along with those of Race and Sanger, 
tor of fein a al. whose tests were in fact made with 
the three sara only. The calculated gene frequencies, 
when recombined, give expected figures for the 9 
classes which fit very closely with those 
observed (x? = 8-864945 for 4 df.) 

I am indebted to Dr. J. H. Edwards of the Medical 
Research Council Population Genetics Research 
Unit, Oxford, for the statistical treatment. He has 
estimated from these reeulte that tests on 800 samples 
with all four antisera may be expected, on average, 
to yield as much information as tests on 1,000 samples 
min. the times anianrs Dire rea ore 

. E. CieaHorn 
MEL TE ee re TT 
ALE D 


‘Blood Groupa in Man”, 51 (1960); 
iit ost; at T (Oxtocd Untverstty Press). 
eal, ee b Kouran A TOK in “Tho Distribution 
"er io a" Blood ahn University Press, 


* O'Riordan, J., and Cann, J., Vos Sang. (N.B ), 4, 242 (1960). 
y 


Chemical Constitution of the Red Blood Cell 
Membrane 


Soxs authors’ claim that the red blood cell 
membrane is a oontinuous lipoid. Others’!* do 
not accept this. They asert that the membrane 
consists of a protein skeleton with lipoid molecules 
in the hollows of the protem skeleton. 

The work reported here aims at settlmg this with 
the help of the Sanger dinitrofluorobenzoio acid 
method for amino end-group determination". 

Red cells freed from native protein and ite fraction 
were used. Fractionation was as follows: to 10 ml. 
red cell suspension 20 ml. physiological salt solution 
and 10 ml. ether were added. This was shaken for 
5 min. and then centrifuged. Three phases resulted : 
the central layer (the stroma) was solid; the upper 
ether phase contained lipoid; the lower solution 
contained hemoglobin. The extraction was repeated 
five times. We combined the fraction obtained in the 
course of the extractions. The stroma and the 
watery solution from ether were dried and the ether 
solution evaporated. Thus we obtained ether-soluble 
poi Aas and heamoglobin-free stroma, ether hæmolyeste 

Hig oti eA iat fraction as contained any ether- 
salable fat- 


Since the stele solution of dinitrofiuorobenzoio 
acid causes hemolysis an native red cells, the method 
had to be modified. The reactions were performed 
with native red cells and aqueous solution, with 

ological salt of dimitroftuorobenzoio acid at 
pH 8-0 (0-15 M HCO,;CO,), at 37° C. by alight 
stirring for 60 min. Hydrolysis of the products was 
effected with 6 N hydrochloric acid at 105° C. (6 hr.). 
Analysis of purifled dinitrophenyl derivatives was 
performed with paper chroma hy, 

The chromatogram of native red cell and of ite 
three fractions is illustrated in Fig. 1. 

Each substance was identified by rts mobility and 
by the application of model compounds. 

On the surface of thenative red cell*two amino-acids, 
arginine and serine amino end-groups, are to be found. 
Serine can be derived both from stromatim-proteins 
and from oephalin ; consequently its presence is not 
conclusive. The arginine, however, is exclusively of 
protein origin, therefore the strama-proteins are not 
likely to be encircled by coherent lipoid membrane. 
This fact is confirmed by Block and Bollding*, who 





find that the arginine content of stroma-protem is very 
high. After the removal of a greater part of lipoidsa 
by ether from the stroma obtained further end-groups 
originating from amino-acid could not be observed. 
The fact that serine is to be found in the stroma, too, 
confirms its protein or cephalm origin, which in 
greater part 1s attached to protein, although it pro- 
bably occurs in the form of li in. The latter 
is oonfirmed also by the fact that colamim can be 
found in the stroma in great quantities, which can 
be isolated in the form of dinitrophenyl-colamin. In 
the lipoid fraction removed from the red oell by ether, 
serine and an unknown amino compound were 
found (Fig. lc). 

The possibility arose that the dinttrofluarobenzoic 
acid did not react on the surface of the red cell only 
but also in its interior. Our experiments have shown 
that this is not the case, because in the hamolysate of 
typical hemoglobin origm! 3 mol. valine end-group 

; in the case of the native red cell this pro- 
duet ooald net be found, 
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Béura Marxovios 
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* Ponies H, “Hemolysis and Related Phenomens” (Rew York, 
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3 Jonas, H., Piockim. Biophys. Acts, 13, 241 (1064). 
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PATHOLOGY 


High-Energy Bound Phosphate and Diabetes 
Mellitus 

Tas problem of whether oxidative phosphorylation 
is impaired in diabetes mellitus or not remains 
obscure. Cutolo and Siliprandi! and Sacks* demon- 
strated a decrease in -nergy bound phosphate 
content in alloxan-diabetio rat liver. Vester and 
Stadie’ found diminished oxidative phosphorylation 
in depancreatized cat liver mitochondria but not in 
alloxan-diabetio rat liver mitochondria. Parks et al.t 
also failed to find an abnormality in alloxan-diabstio 
rat liver mitochondria. Goranson and Erulkesr* 
found uncoupling of oxidative phosphorylation in the 
heart muscle of alloxan-diabetic rata, but Peterson 
and his collaborators* reported that the high-energy 
bound phosphate content of skeletal muscle was in 
the normal range. 

In order to see whether the formation of high-energy 
bound phosphate is disturbed in diabetio patients, we 
determined the blood high-energy b phosphate 
in 65 diabetic petienta and 68 non-diabetic cantral 
subjects. The blood high-energy bound phosphate 
state was determined, 
as 10 min. hydrolysed phosphorus by the method 

` The values obtained by the 
method showed a fair agreement with those obtained 
by the method of Wolff and Paysant*. The diabetic 
ients studied were non-ketotic. In patients treatede 
with insulin, blood specimens were obtained after the 
omission of regular insulin for 34 hr. 

The mean 10-min. phosphorus im blood level was 

3-4 + 0-09 mgm./100 ml. for the diabetic group 
and 3-5 + 0-11 mgm./100 ml. for the control group 
and 
(P > 0-10). The mean 10 min. phosphorus content 
of blood cells was 7-7 + 0-17, x 10° per red oel 
for the diabetic group and 7:8 + 0-07y x 10“ per 
red cell for the non-diabetic group. Therefore, the 
fasting blood high-energy bound phosphate content 
of diabetic patients was not different from that of 
non-diabetic control subjects. 

Our previous work showed, however, that the 
injection of adrenaline (0-5 mgm.)’ or cortisone 
(25 mgm.)* depressed the level of blood 10 min. 
phosphorus to a greater extent in diabetic patients 
than in non-diabetic subjects. The morease in blood 
10 min. phosphorus produced by the subcutaneous 
injection of insulin (5 unita) *, by the oral administra- 
tion of 25 gm. of butter!® or by the oral administration 
of 1 gm. of carbutamide"™ was significantly less in 
diabetio ‘patients than in non-diabetics. No signifi- 
cant difference between diabetic patients and -non- 
diabetic subjects was found in the changes of blood 
10 min. phosphorus-level after the oral mgestion of 
50 gm. of glucose", after the intramuscular injection 
of glucuronic acid (1,000 mgm.)! or after the oral 
administration of phenethylbiguanide (100 J 
Similar results were obtained in the study on alloxan- 
diabetic rabbit liver 7 min. phosphorus, that is, there 
was no significant difference in the liver 7 min. 
phosphorus in the rptive state between 
diabetic rabbits and normal rabbits, but the change 
after adrenaline administration (0-01 mgm./kgm.) 
was significantly greater and the change after insulin 
a- -5 unite/kgm.) was significantly leas in the diabetio 
rabbit groups than in the normal group™* 

We feel that diabetic patients have a alight disturb- 
ance in high-energy bound phosphate formation 
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which becomes manifest after the administration of 
adrenaline, cortisone, Insulin, ete. 
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Recovery of Leukæmogenic Agent from 
Non-Leukwmic Tissues of Thymectomized 


Mice 
Ir has been shown by Gross and others! that 
fittrates of leuksamic tissues are io follow- 


ing injection into new-born mice of a low-leukmmic 
strain, and that total thymectomy prevents the 
development of lymphocytic leukemia in inoculated 
mice’. On the other hand, normal thymuses grafted 
to inoculated thymectomixzed hoste as late as 6 months 
after thymectomy develop lymphocytic neoplasms’. 
It follows, therefore, that a leuksmogenio agent 
. might be recoverable from the tissues of moculated 
mice to 6 months or more after thymectomy. 
Six-months old O8H/f /Qs mice, which had received 
an miraperitoneal mjection of paasage A filtrate (a 
potent leuksmogenic filtrate) at or soon after birth 
and had been thymectomized at 3-4 weeks of age, 
were killed, and extracts were prepared from their 
spleens or brains. i ic examination of these 
organs did not reveal any leukemic cells or any other 
abnormality. Same of the spleen cella were trans- 
planted to normal adul OatifiGe mice, but these 
remained free from leukemia during & total period of 
observation of 8-9 months. The spleen and brain 
extracts were inoculated i into new- 
born. O8Hf/Ge mice, which then received no further 
treatment. As can be seen in Table 1, 60-80 per cant 
of the mice in the experimental group developed 
leukeamia ag early as 3 months after birth. No 


Table 1. THE DEYELOPMENT OF LYMPHOOCYTTIO LEUKMMIA IN MION 
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leukæmia developed in 13 control mice inoculated 
with brain and spleen extracta prepared from un- 
treated 6-month-old O8Hf/Ge mice. 

Extracts from non-leukwmioc tissues of moculated 
thymectomized hosts were passaged through succes- 
sive generations of thymectomized mice and finally 
into non-thymectomized mice. Leukvemiags are 
already appearing in the group with intact thymuses, 
suggesting that: (1) multiplication of the leuksamic 
agent has taken place each time durmg transfer 
through thymectomized hosts; (2) the thymus is 
not & necessary site for replication of the agent since 
in the last two generations of thymectomized hoste 
the material was injected after th: These 
results will be publiahed in fall detail when the 
resulta are complete. 

I wish to thank Profs. A. Haddow and P. C. Koller 
for their interest. The investigations have been 
supported by grants to the Chester Beatty Research 
Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the Medical Research Council, 
the British Empire Cancer Campaign, the Jane 
Coffin Childs Memorial Fund for Medical Research, 
the Anna Fuller Fund, and the National Cancer 
Institute of the National Institutes of Health, U.S. 
Publio Health Service. 

J. F. A. P. Miramar 
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Institute of Cancer Research, 
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Effect of a Primary Tuberculous Infection 
on the Resistance of Male and Female 
Mice to Ectromella 


A TUBHROULOUS infection or vaccination with 
eh A asp alms ke O Sarl ages o coated 
guinee pigs not only to a challenge with myco- 
Datei E cen as cosets BAOD caused by 
other ies of bacteris. This latter, non-specific 
infection with Brucella aborius!, Bacillus anthracts 
and Brucella suis’, aureus, Pasteurella 
pestia® and Salmonella onteritidis*. The present work 
was undertaken to see whether a primary tuberculous 
infection also increased the resistance of mice to virus 
infections, using in the first instance ectromelis 
(mouse pox) as the test virus. 
Male and female mice, strain VS, aged 7—9 weeks 
(weight 18-20 gm.) were each divided into two groups. 


INOCULATED WITH HITRLAOTS OF NON-LUUKAMIO TINSUBS OF THYMBCTOMIZED 


PsSSsGE AINOOULATED MICE 





ited ihymoetomiid 6months- 


ahi annor OSHT] ae mice 


Untreated ¢-month-old (8H//Gs mice 














3-6 (av. 4-1 
3-5 (av. 3 8 











Total period of cbeervation 8-12 months. 


704 





NATURE 


Table 1 


August 20, 1960 vo. 187 























` a Seventeen days after infection with 


Mwe inooulated Intraperitoneally with eotromeltsa (experiments 1 and 2, 10 LDSO; experiment 8, 30 LD50) 3 weeks after Infection with 


th ectromelia. 
Tear Rigas [onto number of mice milah: diea WIENONE: ay Pont osiromalle Grith Severe kuberonlosis and: Wars exolided. Mot 


in order to produce a chronic stable type of pulmonary 
tuberculosis‘. One group of each sex was left unin- 
.fected. Three weeks later, when the infected mice 


T e J ghowed small tuberculous lesions m the lungs, all 


groups were inoculated intraperitoneally with a 
suspension of ectromelia. In the first two experi- 
ments the virus suspension contained approximately 
10 LD50 inoculated dose and m the third experi- 


few mice which died without typical 
ectromelia or with lesions of tuberculosis sufficiently 
pe Brg for death were excluded from an 


female mice, initially higher than that of normal male 


mice, was not influenced by & 
tuberculous infection and was approxima equal 
to that of the male mice with osis. The 


lower resistance of the normal males compared with 
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RADIOBIOLOGY 


Comparison of lodine-124 and lIodine-[31 
in Inhibition of Goltrogenesis In the Rat 


Paure! has suggested that iodme-124 might prove 
more effective than iodme-131 in the treatment of 
cancer of the thyroid, largely because the greater 
energy of its B-rays should increase the amount of 
radiation administered from areas of functionmg 
tumour to adjacent foci that do not take up iodine. 
We were therefore interested to 


alos’, who showed that radiation 
damage to ee A ANa A 
their logs of ability to produce goitres in response to 

a 10-day course of iouracil when challenged 
8—4 months after a single dose of iodine-181. Marked 
imbibition of goitrogencsis resulted from an intrea- 
injection of 30 uo. of iodine-181. This 
| & mean of about 12,000 rads to the rat 


24,000 rads, due to meven uptake and 

iodine in the thyroid and logs of B-radiation from the 
gland hery. Ib was found that the dose of 
external X-irradiation to the rat’s thyroid necessary 
to imhibit the goitrogenic response to a degree 
equivalent to 80 uc. of iodine-181 was only 1,000 rads’. 
It is likely that part of the greater effectiveness of 
external X-irradiation over iodine-181 in terma of 
dosage is a reflexion of the uneven of iodine 
and consequent comparative escape trom iodine-1381 
radiation of leas-actively functioning areas of thyroid. 
We thought that the radiation dose of iodie-124 
necessary to inhibit goitrogenesis would be lees than 
that of iodine-181 use its more penetrating 
radiation might even out the dosage throughout 
the thyroid gland, folowing Phillips's! argument 
with regard to thyroid cancer. 

The iodine was on, the Medical Research 
Council arte et Hammersmith Hospital by 
bombarding antimony with a- icles of about 
pop A chemical separation of the iodine 

i of high speciflo activity (1 me./ugm.) ; 
the iodine-124 waa, however, contaminated with with other 
radioisotopes of iodine inevitably formed in the 
alpha bombardment of naturel antimony. These are 
jodine-128 (half-life 18 hr.), iodime-126 (13 days) 
and iodine-125 (60 days). The extent of the con- 
tamination was estimated by folowing a sample of 
the mixture in a re-entramt ionization chamber. This 
chamber had been calibrated with several known 
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bopa ma ta seapsanse waa hond 15 be oak with 
specifo y-ray emission if radiations below about 
100 keV. are ignored. At the time of administration 
it is estimated that the response of the chamber to 
TT E TE A ions iodine- 

: iodme-124 : iodine-126 = 1-0: 2-0: 0-17. The 
proportions oportions in terma of microcuries can be found by 

iding these figures by the appropriate specific 
y-ray emissions. There is some uncertainty about 
the specific y-ray emission of iodime-124 (refs. 4—7) ; 
the figures for the administered quantities quoted in 
the table assume a value of 6-5 r./mo. hr. ab 1 om., 
the contribution from the 30-keV. X-rays being 
ignored. The estimated quantity of iodme-124 
administered is inversely proportional to the figure 
assurned. The amount of iodine-125 present was not 
directly determined, but experience with previous 
samples indicates that it was present to the extent 
of only a few microcuries per 100 microcuries of 
iodine- 124. 

Table 1 








Thyroid welghts of rais after 16 


thionracii tn the’drinking water, started Ca daya afer maay det 
injection of yariogs doses of lodine-194 or indine-181. spatial + 


sei enpo. of: 
the weld o ie api ggg ogo mgm. for 
E Pega iho t aben Gh TAMUA 


103 male pen-inbred rats of the hooded Lister 
strain were divided into 9 groups, 11 or 12 per group. 
At the age of 8-0 months the rate in 7 groups were 
injected i with carrier-free iodine-131 
or iodine-124 in 1 ml. water in the dose-range shown 
in Table 1. 104 days later the treated animals and 
l non-radiated group were put on methylthiouracil 
in the drinking water, 1 gm. per 1l., and killod after 
sixteen days of this goitrogenic regime together with 
the remaining group of non-irradiated, non-thiourasil- 
treated controls. There were two deaths among the 
105 rate ing the . The average thyroid 
weight of the controls was 28-6 mgm., and that of 
the thiocuracil but non-radioactive iodine-treated waa 
48-9 mgm. Thus the goitrogenio regime had doubled 
the thyroid weight. It is seen in Table 1 that 29-5 po. 
heal 181 significantly inhibited the goitrogenic 

the thyroid weight being 34-8 mgm. 
However, 10-1 uo. Modine 181 showed little effect, 
the thyroid weight being 44°7 mgm. The dose of 
iodine-124 equivalent to 20-5 po. iodine-181 in 
inhibition of goitrogenesis was 53 o. thyroid weight 
85-0 mgm. Tha degrees of inhibition of goitrogenesis 
produced by the various doses of radioactive iodine 
may be expressed as percentages, as shown in Table 1 
where the control thyroid weight is regarded as 25-0 
mgm., and the goitrogen treated as 50 mgm. 20-5 pe. 
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iodine-181 and 58 po. iodine-124 each showed & 60 
per cent inhibition. 

To i this equivalence m terms of radiation 
dose is not easy. The dimensions of the rat thyroid 
are comparable with the ranges of §-particles, and 
calculations of radiation dope are therefore very 

on, the precise geometry of the and 
the exact of the particles. If the biological 
half-life of iodme in the gland is taken as 100 hr., 
and the gland is assumed to consist of two cylinders 
5 mm. long and 2 mm. in diameter, an approximate 
calculation shows that about 2-5 po. of iodme-124 


-will give the same average radiation dose to the 


gland as 1 po. of iodine-131. Our 
result of 1-8-1 suggeste that rather less than this 
amount of iodine-124 is required in order to produce 
equivalent damage. The comparison is approx- 
imate, ly because of the uncertainty in 
the value of the specific y-ray emission of iodine-124. 
It is, however, considered very fully im recent 
work by Christine M. Matthews and J. F. Fowler’. 

Our thanks are due to the cyclotron staff here for 
preparation of the iodine-124.  — 

I. Donacon 
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Behaviour of Radioactive Griseofulvin 
in Skin 


THE present clinical and succees of 
griseofulvin in the treatment of superficial fungal 
of concentration of this material in an effort to clarify: 
ite effects. Preliminary work with spectrophotometry 
suggested that griseofulvin socumulated, at least 
OS Pe ne Since this tissue is 
also the site of the primary infection, I confined my 
studies to the localization of the agent m that organ, 
ee praia ian samy ge of which 

be identified by radioassay and autoradio- 


Be nren ake aaa iene cs 
chlorine-86 of specific activity 6-7 po. per gm. In the 
first part 2 normal rata were fed by tube 100 mgm./ 
kgm. of radioactive griseofulvin on three successive 
days. The rata were killed 4 and 7 hr. respectively 
after the last doses, and radioassay and ee 
metric analyses were carried out on 
Other skin i were usod for autoradiography 
with 10- and 15-p sections exposed to Kodak A.R. 10 
and A.R. 50 autoradiographio film after eosin staining. 
Parallel control experiments were employed with one 
rat receiving no therapy and three rata to which had 
been given DL-cystine-sulphur-35 (specific activity 


a 
. 


dar 


E% 
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hd 
31 pe./m.mole) in respective doses of 100, 10 and 
l po. per 100 gm. weight on three succeasive daya 
‘before 
In the second experment a 10 per cent preparation 
of the radioactive griseofulvin was applied to an area 
. of the akin surface of 2 normal patients and to the tinea 
Jemonsa of 8 infected human patients. Geiger counting 
“wes done after application and 8 hr. later immediately 
_ prior to skin biopsy following cleansing of the eree with 
spirit. Biopsies were examined by autoradiography. 
In the first experiment with normal rate autoradio- 
graphs showed that m the griseofulvin-treated 
animals sites of radioactivity were limited almost 
entirely to the hair follicles ; some accumulation was 
Seen. in the stratum corneum adjacent to the follicular 
openings. Of the hair follicles, only those in the anagen 
phase of the growth-cycle contained radioactive grains, 
and of these, only 1 in 10. Grains accumulated in the 
suprabulbar region initially, and with the growth of 


+ hair keratin, were gradually carried toward the surface, 


‘which they reached in three days. Three separate 
bands could be seen, interrupted by zones without 
ep Pld TARE Gh hee EAN a tayo pease 

oactive material given. No grains were 


se ose a E The greater supre- 


bulbar acournulation of radioactivity wag, seen in the 
rat killed 7 hr. after the last doso of griseofulvin. 

In the rats to which pDi-cystme-sulphur-35 had 
‘been given almost all the hair follicles except those 
in the telogen phase were found to contain radio- 

ity. Grain concentration was dense, in contrast 
to that seen in the griseofulvin-treated rats. Radio- 
active material had accumulated in the suprabulbar 
portion of the follicle, the kere zone, and 
throughout the length of the hair shaft, suggesting 
that the radioactive cystine had been fully incor- 
porated into the keratin. The stratum corneum also 
contained a diffuse and moderate concentration of 
radioactivity. 

Assays based on content of radicactive chloride 
and radioactive griseofulvin (Table 1) agree closely, 
indicating that the griseofulvin—chlorme-36 molecule 
remained relatively intact during ita 8-day sojourn in 
the skin examined here. One of the sets of figures 
obtained from spectrophotometric analysis ocorro- 
` borates this. Both results also suggest an increase in 
concentration of griseofulvin in the skin 4-8 hr. 
after dosage. Comparison of these figures with those 
obtained by calculation of the theoretical akin content 


Table 1 























* Assuming all eblorine-36 remains tn griseofulvin. 
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grains 
and the adjacent hair. (x 250) 


if distribution were equal throughout all tissue 
suggests that the concentration of griseofulvin actually 
in akin is approximately 10 times that expected. 
Autoradiographs obtained in the second experiment 
demonstrated e denser collection of radioactivity in 
infected stratum corneum as well as in involved hair 
follicles. Normal skin showed a pattern of accumulie 
tion similar to that seen m uninfected rat skin, and 
similarly scant. In skin from lesions, however, 
grains were detected in almost all infected har 
follicles, im the suprabulbar and keratogenous zoneg. 


corneum, granul 

In a few cases in which parallel periodic acid-Sohiff 
stains were used, the collections coincided with the 
areas of direct fungal infeotion. As may be seen 
(Table 2) direct countes over the lesions showed e higher 
concentration of radioactivity in these areas than in 
normal akin (10-20 per cent as contrasted with 2 
per cent). 

i Table 2 








Test aros No. of Radioactivity ` 
of skm oases (axpreseed as per oent of inital valus) 
Normal 2° L 
Infected 8 0-18 (average 12) 





The gimileritty m the distribution of griseofulvin- 
chlorine-36 and D hur-85 m the hair 
follicles of the rat suggests that the former is taken up 
during the production of keratin. That it-is not 
intimately involved m the menufacture of keratin is 
indicated by the limitation of ite distribution, to the 
actively growing phase, ita interrupted, band-lke 
localization in the hair keratin, and finally, by its 
failure to appear in quanirty im the soft keratin of 
the stratum corneum. In all these pointe it differs 
from radioactive ine. Studies with radioective 
glucose and anions’ have shown that these are localized 
in the hair bulb in contrast to those materials directly 
concerned with keratin. Based on this 
our findings would mdicate that the griseofulvin— 
chlorme-368 molecule remained relatively intact, 
since our distribution of radioactivity resembled that 
observed for cations and ammo-acids involved in 
keratin production. This conclusion is supported 
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by the resulta m the spectrophotometric and radio- 


assays, which also indicate’s preferential localization — 


of griseofulvin in keratin sites. a 
Since the radioactive material did not persist m 
one site but was carried distally with the keratin, 
. there does not appear to be any intracellular fixation, 
bub rether an incorporation, in`the interstices of the 
keratin ‘lattice’ described by Rudall. This evidence 
supports the fmdmgs of Gentles* in which he demon- 
strated a large water-extractable moiety in skm 
containing griseofulvm. My failure to demonstrate 
radioactivity in any quiescent areas of skin suggests 
the posmble inebility of griseofulvin to affect fungus 
situated in necrotic tissue. In work on human akin, 
griseofulvm was found to consentrate preferentially 
m infected areas and particularly around sites of 
fungal accumulation. This might indicate that the 
aasociated partial degeneration of infected keratin 
favoura the entrance of griseofulvin into the kerstin 
interstices where mta fixation permits a fungistatic 
action. 
I wish to thank the Glaxo Laboratories, Ltd, 
Greenford, Middx., which supplied the radioactive 
griseofulvin and carried out the assay of that material. 


2 A. Soorr 
St. Bartholomew's Hospital, 
London, E.0.1. 
1 Bern, H. A., o al., Aada Anat., 61, 35 (1057). 
' Budal, K. AL, “Adv. tn Prot, Ghem.”, 7, 253 (1082). 
* Gentes, T: O., Barnes, A., J., and Fantes. 4K. H ,"Nature,¥183, 256 


BIOLOGY 


Development of Mouse E 
the Kidney Capsule 


Durie experiments to produce extra-uterme- 
pregnancies in mice, eggs were transplanted beneath 
the kidney capsule. Only one egg was transplanted 
under any one kidney capsule in each experiment. 
The eggs used were l-, 2- and 4-cell stages, morule 


beneath 











and bl 
The were made within a pure line, and 
within a ion, Males and 
pregnant and non-pregnant females were used as 
hosta., Results are shown in Table 1. 
: Table 1 
No. of No. of 
remults j 
8 0 
6 0 
8 0 
7 0 
-4 16 








Embryos s = No. of expermments showing embryonfo shied 
derivatives, 


miena and ioi eter dur aie showmg embryone 

All 86 pre-uterme eggs extracted from the oviduct 
failed to to produce embryonio-shield derivatives. 
Fawcett}, in a similer experiment, transplanted 
4—-8-oall stage eggs only, and also stated that ‘‘differ- 
entiation of recognizable tiasues or organs of the 
embryo proper did ‘not occur”. In contrast to this 
result, 16 of the 50 eggs (blastocysts) obtained from 
the uterus and transferred beneath the kidney capsule 
gave rise to embryonic shield derivatives. In 4 
number of cases perfectly normal embryos developed 
(Figs. 1 and 2). 
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hag! fl rig 
Antopsy four days after transplantation 
blastocyst 


of one 





Tig. 2. Section of embryo at head-fold stage with all the ernbryonis 
membranes, Antopay niae days fler aorpianianon oi ois 


Nicholas’, using the rat as expermental animal, 
lanted eggs of various stages to the same site 


“ and found that only disorganized embryonic tissues 


developed, and that there was no mvasion of the 
host kidney. In my experiments the embryonic 
tissues were always surrounded by a matrix of highly 
invasive trophoblastic gient cells, which ceused 
considerable destruction of the kidney. Lacune of 
extravasated maternal blood he in the interstices of 
this matrix of giant cells. 

With the progreas of invasion of the kidney, the 
embryonic tiseue sinks deeper below the original level 
of the cortical surface. Compared with mtra-uterine 


- 708 


gestation, embryos beneath the kidney-capsule are 

usually retarded in development. Genotype or sex 

of the host had no effect on the growth of embryonic 

tissues, except that im transplanta to pregnant 

females the mass of embryonic tissue tended to be 
, bub not more differentiated. 


wish to acknow. with thanks the help given 
to me by Dr. M. Fi . This work was carried 
out the tenure of a Research Studentship of 


the Department of Scientific and Industrial Research. 


D. R. 8. KeBY 
Embryological Laboratory, 
of Zoology and 
tive Anatomy, 
Oxford. 
1 Fawoott, D. W., Asat. Rs., 108, 71 (1980). 


az eee J. 8. J. Bay. Kool., 90, 41 (1948). 


Cyclical Changes in the Distribution of 
Greet Lipids In the Common Frog, 
na temporaria 
“teak the oytoplaam of the interstitial cells contains 
1900 wish, Terai ropornea thew ia te secon 


lipids have been. reported i 
Agnatha to the Mammalia’. 
amount of work has been carried out on the semini- 
ferous tubules, the majority of workers have used 
traditional wax-embedding techniques which result 
in the dissolution of lipids. Thus many aspects 
of the testis oyole notice until tively 
recent times’. It is now known that at the conclusion 
of spermatogenesis in wild birds, the seminiferous 
tubules undergo a metamorphosis involving the 
sudden genesis of large quantities of cholesterol- 
positive lipids. At about the same time a new 
generation of Leydig ocells arises m the exhausted 
interstitium‘. This tubule lipid appears to contain 
P . Such a complete post-nuptial tubule 
metamorphosis does not oocur in seasonal mammals*, 
but it is a regular part of the cycle of certain teleost 
fishes’ and has been reported in at least one reptile*. 
It is not known whether Amphibia display comper- 
able eventa in the seminiferous and endocrine elements 
of the testis. Few, however, have been studied to 
this end. 

In order to investigate this phenomenon adult 
male grass frogs (Rana temporaria) were collected 
during every month for one year and the testicular 
material subjected to a series of histological and 


. tenvporarta 
February and early March, and specimens killed 


during this od can be classified into two main 
groups on the sudanophil condition of the 
interstitium and the enetic condition of 
the tubules: (1) Those specimens in which sperm 


Wie ee ee ae 
with bunched and free totoe, scarcely any 
intra-tubular lipid material and no cholesterol. The 
interstitium, on the other hand, contains Leydig 
cells the cytoplasm of which displays numerous 
lipoidal droplete that give a positive cholesterol 
reaction when subjected to the Schultz test**. Numer- 
ous fuchsincphil granules sre also present in these 
cells. (2) Specimens that have discharged. their 
spermatozoa and the tubules of which now possess 
only spermatogonia and Sertoli cells contam some 
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Maro. pes +” 
black ooiouring at 86. "Xe 260) 
intra-tubular lipids in the form of a few small Schultx- 
negative droplets which appear to be in the Sertoli 
cytoplasm. The interstitial cells are now densely 
lipoidal and strongly cholesterol-positive (Fig. 1). 
Fuchsinophil granules have aleo increased in number. 
In addition to these two main categories, some 
autopsied specimens show an intermediate stage in 
which only some of the teatis tubules have discharged 
pan fae ts nee tas retain theirs. In 


80 that by late March and early 
of specimens have peed into 
prae an eeni pa pree T hese 
id condition and with nuclei measuring lOu x Bu. 
then until June p occurs, 
during which multiplication of ia takes 
place, but thee do not develop further than into 
spermatocytes, which thereupon soon degen- 
Major changes in the lipid distribution 
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Fig, 2. Frog ın December. Bunched spermatozoa in tubules. 
Eal Layang oella Pavo only a few anal pla dropia tn 
their cytoplasm. (Technique and magnification as m Fg. 1) 


on the other hand, there is a rapid build-up of 
mtra-tubular pid. By late June they have increased 
in size and contain densely lipoidal cytoplasm which 
now gives a strong cholesterol reaction to histo- 
chemical tests. When this Sertoli stee i 
has reached its maximum level, Leydig cells have 
lost nearly all lipoidal inclusions (Fig. 2) and became 
indistinguishable from ordinary connective tissue 
calls, a condition previously noted by Aron™. A 
few interstitial oell mitoses are seen during this 
period. 

Throughout July and August the tubule lipids 
disappear and spermatogenesis restarts. This proceeds 
rapidly and frogs killed in September have gonads 
m which the seminiferous tubules are once again filled 
with bunched toroa and contain only small 
traces of the once profuse intra-tubular lipid material. 
In the interstitium, Leydig cells are once again 
starting to develop. This is the so-called static 
phase during which hibernation occurs. Tubules 
are at ther maximum development and will remain 
unchanged throughout the wmter until sperm dis- 
charge in the following breeding season. Although 
sometimes ee T of complete testicular 

ment does continue. 
This is revealed by the accumulation of 
fuchsinophil granules in the Leydig ocells, which 
become more and more numerous during the months 
of hibernation. The nuoləus also moreages in size 
until i+ once again measures Ou x 6u. A few small 
lipid droplets a in December (Fig. 8) and by 
January the majority of cells contain numer- 
ous amall lipid droplets in their cytoplasm. Chole- 
sterol is also present from December onwards. In 
February there is a rapid build-up of interstitial 
lipid and the animal is once again ready to breed. 

These observations reveal that the seminiferous 
tubules of R. temporaria undergo a sequence of 
cyclical events comparable with those occurring in 
other sub-mammalian vertebrates. This involves a 
post-nuptial accumulation of cholesterol-positive lipid 
within the tubules, and ite di oe when 
spermatogenesis restarts. This may be of endocrine 
signifloance since analysis of aimilar material in birds 
has shown it to contain progestogens’. The presence 
of tubule lipid comcides with the 


similar to that of birds in that it Involves a seasonal 
accumulation and di of cholesterol-positive 
lipids. But whereas in birds and fishes the Leydig cells 
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gradually discharge the sudanophil contents before 
mating, the interstitium of the frog contains ite 
maximum lipid content immediately after mating 
and then becomes slowly exhausted. A similar cycle 
occurs in seasonal mammals’. These events led 
Champy"™ to suggest that the interstitium of Rana 
was not involved in the development of the secondary 
sexual characters. However, the sudden merease 
in lipid and cholesterol in. the Laydig ocells after sperm 
“shedding does not necessarily imply that the chole- 
sterol is being utilized. On the contrary, it seems not 
impossible that this phenomenon may indicate that 
sex hormone secretion, having ceased after copulation, 
cholesterol is no longer being used in ita manufacture, 


found that Orkney voles P Miorotus oroadensis}) 
seasonally expend their Leydig lipids in apparently 
the same manner as birds, but that when solitary 
malo voles were placed m complete darkness the 


paced 
in the interatitiam. 

"The possible endocrine significance of these events 
is being investigated by means of Te oe 
and bio-assay techniques and will 
elsewhere. 

B. Lorrs 


of Zoology and Comparative Anatomy, 
St. Bartholomew's Hospital Medical College, 
University of London, E.0.1. 
C. Bosw 
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Behaviour of a Thread-like Apparatus in the 
Petiole of Mimosa pudica 


ALTHOUGH I have published several communios- 
tions!-* concerning the cytology of the thread-like 
apparatus in Mimosa pudica, these observations were 
carried out with vital ming and/or with fixation. 
For a full understanding of the subject, it is necessary 
to observe the non-treated material in the living 
state. In this communication, the behaviour of the 
thread-like apparatus with a phase-contrast mucro- 
scope is reported. 

The sections of the fresh material were prepared 
in the following manner. Petiole sections were cut 30— 
50u in thickness by a hand microtome and by raror, 
and then sections were immersed in medium solution. 
All sections were freshly prepared at the beginning 
of each observation. Observations were made with 
phase-contrast microscopy in: conjunction with 
dark-medium contrast 100 x objective with a 
‘Periplan’ 10 x ocular. Photomicrographs were 


e lipids were no longer used but _ 





Wigs. 1-7. Photomiarogra) 
1, arrow inde tes 
eae n Miolnity of 5 
and thread-like apparatus. 1-7 aro 
tap B, caffeine reaction in the same eell of Z 
bright flekd microscope (x about 800). ak, ohloropiast; tannin 


of the thread- 
pe 


Phase microscopes. 
arrow indicates 
thon of a part of 
tannin vacuole 
water, 


taken with a 35-mm. camera attachment (Figs. 1—7). 
The material in the present work consisted chiefly 
of those planta which had already received a stimulus. 
All experiments were carried out at room tempera- 
ture (25-30° O.) in the summer of 1959. 

In the case of the present observations, we must 
disarimimate carefully between, the thread-like appara- 
tus and plasma streaming.- Furthermore, it is of 
fundamental importance to distinguish the thread- 
like apparatus from the other oellular elements. I 
have attempted the caffeine treatment on the intact 
cell on the boaii of past experience. The reaction of 
precipitation in the presence of caffeine occurred as 
one of the specifications of the thread-like apparatus, 
as was shown previously!. The reason for this 1B 
simply that caffeine solution was used as a medium 
after the successful observation of the behaviour of 
the thread-like apparatus. i 

The sections were mounted in tap water, without 
any subsequent treatment, a method deemed most 
harmleas to the protoplasm. In one of the lacunal 
parenchymatous cells, several minutes after preparas- 
tion, a movement of the eee os site pogon 
to a . 1 and 3). e thread- appara 
pa a o dae A part of the threed is shown 
as œ roeary-like figure or small mass mdicated by 
arrow in Fig. 1, and other parts of the thread are 
developed to such an extent as to form a long slender 
structure. Each portion of the thread moves oon- 
tinuously. On careful examination the threads, 
though not clear in these photographs, are sean to be 
acoompanied by tiny granules. These tiny granules 
are difficult to photograph in living oelle, due to their 
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small mre and rapid motion along the thread-like 
apparatus. But as shown in Big. 3, succesaful photo- 
graphs exhibit a small number of theee granules near 
the thread. The small arrow indicates a tiny granule. 

For the purpose of gaining a more complete know- 
ledge of the behaviour of the thread-like apparatus, 
I made detailed observations on the threads and other 
cellular elemente. The material was soaked m tap- 
water aa mentioned in the foregomg experiment. 
As shown in the series of photomicrographs (Figs. 
3, 4 and 5), the vermiculation of a part of the thread- 
like apparatus is observable. This vermuoulation 
occurred continuously. 

Next, I sought a connexion between the thread-like 
apparatus and tannin vacuole. The series of photo- 
micrographs show that the thread extends from the 
tannin vacuole as a horn or a tail (Figs. 6, 7 and 8). 
In this oase, the terminal of the thread was associated. 
with the chloroplasta which were accompanied by 
tiny granules. Furthermore, caffeine treatment with 
bright field microscopy was also undertaken (Fig. 8). 
Accordingly, from the above observation, it seems 
that the thread-like apparatus 1s a modified vacuome 
system of the tannin vacuole. 

Recently, Sorokm* observed the long filamentous 
structure m li epidermal cells of the Cichorieae. 
Theses filaments branch out, and even snastomose, 
forming loops and networks under anaerobic oon- 
ditions. They are regarded as modified plastids. The 
investigation and the critical comparison of the 
cellular elements and thread-like apparatus if 
Mimosa must be the subject of future work. The 
detas will be reported in the near future. 

Hmo TORIYAMA 
Bıological Section, 
Tokyo Woman’s Christian College, 
Tokyo. | 
Feb. 27. 


1 Toriyama, H., Cytologia, 90, 237 (1955). 

* Toriyama, H., Oyxtolopia, 88, 60 (1057). 

* Toriyama, H , Bot, Mag. (Tokyo), 71, 300 (1088). 
+ Toriyama, H., Nature, 184, 787 (1050). 

* Toriyama, H., Cytologia (in the press). 

* Sorokin, H. P., Fep. Cel Rss., 9, 510 (1955). 


Differentiation in Peronospora tabacina Adam. 


Somn reeults that we have obtamed indicate tha 
at least three of P tabacina 
occur ın Australia and that the differences between 
them may prove of importance in breeding for 
resistance to the pathogen. 

Zink! reported the occurrence of two races of 
P. effusa (Grev. ex Dem.) Cos. on spinach, and 
Grabe and Dunleavy’ described eight races of P. 
manshurica (Naum.) Syd. ex Gaum. on soybeans. 
Differences between the host-ranges of P. tabacina 
of tobacco m Australia and the United States wero 
reported by Hill’, who later suggested the possibility 
of different strains of the pathogen. Within Australia 
the relative isolation geographically of the major 
tobacco- ing areas could provide conditions for 
the development of distmot strains of P. tabactina. 

On two occasions comparable seedling populations 
ef tobacco breeding lines with some resistance to 
attack by P. tabacina were spray-inoculated with 
standardized spore suspensions of multisporeisdlates 
of P. tabactna from North Queansland and Canberra 
under similar glasshouse conditions. The Canberra 
isolate was originally introduced from Victoria in 
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1954. ie showing sporulating lesions within 
the first 14 days after inoculation were classed as 
@usceptible. The numbers of resistant and susceptible 
plants in these teste are shown m Table 1. A higher 
proportion of the planta was susceptible to the Can- 
berra isolates than to the North Queensland isolates, 
and this was true for all 7 lines which included 
resistance derived from 3 species. 

Groups of four-week-old glasshouse seedlings of 
13 app. of Nicotiana which had been obtained as seeds 
from 88 different localities were inoculated with the 
two isolates of P. tabacina described above and a third 
isolate from Western Australia. At 7 days after 
inoculation the amount of sporulation on seedlings 
grown from the same seed lot was similar for all three 
collections of the pathogen. In seedlings from 19 
seed localities a similar response to infection was 
maintained as the disease developed with time. In 
the remaining 14 lotes (including N. tabacum var. 
Table 1. NWUXBERS OF ToBioco MINDLIKGS RESISTANT AND 


BUSCHPT- 
IBLE TO ISOLATES OF P. tabascoa FROM NORTH QUEENSLAND (N.Q) 
àÀXD CANBERRA (0.) 


] | Source of inoculum 
Bours of romstanoe rQ. x 














i 











R 8 

i i if 72 58 

2 en a 72 55 

3 Pear le er bar 

4 » poodspeedti 

5 N. poodspeedil 9 6 
a te N. poodspesdii 100 o 

7 N. dobneyl 88 0 














Taebla 2. Dismase BETERITY IN 14 Loves oF Nicotiena spp. 














— 
Number of edling Incidence of drsease m decreasing order 
mea of severity 
| 2 W.A. 0. or rt 
5 N.Q. ar WwW 
6 C N.Q. W.A. 
1 WA N.Q. 





W.A.. Wostorn Australia ; CO., Canberra; N.Q., North Queensland. 
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Virginia Gold) the subsequent incidence of disease 
in the four teste, aa recorded after 12 and 20 days 
and summarized in Table 2, reflected differences due 
to source of inoculum (Fig. 1). 

Sporulation intensity of the three isolates on 
N. tabacum var. Virginia Gold was determined using 
the leaf disk technique of Cruickshank and Muller‘. 
In two separate tests six diak replications, taken from 
leaves of plants inoculated with each isolate, were 
incubated at 20° O. For comparative purposes the 
Canberra isolate was given a sporulation intensity 
index value of 100, the values for the 
North Queensland and Western Australian isolates 
being 44-1 and 54-9 respectively. Thus the number 
of oomdia produced by the Canberra isolate was 
approximately twice that produced under similar 
conditions by each of the other two isolates. 

These resulta indicate that isolates of P. tabacina 
differ in their pathogenicity range, host reaction and 
reproductive capacity. The first of these differences, 
although not so clearly defined at present as those 
reported for other Peronospora spp..? represents 
qualitative differences which may be of considerable 
importance in the development of blue-mould 
(P. tabacina) resistant tobacco varieties. The second 
and third differences are quantitative only but may 
be of significance in terms of epidemiology. Environ- 
mental conditions favouring spread of the disease 
occur only periodically, therefore a reduced capacity 
for reproduction could result in a much slower build- 
up of the pathogen and a significant reduction in loss 
due to the disease. 

D. C. Wark 


A. V. Hur 
M. MANDRYK 
I. A. M. OBRUIOKBHANK 
Division of Plant Industry, 
Commonwealth Scientific and Industrial 
Research Organization, 
Canberra. 


1 Zink, F. W., Plant Disease Reporter, 42, 818 (1958). 
1 Grabe, D F., and Dunleavy, J., Pkytopath., 49, 701 (1059). 
(Hl A. Y., J. Austral, Ins. Agrio. Soi., 1, 81 (1035). 
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CYTOLOGY 


Uptake of Heparin by Cells 


Ix a previous communication! we showed that the 
epithelial cells and lymphocytes of the thymus gland 
are capable of being converted into mast cells under 
conditions of tissue proliferation. Wrth. the view of 
confhming the correctness of this findmg, we added 
partially decomposed heparin in cultures of thymus, 
spleen and lymph-node tissues and found that the 
hepermoid substance was taken up considerably by 
the thymus and by the other two tissues to a lesser 
extent. The heparincid matter is then syntheazed 
into complete metachromatic substance in the cella’. 
Tissues obtamed from new-born to 1-month-old rata 
were used in those experiments. We have now 
attempted to ascertain whether there exists such a 
difference between the various tissues also in respect 
of heparin which has not been decomposed and to 
observe the behaviour of the different tissues in 
respect to their readmess to take up heparin in the 
successive phases of ontogenesis. 





heparin in the culture of thymle thwue 
rat embryo. Totudine blus. (a, x 400) 


ce 1. Cells oon 
on from 16~17-day: 
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Formation and disintegration of mart cells in 
zone of ths us obtained pregnant rat. 
Toluidine bine. (x 700) 





. 2. Oell containing heperin tn the thymus of rat weighing 
qm. Intracellnlar heparin appears in the shape of coarse 
lumps. Toluidme blue. (x o, 400) 


Tissue taken from the spleen, liver, lymph nodes, 
heart, kidney and thymus of 16-day-old mtra-utermo 
and new-born rata weighing 50 gm., 100 gm., 150 gm. 
and 200 gm. respectively, and also pregnant and 
tumorous rata were explanted to Maximow’s double 
cover-slip cultures and grown on a medium consisting 
of hen plasma coagulated with chick embryo extract. 
A mixture of horse serum, Tyrode solution and chick 
embryo extract (3:6:1) served as bathing fluid. 
The cultures were first washed 48 hr. after the 
explantation ari agam after another 24 hr. The 
fluid used for this second washing also contained 
1 mgm. heparin per 1 ml. of the fluid (heparin pulvis 
Richter 80 1.0./mgm.). The cultures were fixed in 
Camoy’s fixing fluid and stamed with toluidine blue 
48 hr. after the heparin treatment. A total of 800 
cultures was divided into two groups. 

Experimental resulta are given in Table 1. The 
number of cells containing heparin (determined by 


Wig. 4. Enlarged detail of Fig. 8. Toluidine bluse. (x 700) 


subjective estimates) ia indicated by the number of 
crosses. 

lt ‘a evident that all embryonic tissues examined 
arə capable of takmg up heparin; kidney and 
heart of new-born rate are no longer able to do go, 
and the liver loses this capacity in animals weighmg 
100 gm. Thymus, spleen and lymph nodes seem to 
be able to take up heparin throughout the series, and 
this ability is especially pronounced in the case of 
the thymus. It can be concluded that all tissues of 
an embryo, the organs of which contain & great 
amount of mucopolysaccharides, are capable of 
taking up heparin, and that—with advancing age— 
this fanction is limited to the lymphatio organs, and 
to the thymus m the first place. ; 

The form in which heparin appears varies according 
to the age of the animal from which the tissues are 
taken. Dispersion of ee ee is very high 
in the cells of young tissues, granulation becomes 
coarser and coarser with advancing age. We regard 


Table 1, Upraxs oy HIPiRIN st Divyxnurt STAGES OF THE RATS ONTOGENESIS 








Pregnant | ‘rumorous 
+? zi 
++ +? 
+++ +? 
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this phenomenon aa being more or less in harmony 
with intracellular colloid-chemiocal alterations asso- 
ciated with senescence*. 

Especial interest is attached to tissues collected 
from tumorous and pregnant animale. 


may be assumed that processes of tissue proliferation 
involve a factor in: the organiam which releases 
collular disintegration so that, in contradiction to 
current belief, the break-down of mast oells is not 
caused by mechanical factors alone. 
G. CaaBa 
Eszrmn Kara 
Institute of Histology and Embryology, 
Budapest Medical University. 
1 Osebe, G., Tard L, Aca, T., and Kim, F. L, Acta Morph. Hwag., 
9, 187 (1960 
*Osabs, G., Tard, L, and Kapa, H., Ada Morpà. Hung., 9,107 (1060). 
Living 


*Heftbrmn, L. V. J. Gerontol, 13, 1 (1088). 


Origin of 
ies) 


Cc mical Evidence of the O 
pld Bodies (so-called Golgi 
from Mitochondria 


° Smon Hirsch’s! theory of the Golgi presubstance, 


the origin of ‘Golgi dictyosomes’ from mito- - 


reported 

chondria in the spermatocytes of the alug, Anadonus 
. However, such a conclusion was arrived at 

on the basis of morphological study inasmuch as the 

‘Golgi di at the and 

anaphase stages of meiosis I and I, probably merging 


d Pumisionia under phase- 


ever, in the developing oogonia of freshwater fishes, 
namely, , Barbus, Mystus, Oirrhina and 
Labeo, the mitochondrial granules align themselves 
into filamenta, Ni. R Pasion. 
namely, 
and B 
becomes very dense. Tae ee es a 
number of bi and denser lipid granules appear as 
tiny blebs on surface, and in intimate association 
with the mitochondrial filaments; but in the latter 
they develop among the juxta-nuclear mass. How- 
ever, these inclusions acquire & separate entity in 


7 
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® 
the growing oocytes; they either grow directly into 
large apheres or attach themselves to tiny vacuoles 
in the lagm so as to produce rings and crescents. 

These ‘Golgi’ imelusions are very rich m lipid 
material as revealed by their strong coloration m 
sudan black B. Baker's’ acid-hwmatin technique 
with pyridine extraction control reveals the phospho- 
lipid nature of the lipid material. However, it changes 
later ‘into trighyoerides as shown by Cain’s nile blue 
technique. oars lipid nature of these inclusions 
is demonstrated the lipid extraction techniques, 
gad iee Farther odufirmed by ths aheanca of Garba: 
hydrates and proteins, as revealed by, periodic acid— 
Schiff reagent, and Maxia’s mercuric bromphenol 
blue testa, 

Thus it may be concluded from the above reaulta 
that the mitochondria which always have some 
phospholipid material in definite configuration with 

are constantly pinching off phospholipid 
material in the form of ‘Golgi’ granules on their 
surface. The extrusion of lipid material by the mito- 
chondria has also been found by Lever’ by electron 
mucroscopy. Therefore, it seams very probable that 
the mitochondria algo produce ‘Golgi’ material in the 
cell, besides their vital oxidative activities. 

It may also be stated that the ‘Golgi’ material 
always appears in the form of granules in the early 
stages which may later grow directly into big spheres, 
or they may come in contact with vacuoles and spread. 
around them to form rings and crescents showing the 


also indicate their mitochondrial origin. 
I wish to thank Prof. Vishwa Nath and Dr. H. 8. 
Roberta for helpful suggestions. 
H. O. Cuorna* 
Zoology Department, S 
Duke University, 
Durham, 7 
North Carolina. ' 


Hargttt 
* Hirsch, G, O , Protoplarme Monographs (Berlin, 1939). 
kiras , and Ohopra, H. O., Rss. Bull. Panj. Univ. (India), 74, 91 
Nath, V., and Gupta, B ia Aart. Mero: Bor as 309 (1056), 
So 0, 140 (1050): 
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VIROLOGY 


Activation of One Plant Virus by 
Another 


ToBa0co necrosis is & disease that can be caused by 
several serologically unrelated viruses!, all of which 
are soil-borne and cause necrotic local lesions in 
leaves of tobacco (Nicotiana tabacum L.) and French 
bean (Phassolvs vulgaris L.) planta, The virus 
Bawden and Pirie*.* called the ‘Rothamsted culture’ 


lost infectivity in vitro more rapidly than the others, 
and infective tions always contained particles 
of two different sixes, about 17 my and about 80 my 
in diameter. Crystalline preperations (identified. as 
nucleoprotems), consisting almost entirély of the 
smaller particles, had little or no infectivity, whereas 
- other partly purified preparations that contained 
many more of the particles were infective. 
From this, Bawden and Pirie concluded that probably 
only the larger particles were infective and that the 
amaller ones, which were usually the major con- 
stituent of their preparations, were an addi- 
tional product of the multiplication of the larger 
onest, i 

We have now found that the large and small 
particles in the Rothamsted tobacoo necrosis are 
serologically unrelated, and that whereas the large 
particles oan apparently multiply by themselves, 
the small ones multiply only in the presence of the 
large. Particles having different sedimentation-rates 
i virus prepare- 
and Pirie’, by 

density gradiente*. After 
E & for 2 hr. at 17,000 r.p.m. (about 25,000 
at the top of the gradient column), two and sometimes 
three light-scattering zones were formed. The top 
zone contained particles 17 my in diameter, the second, 
one particles 80 mp in diameter, and the third zone, 
when present, contained aggregates each apparently 
consisting of a group of 12 of the 17 mp particles. 
The approximate sedimentation constants, estimated 
from the depths of the zones as described elsewhere’, 
were £59, 1165, and 2169, ively, assuming the 
value for tobacco mosaic virus to be 1878. These 
three components presumably correspond to those 
reported as having sedimentation constants of 51, 
116 and 2409 (ref. 2). 

When material from each of these zones was inopu- 
lated y to French bean or tobacco planta, 
only that from the middle zone produced lesions, and 
these were more uniform in sixe than those produced 
from inocula made by extracting sap fram diseased 
lants. In one experiment, when these leaves inoou- 
ted from the middle zone were later macerated 
and the virus from them extracted and purified, the 
ratio of 80 mp to 17 my particles was 21:1. Similar 
leaves, inoculated with a mixture of equal volumes 
of top xone and middle sone material, gave a ratio of 
1:1. Leaves moculated with either top or bottom 
zone material alone failed to develop lesions, and 
extracts from such leaves showed no virus-like 
particles when examined with the electran micro- 
scope. When tested in double-diffusion precipitin 
tests in agar gel against an antiserum containing 
antibodies to both large and small particles, the 
extracts from plants inoculated with middle sone 
material gave one line, those from plants inoculated 
with mixtures of top and middle zone gave two lines, 
and those from plants moculated soparately. with top 
or bdttom zone only gave no lines. 

Table - shows the effects of using as inocula 
“particles from- the middle and top zones. Mixing 
the two decreases the size of the lesions below that 
produced by the middie zone alone. 

A smal proportion of small particles did not alter 
the total number -ofesions, but only a few were now 
Targe: Further-stiocessive increases in the proportion 
of small particles, in the mocutum did decrease the 
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Table L Dereomyrrr OF BHALL AND LARGE PAETICLS SEPARATELY 











total number of leaions, and almost all were 
small. 

These results indicate that the small particles inter- 
fere with, and when abundant may seven suppress, 
the multiplication of the large particles, and that 
they multiply detectably only when inoculated 
together with the large ones. It seems likely that a 
pure preperation of large particles would infect and 
multiply without producing any of the small particles, 
but it is impossible to establish this becanse the 
middle zone cannot be removed from the centrifuge 
tube without some contamination from top or bottom 
zones. However, our results clearly suggest that the 
number of small particles produced in the inoculated 
leaves depends upon the proportion of small particles 
in the inoculum. 

The production of non-mfective particles along 
with infective ones has been described before with 
other viruses, but in all such examples known to uf 
the non-infective particles are serologically related 
to the infective ones so that they can be regarded as 
products of the synthesis of one virus. The association 
of two sizes of particles in the Rothamsted tobacco 
necrosis culture to be-unique, for the two 
kinds of particles are serologically. unrelated and thus 
seem to be separate viruses, ane of which is apparently 
completely dependent upon the other for its multipli- 
cation. 


a H. L. Nrxron 


Microbiel., 4, 464 (1950). 
Microbiol,, 16, 006 (1067). 


Biochem. Biophoe., 45, 275 (1058). 


' Brakke, M. K. 
Gen. Microbiol. 11, 509 (1959). 


Erakin, M, K., Arok Biochem, 2 J. don. 


infective Ribonucleic Acid from the 
Viruses of Talfan and Teschen 
Diseases 


Ixracrva ribonucleic acids have been obtained 
from several animal viruses by the cold phenol 
method described by Gierer and Schramm’. In 
general, however, most of the experiments have been 
done with crude suspensions, and it has not always 
been clear whether the infective ribonucleic acid was 
derived from the virus iteelf or from a viral precursor 
or other related material. ee eee 
Sanders’ with mouse encephalomyocarditis virus 
has shown clearly that the infective ribonucleic acid 
which can be obtained from mouse carcinoma cells — 
infected with this virus has its origin in a viral 
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precursor and not in the virus itself. Im faot, 
infective ribonucleio acid cannot be extracted from 
this virus by the cold pheno] method. On the other 
hand, ib is likely that the infective material which can 
be obtained from suspensions of tissues infected with 


chemical 

the work of Wecker’ haa shown that 

equine encephalomyoclitis virus, which does not yield 

any infective ribonuoleio acid on treatment with 

‘cold phenol, can be made to do so if the extraction is 

carried out at 40-50° C. 

have now been done with the 
Talfan 


neutraliza- 
by Chaproniere, Done and 
Andrewes" suggested that the two diseases are caused 
by identical or similar viruses. The prelimimary 
results described here show that the infective material 
which can be obtained from suspensions of each virus 
By vee with cold phenol is a ribonucleic acid 

ich is being extracted either from the virus iteelf 
or from a material which sediments along with the 
virus in the ultracentrifuge. 

Tissue culture fluids were harvested from pig 
kidney cell monolayers 24-80 hr. after infection. 
After thia period of incubation, all the cells were 
off the glass and the virus titre was at a maximum. 
by dialysis 


for 1 hr. in the L 80-2 head of the ‘Spinco’ ultra- 

. The top 7 mL (supernatant fraction) of 
each tube was then removed and the pellet suspended 
in the lower 2 ml. dihtted with a 


neutral red after 96 br. incubation. Phenol extracts 
were from each fraction and 0-4 ml. aliquots 
inoculated on to pig kidney cell monolayers in 4-oz. 
bottles. Four bottles per tenfold dilution were used 
and the monolayers were examined daily for oyto- 


resulta we have obtained previously with foot-and- 
mouth disease virus’, but is in direct contrast to those 
obtained with mouse encephalomyocarditis virus". 
In the latter case, infective ribonucleic acid could be 
obtained from the supernatant fraction only, although 
ee ees ee ee: E A 


he cytopathio effects produced by the phenol 
extracts could be by incubating them with 
10 pgm. ribonuclease/ml. for 15 min. at 20° C. prior 
to inoculation on to the monolayers. As the titre 
of the parent virusea waa not affected by adding 10 
times this amount of the enzyme to each virus 
dilution, it seems probable that the infective agent 
in the phenol extracts is a ribonucleic acid. 
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e 
YmuLD OF DEFEOTIYE TROX ULTRA- 


Table 1. BIBOeUOLEIO AGM 
GE FRACTIONS OF TRACHAW AND TALTAN VIRUSES 











* 0-4 mL inocula used. 
The fluids harvested from those monolayers which 


showed cytopathic effects following infection with the 
ribonucleic acid had properties similar to those of the 
viruses. They were neutralized by antisera 
by inoculation of the viruses into rabbite. 
Thus 100 1D50 of the parent virus or the ribonucleic 
acid harvest was neutralized by an equal volume of 
1/1, 000 homologous rabbit antiserum, as measured 
in pig kidney cell suspensions by the metabolic 
inhibition test W. B., and Chapman, W. G., 
unpublished work). The poesibilrty that the neutral. 
ization was an anti-tissue effect of the sera was 
rejected, as the same sera had no effect on the titration 
end-point of foot-and-mouth disease virus (strain 
997, Waldmann QO) in the same cell system. 

We wish to Mrs. J. O. Farley for the rabbit 
antisera and Dr. W. B. Martin and Mr. W. G. Chap- 
man for us with details of the metabolio 
lapiko test prior to publication. 


Donan L. Srewarr 


Okei B pra, H. H., Moyer, A. W., and Brown, B. A., Virology, 
* Ads, G. L, and Anderson, G. B., NMetwre, 188, 790 (1050). 

! Brown, zana Siemirh D: L., Virology, 7, 408 (1959). 

"in y, M, and Btrohmaier, K., Sò. Bakt., I, Orig., 173, 163 


eee oe , 241 (1959). 
„ Done, J. T., and Kershaw, G. F., Vet. Reo., 69, 


u J. T., and 0. 
Obaproniere, D. AL, Done, Androwes, 0. H., Brit. J. Kap. 
13 Kohn, J., Nature, 188, 1055 (1059). 


Polyoma Virus Mutant with a Reduction 
in Tumour Formation 
Inrrction with polyoma virus in vivo can result in 
a cytopathio effect, hyperplasia, and the formation of 
benign or of tumours!. The use of single 
plaque isolations has indicated that these different 
types of response can be produced by the same virus’. 


plaque-type mutant of polyoma, with a amaller-sized 
plaque than the wild type, was found in the virus - 
produced by a line of mouse cells with a stable cell- 
virus association’. This line of cells was established 
by the culture of survivors after cytopathic effect in 
primary mouse embryo monolayers that had been 
infected with wild type polyoma. The cell line has 
now been releasing virus in culture for more than 
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i year, and the plaques made by the virus are still of 
the mutant type. The mutant has been designated. 
as sp ( = emall plaque). Cross-neutralization of 
piegare bat. po: far ahown no antigene See 
between sp and the wild type. ; 

ap virus harvested 8 months after the ostablish- 
ment of the cell line was tested for tumour induction 
in vivo. In contrast to a 100 per cent incidence of 
animals with tumours after moculation of wild type 
polyoma into hamsters, even with an input of 1-0- 
3-0 x 10* plaque-forming units of sp per animal, only 
subcutaneous sarcomas were found m 3 out of 31 
hamsters (Table 1). One litter of AKR mice was 
inoculated when 2 days old with sp, and during an 
observation period of 6 months, parotid tumours only 
were observed in 1 out of 5 animals, in contrast to a 
100 per cent tumour induction after inoculation of 
wild type virus. 

Arri INOCULATION 

s E a de Teo tal eas 








t | Input virus | Obeerva- 
Agea pu vial 




















Animals inoculated subcnutansously with 0 1 ml. of virus suspension. 


Those resulta show that it is possible to obtem, 
with a tumour virus, a mutant that is ‘attenuated’ 
regarding its tumour-producmg capacity, while 
retaining ite cytopathio ‘effect. The existence of 
complete attenustion for tumour-producing capacity, 
and of the reverse type of mutant, that is, tumour 

oduction without thio effect, is now being 
ooked for. It is of interest that in common with tho 
dt and MS* mutations of polyomyelitis that can be 
associated with reduced neuropathogenicity, the 
reduced tumour induction by this polyoma mutant 
is also associated with a plaque type mutation. 


Lzo Sachs 
Dan MEDINA 


Department of Experimental Biology, 
Weizmann Institute of Science, 
Rehovoth, Israel. 
1 ., Stewart, 8. B., . B, and Blackwell, R. H, 
n re A Insi., 5; Tia i880). 


s Winorur; Hand Bacha, Ts Virology, 8, 397 (1959); and unpublished 
wor 


* Medina, D , and Sachs, L., Virology, 10, 887 (1059). 
4 Vogt, M., Dalbeooo, R., and Wenner, H. A., Virology, 4, 141 (1057)+ 
* Yukwhiges, K., and Melnick, J. L, J. Bap. Med., 100, 9 (1959). 


Virus and Antibodies In the Lymph and 
Blood of Sheep infected experimentally 
with the Virus of Tick-borne Encephalitis 


Ir is known that foreign substances which penetrate 
the organism sre resorbed by the lymphatic system. 
This also applies to bacteria and viruses 

In previous experiments! it was found that when 
tick-borne encephalitis virus was administered sub- 
cutaneously to mice, it was resorbed via the regional 
lymph vessels into the blood stream, from which it 
afterwards penetrated further lymph vessels and other 
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organs. This was demonstrated by detecting the 
virus in the lymph nodes and blood. ' 

Since I was mterested in the question of the part 
played by the lymphatic and blood vascular systems 
in direct resorption of the virus from mfected tissue; 
in their time relationships and in the antibody 
response in the lymphatic system, it was necessary to 
increase the accuracy of the precedmg experiments 
by examining more adequate systems, namely, lymph 
and blood. 

The experiments were carried out in sheep with 
an artificial lymph-blood ourculation*’. Lymph was 
collected from the cannulated thoracio duct and blood 
was obtained from a contralateral vein (one of the 
branches of the right jugular vein). The virus was 
detected in mice by intracerebral infection. Neutral- 
izing antibodies were determined by an intraperitoneal 
test in mice. G 

The experiments clearly demonstrated that th 
lymphatic system is the main route by which the 
virus penetrates the blood stream from the sub- 
cutaneous tissue. No direct resorption of the virus 
from the subcutaneous tissue into the blood stream 
was found. If this occurs at all, it is evidently on such 
a small scale that it cannot be detected by the method 
used. The rate of resorption by the lymphatio 
system depends on the amount of virus. When 
administered. subcutaneously into the metatarsus of 
the hind Lmb m amounts of 0 043 ml. 20 per oent 
suspension/1 kgm. body-weight (about three to four, 
thousand million intracerebral mouse LD50), thé® 
virus was detected 60 min. later in lymph collected 
from the thoracio duct. No penetration of the virus 
into the blood stream from any part of the lymphatic 
systern other than the thoracic duct was observed. 
Following re-infection seven and twelve days after 
primary inoculation, the virus was not detected in 
the lymph or the blood, even at very early intervals 
after reinfection’. 

Neutralizing antibodies were detected in the 
lymph sooner and in higher titres than in the blood 
plaame. Antibodies were also determmed m. the 
lymph of a sheep in which the thoracic duct was 
exteriorized and its connexion with the blood stream 
was interrupted, so that the virus, which was admin- 
istered into a peripheral lymph vessel, passed through 
the regional lymph vessels only. This means that 
antibodies were determmed in the lymph after 
antigenic stimulation to which, in effect, only the 
regional lymph veesels were exposed. The first 
antibodies were always found when the virus rapidly 
decreased in the lymph and in the blood. The 
higher antabody titre m the lymph was maintained 
up to the seventh day after mfection. From then 
onwards it was higher in the blood plasma. Re-infec- 
tion on the seventh and twelfth day after primary 
inoculation resulted in è further antibody increase in 
the lymph and the blood plasma, which was greater 
in the latter‘. 

Those experimenta show that the lymphatic system 
plays an important part in resorption and transport of 
the tick-borne encephalitis virus and in the formation 
of antibodies against it. 

DovppavkaA MALKOVÁ 
Military Institute of Hygiene, 
Epidemiology and Microbiology, 
Prague. 
1 Máliková, D., and Franková, V., Acta Virologica, 3, £10 (1050). 
t Malek, P., and Kolo, J , Ossopis lébaru ceskyok, 34, 1009 (1958). 
1 Málková, D, Aqta Véirolones (in the press). 
1 Máliková, D., Ada Firologion (mn the press). 
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a ees UNIVERSITY EDUCATION IN BRITAIN `.. 


toe 


the stimulating discussion of the diffusion of 


knowledge, £0 ‘hich’ he devoted his Foundation” 


Oration at Goldsmiths’ College, University of London, 
last March, Dr. Michael Grant pleaded for recognition 
of the taak of: exposition as worthy in iteelf and 
‘demanding high ‘qualities of skill in interpretation 
‘and even scholarship ; he also urged that a university 
should study deliberately how to produce the habit 
of mind which would make its students want, both 
before and after graduation, to take an open-mmded 
‘interest in at least something worth while outside 
their own careers. The schools cen do little to help, 
but the universities could give their students the 
habit of mind which would enable them to enjoy and 
benefit from reading about subjecta other than their 
own, written in comprehensive terms. 

Much the same point of view was taken by Prof. 
J. A. B. Gray in an maugural lecture at University 
College, London, on February 28, on the place of 
physiology in university education*. He enumerated 
four main ems of formal courses: the provision of 
professional training ; teaching people to understand 
the language used by experts and to be able to assess 
She value of their opmions; training the under- 
graduste to interpret evidence and to make sound 
judgments; end to develop a sense of values. He 
placed fhem in that order of increasing diffloulty of 
achievement and increasing importance. Men with 
& sound professional training can increase material 
standards of living, but Prof. Gray believes that if 
our society is to make progress, the universities must 
provide men and women who are not overawed by 
the opinions of experts, who can aaseas the real 
worth of propaganda, preasure groups and adver- 
timg, and who have a sense of values, and his 
lecture discussed the possibility of physiology pro- 
vidmg & basis for such an education in the universities 
as they are to-day. 

Prof. Gray did not, of. course, attempt to deal 
oomprehensively with modern physiology, but limited 
himself to the discussion of certain problems connected 
with the physiology of receptors and sensory mech- 
sniams. Pointing out that the most challenging of all 
problems connected with sensory mechanisms is to be 
found*m the problem of human knowledge tteelf, 
and that our mental image of the world is determined 
by the ability of our receptors to detect the very 
nerrow band of electromagnetic waves that we call 
light, he suggested that the development of receptors 
having very high sensitivities to events in the environ- 
ment, and so amall that animals can employ large 
-numbers of them, should be regarded as one of the 
‘most significant factors ip the adaptation of life to 
its environment and in the evolution of man himself. 
The width of the contacts _ Which a physiologist 


a eins Plac of Physiology 1G Thal Mealy Haas: By Prof. 
J. A. B. Gray, Cinaugural-tlectare delivered at University College, 
London, 23 February, 1060.) Pp. 16. (London: H. K. Lewis and 
Co., Ltd., 1060.) 2s. Ody net. 


ee in this fleld should have with other branches 
‘of knowledge -illusirates the contribution which 


physiology could make to his four.aims of university 
education. 

One of the problems with which the modern world 
is faced is the great mcrease in the use of specialized 
knowledge, and at the same time a decrease in the 
breadth of what is known by any one person. Many 
people, whether they are in s profession, in govern- 
ment service, in industry, or in dcadémic life, are 
constantly needing advice from experte, and frequently 
have to judge between the opposing opinions of 


but ib is frequently on what is a professional or 
scientific matter, and Prof. Gray observes that ıt is 
a great help to know what the other person is talking 
about and what sort of questions ought to be aaked. 
Physiology, he thinks, has much to offer in this way 
because of ite central position among univermty 
subjecte, end he also believes that it could be made 
& gateway to science for those reading for an arte 
degree and who wish to take up a career in adminis- 
tration, because physiology sets out to answer certain 
of the human probleme that they are likely to have 
met in their studies of human thought. Apart from 
this, physiology, as already noted, will bring the 
student into contact with ideas derived’ from most 
branches of science. 

Prof. Gray readily admite that to heave any hope 
of sucoeas such a course of physiology would have to 
differ considerably from those ran to-day. He also 
claims that physiology can train a man to i 
evidence and make sound judgments from it and that 
accordingly it can provide a sound education for 
those who are looking for a non-specialist career in 
administration or industry. Finally, he suggests that 
physiology is able to bring the student face to face 
with questions of value and responsibility. Ite subject- 
matter is the mechanisme of life, and this in iteelf 
tends to stimulate the mtelligent student into saking 
himeelf or discussing with others questions about the 
meaning of life and about the nature of mind and 

As regards the nature of the courses to serve these 
several p Prof. Gray holds that the need of 
each of the different classes of studente should be 
considered on ite own merits and thet courses ehould, 


` bo constantly developing and changing to, meet the 
. challenge of new demends. Indeed, in his view, 


physiology itself will only flourish if it is in a position 
to draw help and inspiration both from other branches 
of knowledge and from the sppliodtions which it 
serves. It is an advantege to have specialist depert- 
ments in certain specialist institutions, but as with 
many other subjects, the roote of physiology ‘will lie 
in departments which aré not only located in multi- 
faculty instifutions but sec T Soe: 
more ‘tha one faculty. - ` 
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_ There is thus some critical thinking already going 
on inthe universities of Britain about the nature and 
re-shaping of university edycation; the plea which 
the Duke -of Edmburgh edvenoed, in opening the 
Conference of the United Nations Educational, 
“Serehtific.and Cultyral Organızstion in London on 
humanism and technology, for a proper balance 
*between science and humanism should fall on fertile 
ground.: No one, he said, tramed for a scientifle post 
could hope to make his full contribution unleas he 
has a broadly cultivated mind, and it 1s very doubtful, 
he suggested, whether a tradrtional scholar could 
really claim to make any contribution to philosophy 
in the technological age if he is utterly ignorant of 
acientific facte. Sir Julian Huxley added that, m the 
` long ron, it is perhape of most importance to educate 
people as human beings and there 1s need for a back- 
ground of approach to our thought which sees man as 
trustee for the whole of this planet and all those on rb. 
` Clearly we are here touching the fundamental 
question of tha real purpose of a university education, 
and in the debate in the House of Lords on May 11 
on university and other higher education in Britain 
‘this-was urged by several speakers as one of the most 
important questions requiring study, if not by a 
Royal Commission, then by something in the nature 
.of a Crowther Committee or the University Grants 
Committee itself. Indeed, Lord Beveridge, in urging 
that- the purpoge of a university to-day ıs to make 
youth fit and eager to render professional service to 
their fellow crtizens, not simply to sharpen wite but 
to build character, seemed to put into different words 
much that Prof. Gray said in his maugural lecture. 
It 1s undoubtedly a fundamental question, and the 
answer we give to it may well determine that to be 
given to the various questions arimng as to how and 
where university expansion should take place—the 
character as well as the size of university stitutions, 
the scale on which they are to be equipped with halls 
of residence and libraries, the balance between 
research and teaching, and the ratio of staff to 
students as well as the content of courses and the 
standards of admission. Unless clear and considered 
answers sre given to such questions, university 
expansion is unlikely to proceed at the necessary 
speed without seriously endangering standards. 

The debate in the House of Lords showed that 
these problems are recognized rather than that 
acceptable answers to them have been found. Lord 
Simon of Wythenshawe proposed specifically to refer 
. Bome of them to a special committee of inquiry or 
even to a Royal Commission to consider the needs 
of the next twenty years, and meanwhile to instruct 
the University Grants Committee to proceed with 
its present plans. Lord Beveridge similarly pleaded 
for a special, impartial study of such questions as the 
number of university studenta at which we should 
aim, the size of particular universities, the emphasis 
on, research, -the method of selecting studente, the 
relation of university education to other advanced 
education ‘for adulta in Britain, and the study of 
university methods outside Britam and the changes 
of social conditions and their effect on university 
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life. There seemed.to be some general agreement in 
the debate that expansion in the main must fall upon 
the more modern and younger universities or by the 
creation of new institutions, though it was also 
recognized that some regard must be paid to thé 
expansion of technological education ; indeed, it was 
a feature of the debate that the contribution to higher 
education made outside the unrversities waa s0 
strongly sireased. 

Lord Dalton strongly urged that university matters 
should be kept outerde the Ministry of Education ; 
Lord Adrian advocated making the Minister of 
Education responsible for all education, university 
and technological, as well as technical and primary 
and secondary, though he did not want to see the 
Ministry take over the functions of the University 
Grants Committee, and in this he had strong support 
from Lord Pakenham. Indeed, he suggested that we 
must be rather careful that in planning extensions in 
technological education as well as in other flelds of 
higher education we do not set up an organization 
which would threaten the imdependence of ithe 
universities, and he himeelf supported the idea of an 
independent mquiry quite apart from the problems 
of university expansion. 

No one was more emphatic than Lord Bridges that 
the main point calling for inquiry to-day is what we 
should expect to get from the universities in quality” 
rather than in quantity. With such an inquiry into 
what the nation and the profeasions could expect and 
look for from those who have finished a university 
education could go a parallel inquiry into the rate of 
expansion in the universities and the way that 
expansion is carried out, includmg the processes by 
which new universities are established, their location 
and the idea of a regional university. Lord Esber, 
who was highly eritical of the present university 
graduate, urged the importance of giving change and 
variety to the pattern of university life, and Lord 
James of Rusholme, too, believes that many of the 
present university courses designed to produce 
scholars in a narrow field rather than for the education 
of those with no genuine pretensions to scholarship 
may not be the most suitable we could devise. There 
is something to be said, he believes, for continumg 
work in general education, and it is right that we 
should demand not only technical skill and new 
knowledge but also those judgments of value which 
can illumine the life of the whole community. Vig- 
count Oaldecote made a similar point in suggesting 
thet our selective system is so efficient that rb is 
widening a dangerous gulf between those who go to 
a university and those who do not. He, too, emphasized 
the increasing importance of a broad education as 
science takes a larger place m our lives, if science ms 
to be our servant and not our master; and he is 
specially concerned st the effects of premature 
specialzetion and of paying excessive attention to 
the passing of examinations to the detriment of broad 
education. He believes that the most important 
question that requires examination at the moment 


_is the effect of university policy on education in 


the schools. 
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‘There was other authoritative support for a fresh 
look s+ the relation between-ednoation in the univer- 
sities and in the schools, and at the distribution ef 
effors between research’ and teaching in different 
universities, for example, from Lady Wootton of 
Abinger; but it was noticeable that neither of the 
Government spokesmen, the Earl of Dundee, early 
in the. debate, or Lord Hailsham, in concinding, 
touched on this question of the purpose of education. 
Lord Hailsham, indeed, admitted that democracy 
and parliamentary government and the preservation 
of freedom require an adequate supply of graduates 
if they are to function to-dey—this is a matter not 
merely of quantity but equally of quality. Nor did 
Lord Hailsham limit hia view of graduates to those 
coming from the universities alone. 

Lord Hailsham’s speech wag of mterest chiefly for 
what he said about the basis on which the Govern- 
ment has laid ite plans for university expansion in 
Britain. It is estimated that, apart from the nine 
colleges of advanced technology with some 0,000 
full-time students, existing universities and university 
colleges had roughly 101,000 full-time studente in 
October 1959 and will have by 1965-87 some 185,000; 
apart from any places that may then be available im 
the proposed new universities at York, Norwich or 
elsewhere. First, Lord Hailsham emphasized that, 
& least up to 1970, the diffloulties will lie in finding 
places for the talent that will be available for the 
schools, In the light of this knowledge, the univer- 
sities have discussed with the University Grants 
Committee how far and fast they can expand, and 
the possibilty of further expansion from 135,000 to 
170,000 places is now being explored. It is believed 
that this can be achieved without detriment to 
academic traditions and standards by expansion et 
the existing universities, with a contribution from 
new universities. Thirdly, the Government hes 
exemined separately the problem of meeting the 
need for scientists and technologiste, and by 1970 the 
universities should be producing rather more than 
half the 20,000 required; some 10,000 would come 
from the colleges of technology. The probable demand 
for school teachers during the next fifteen years has 
also been studied, and it has been decided to provide 
a further 25,500 places in teacher-training colleges. 

Lord Hailaham reiterated the Government's desire 
to maintam the academic independence of the 
universities themselves in spite of their increasing 
dependence on Government finance, and ite firm 
support of the University Granta Committee as the 


exclude the possibility of an independent appraisal 
of the whole situation, and more especially of ques- 
tions of curriculum in both schools and univerrities, 
though in any such inquiry he would like to seo due 
account taken of the views of the Advisory Council 
on Scientific Policy. Especially he stressed the 
desirability of satisfying ourselves that the present 
arrangements for co-ordination between the univer- 


the University Granta Gomi and the Mine 


` 


NATURE 


oe 191 
of Education capable of dealing with qpestions that 
might arise as to the allocation of. resources between 
the universities and the colleges of technology. Lord 
Hailsham promised that the Government would oon- 
sider very carefully the pointe of view that had been 
put forward in the debate, and.would seek the best 
possible means of giving effect*to them. 
As Lord Simon recognized, “more, could not be 
expected ; but it is clear that the discussion on the 
of a university education, its content, and 
where it should be given and to what proportion of 
the population, is only begimning. Until those 
questions, however, are answered, no firm decisions 
can be taken as to the proportion of our resources to 
be expended on higher education, let alone ite 
distribution. - 


FUTURE OF BRITISH AGRICULTURE 


Princes for British Agricultura Poll 

A Study sponsored by the Nuffield 
Edited by H. T. Williams. Pp. xiii+317. (London: 
Oxford University Prees, 1960. Published for the 
Nuffleld Foundation.) - 18s. net. 


GRIOCULTURE differs so completely from other 

industries that nane of the ordinary rules seem 
to apply. It is carried on by imdividuals and not 
by limited, liability oompanies, its units are small 
compared with those of commercial enterprises, its 
risks cannot in general be estimated and oovered by 
insurance, and rts financial rewards are on a much 
lower level than those of most other business activities. 
But it plays so vital a part in the life of the nation 
that it to be kept efficient in good times and bad. 
In 1945 the Nuffield Foundation set up a small 
committee to formulate the principles on which a 
stable agriculture could be based capable of producing 
in time of peace enough food to avoid heavy imports, 
and in time of war ing sufficiently to save the 
nation from starvation. committee included 
among others Sir Frank Engledow, Sir Geoffrey 
Crowther, the President, Vice-President and Secretary 
of the National Farmers’ Union. The first draft of its 
report was ready in 1951, and preparations for the 
second, the present volume, in 1956: the effect 
of the long delay shows iteelf m same unevenness in 
the dates of the statistios but it does not appear to 
have adversely affected the text. 

The book opens with an account of the vicissitudes 
of British farming from 1840, when the abolition of 
import duties on corn led to unrestricted competition 
from the newly developing countries which finally 
reduced British almost to bankruptcy 
in the 1880's. Some recovery followed, but by 1981 
the experiences of the First World War and the 1920's 
had shown that a different type of treatment was 
necessary if the industry was to survive in any 
efficient way. The first efforts had little stiocess ; 
by 1939, when the Second World War began, only 
about 30 per cent of the nation’s fopd (measured in 
calories) was being produced at home. Vigorous 
government intervention stimulated greater output 
during the war but at enormous public expense: 
the maximum increase was about 50 per cent in net 
outptt, but 70 per cent in calories, and it took four 
Jone ta ponoria 
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After the War it was realized that the provision of 
food for the nation was too important a matter to be 
left entirely to the play of international marketa, and 
m 1947 an Act was passed with the object of giving 
agriculture a stable economic basis and directly 
encouraging efficiency in production. The method 
adopted was to help farmers in carrying out improve- 
ments in methods and to assure far all listed commo- 
dities a market at guaranteed prices arrived at by 
negotiations between the National Farmers’ Union 
and the Mmistry of Food and Agrioulture. This 
mvolves a good deal of publ expenditure, amounting 
now to about £250 million per annum, but it 18 
achieving results, and the present output is some 30 
per cent higher than the war-time peak, 68 per cent 
higher than pre-war, and still rising. The Committee 
thinks a further rise of 60 per cent is poasible; the 
methods proposed include an extension of ley 
farming, drainage, and larger use of fertilizers and 
lime. 

The justification for so much public sagistance is 
discussed from the social, economic and strategio 
pointe of view. The social case is not very strong : 
there is no evidence that home-grown food is more 
nutritious than imported, though im so far as it is 
fresher it may be more tasty. Country life is healthier 
than town life and the surroundings are pleesanter, 
but the differences are | ing as urban health 
improves and the beauty of the countryside is 
increasmgly despoiled. More might have been made 
of the call of the land that keeps many in the country 
who know they could earn far more in the towns, and 
the fact that 80 per cent of our farmers are farmers’ 
sons and that 40 per cent of their sons are going in for 
agriculture. The economic consideration is that higher 
food production at home protects the balance of 

ymenta; imdeed the ingenious suggestion is put 
orward that our growing industries will require such 
large imports of raw materials that there may be 
insufficient money left to pay for large importa of 
food. But the strongest considerations in favour of 
continued government support are strategio. Agrı- 
culture should be so efficiently equipped and directed 
that ib could in one season switch over from peace-time 
to war-time f ing, and, for guidance to this end, 
that mvestigations should be started to discover the 
mmimum diet under siege conditions. Storage of a 
year’s supply of food, of tractor fuel, and of farm 
applances is suggested. 

The book covers much new ground, raises many 
pointe for useful discussion, and will be helpful to all 
concerned with agricultural administration. It will 
be particularly interesting to the large number of 
people who are beginning to wonder whither British 
agriculture is tending. E. Jous RUSSELL 


IN PURSUIT OF WORLD 
HEALTH 


World Health 
By Fraser Brockmgton. (Pelican Book No. A426.) 
Pp. 405. (Harmondsworth, Mddx.: Penguin Books, 
Ltd., 1058.) 8s. 
O write a book on world health which is directed 
to “all who are interested in the health of the 
world” would seem a boundleas undertaking. Prof. 
Brockington takes a wide view of his assignment— 
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those with a special interest in the more technical 
problems of the organization of health measures 
throughout the world might deem too wide. But 
if one accepts, in line with the author’s argument, 
that a necessary ingredient of health policy is the 
understanding and co-operation of the people 
affected, that the promotion of better health depends 
on rousing the interest and enthusiasm of politicians, 
specialists and the public in general, then he has 
written the right kind of book. He ranges widely, he 
illustrates richly, he provokes and stimulates by the 
skilful use of example and statistics, he communicates 
enthusiaam. 

Health is eesentially a social concept and the 
pursuit of public health involves one, as Prof. Brook- 
ington interprets it, “not only in technology, but 
also in philosophical, anthropological, organizational, 
social and economic considerations”. After a brief 
discussion of the meaning of health and disease 
and a aketch of the picture of disease throughout the 
world, he discusses the social framework and its 
relation to health and disease. In only some hundred 
pages he carries one through a consideration of geo- 
graphy, of beliefs and customs, of family life, of 
population, of occupation, of town life, of hospitals, 
of food, of Industrialization. Points are made rather 
than theories devel e relies on the piquant 
example and the vivid detail. Tuesdays and Fridays, 
one learna, are special days for treatment in Peru 
as they are magically favoured. ‘Spitting forbidden, 
is not a universally acceptable maxim: the restric- 
tion against spitting tobacco juice on the walls had 
to be withdrawn before the maternity home gained 
favour in one African township. But should there 
be disappomtment with the brevity of the treatment, 
he provides for this section a particularly hy 
and wide-rangmg lst of references. (The whole 
bibliography is mdeed an excellent and most useful 
compilation.) 

The sections on public health practice throughout 
the world and on international publio health give a 
rapid survey of the organization of public health in 
different areas and at different times and lead up toa 
review of the first ten years of the World Health 
Organization. While recognizing the diffloulty of 
finding any set of common principles for the practice 
of public health, Prof, Brockmgton proffers five for 
consideration : ‘the inseparability of preventive and 
curative medicine’, “the primacy of preventive 
medicine”, “unity of control’, “co-ordination” and 
“local government and partiarpation by the people”. 
These would seem to add up to the philosophy which 
runs through the book and to the view of public 
health which Prof. Brockington seeks to propound. 
He looks back with approval on Chadwick, who 
whipped nineteenth-oentury England along the right 
road, and cites, as an example of an effective modern 
policy, Yugoslavia which “wiped the alate of past 
endeavours clean” and under the wise guidance of 
Prof. Stampar recognized the importance of the 
local health unit and based ita health services on the 
health centre and the institute of hygiene. 

In the final section, on the measurement of health, 
Prof. Brockington deals with health statistics and 
the problems of collecting and recording data. It is 
enlivened by shrewd comment and timely cautions ; 
but, being both too brief to serve as an adequate 
introduction to the subject and too sketchy to be 
useful as a text-book, one wondera whether the more 
technical material might have been included more 
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usefully as an appendix. It has ite place in a oom- 

book on world health, but it is in a differ- 
ent key from the discussion of wider, more general 
issues, and follows awkwardly on s plea for better 
international understanding through the common 
pursuit of health. Certainly for the non-medical 
reader it is not as a text-book but as, in the best 


CLASSIFICATION OF THE 
CESTODES OF VERTEBRATES 


Systema Helminthum 

By Prof. Satya Yamaguti. Vol. 2: The Cestodes of 
Vertebrates. Pp. vii+860. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1959.) 90 dollars; £34. 


HE second volume of Satyu Yamaguti’s 


the book is a compilation of diagnoses of 85 families, 
48 sub-families and 466 genera of cestodes, arranged 
in five parts according to the olasses of vertebrate 
hosts. Specific names are also listed for the genera, 
and there is a brief “Systematic Survey” bringing 
together all the taxonomic units used down to genera, 
which is followed by 2,427 references to the origi 
literature, 584 illustrations grouped in 70 plates, and 
an index taking up rather more than 90 pages of two 
columns each. Some of the oriticiams applied to the 
Bee ee app oe ee The arrange- 
ment of the diagnoses under the headings of hosta— 
fishes, amphibians, reptiles, birds and mammals— 
will be convenient to some users of the book, but 
EE coc E ehh Ne 
and species dispersed for any family whi 
representatives in two or three classes of hosts. 

An orthodox scheme of olassification is adopted. 
Cestodes are arranged in two unequal subclasses, the 
Cestodaria (3 orders, 4 families, 9 sub-families and 31 
genera) and the Eucestodsa (10 orders, 51 familics, 
84 sub-families and 485 genera). The orders of non- 
segmented cestodes (Cestodaria) are named Amphi- 
linidee (2 families), Gyroootylidea (1 family) and 
r peyia (1 family). The orders of strobilate 

cestoda) are named Paeudophyllidea 
(8 fon familia), Aporidea (1 family), Oyolophyllidee (15 
families), Diphyllidea (1 family), Lecanicephalidea 
(5 families), Nippotaeniidea (1 family), 
lide& (1 family), Spathebothriidea (8 families), Tetra- 
phyllidea (4 families) and orbyncha (11 
families). . There is also a list of 12 genera incertae 
sedis, 8 occurring in fishes, 2 in birds and 2 in 
mammals. 

This inequality of the orders of cestodes in respect 
of families extends also to families in respect of sub- 
families and genera. 48 out of 55 families do 


15 of the 48 families 
us, 9 contain two genera and 7 contain 
the remaining 12 families contain 
. altogether 98 genera, 4-18 per family. 4 of the 
12 sub-divided families have two sub-families (14 
genera), 3 have three (112 genera), 3 have four 
(96 genera), 1 has five (58 genera) and 1 has nine 
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sub-families (28 genera): thus, 12 families contain 
all the sub-families involved in the olassifloation of 
the Cestoda and a total of 302 genera. Notably, the 
Hymenolepididae contains 83 genera, the Dilepididae 
78 genera and the Anoplocephalidae 58 genera. These 
families belong to the Cycolophyllidea. Next in this 


claases of host; 87 families are 
4 in amphibians, 6 in reptiles, 16 in birds and 10 m 
mammals. However, only 43 families of cestodes are 
ie T E aanbe A lani 33 families in 


reptiles alone. Thus, 13 families of cestodes occur in 
two or more classes of hosts, and there are 81 overlaps 
between the classes, 4 involving fishes, 8 amphibians, 
6 reptiles, 10 birds and 8 mammals. Families repre- 
sented in two classes of host number 1 in fishes and 
reptiles, 1 in fishes and birds, 1 m amphibians and 
reptiles, and 5 in birds and mammals. Families 
ted in three classes of hostas number 1 in 
, amphibians and reptiles, 1 in fishes, amphibians 
and birds, and $ in i birds and mammals. In 
contrast with the findings for the digenetic trema- 
todes, not one family of cestodes is represented in all 
classes of vertebrate hosts, or even in four out of five 
of them. 
In his introduction, Yamaguti mentions previous 
of cestodes or 
geogra ions. He 
also. paya a tribute to the beak “Tho Zoclogy of 
Tapeworms”, Wardle and MoLeod (1952), the 
only other book dealing with cestodes on a world- 
wide soale. It will be useful therefore to note, so 
far as space permits, how the taxonomic arrangements 
made by Yamaguti compare with those made by 
Wardle and McLeod. Notably, the Caryophyllidea 
is restored to the Cestodaria and the Biporophyllidea 
is abandoned, because based on a form which is 
indubitably a detached proglottis of some strobilate 
cestode. In both schemes the Eucestoda contains 
10 orders, but there are major changes which seem 
reasonable. Yamaguti does not uphold the Disouli- 


to stand as the solitary family of the Diphyllidea, 
which did not occur in Wardle and McLeod’s scheme. 
The Pseudophyllidea has 7 families common to both 
schemes, but the name Diphyllobothriidae replaces 
the name Dibothriocephalidae, and two new families 
are added, the Cephalochlamydidae (2 genera) and 
the Parabothriocephalidae (3 genera). The order 
Aporidea, with its single family the Nematopara- 
taeniidae, is retained. 18 families of the Cyclo- 
phyllides are common to both schemes, but Yamaguti 
does not uphold the Biuterinidae ; instead, he places 
the three (Biuisrina, Deltokeras and Cyolor- 
chida) for which Meggitt established the family in the 
Dilepididae, the first two genera in the Paruterinae 
and the third genus in the Dil idinae. Neyrata 
(Syn. Biuterincides) is also placed in the Dilepididae 


(Parutermae). Included algo in the Cyclophyllidea 
is the family which I will call the iidae 
Fuhrmann, 1936, emend. Burt, 1939, formerly 


standing irf the Acoleidae, and the new family Triplo- 
taeniidae made for Triplotasnia, which Wardle and 
McLeod placed in the Anoplocephalidae. 
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the Lecanicephalidae, 


family, the Tetragonocephalidas. He also makes 
Parataenia a synonym of Polypovephalus and rejects 
the family Cephalobothriidae, in which Wardle and 
McLeod placed the latter genus, placing Cephalo- 
bothrium, Hexacanalis, Tylocephalum and Calyoo- 
bothrium in the Lecanicephalidas, and making 
Adelobothrium the type genus of a new family, the 
Adelobothriidas. As already stated, the Digsulici- 
pitidae is also added to the Lecanicephalidea, and 
another added family is the MBalanobothriidae, 
erected by Pintner for Balanobothrium, which Wardle 
and McLeod placed in the Tetraphyllidea | Yamaguti 
has retained the Nippotaeniidea (1 family) and also 
the halidea, which also has only one family 
but, thanks largely to the work of Mola and of 
Woodland, 7 sub-families, to which the Prosoboth- 
riinas is now added to contain Prosobothrium (Byn. 
Lintoniella). Wardle and McLeod placed ‘‘Lintonssila”’ 
in the Proteocephalidea, (Proteoosphalidae) but 
Prosobotirium in the Lecanioephalidea (as a genus 
inquirendum) | The order Spathebothriidea is 
retained as founded by Wardle and McLeod, and the 
two large families of the order Tetraphyllidea with 
oomperatively few changes, although T'siracampos 
is removed, regarded as a synonym of Polyonsho- 
bothrium and placed in the Pseudophyllidea. 
Mysophorus is also removed and placed in the 
Proteocephalidea. Two new families are added to 
the Tetraphyllidea for genera nob mentioned by 
Wardle and MoLeod, namely the Triloculariidae and 
the Maccaltumeiollidae. Fmally, Yamaguti upholds 
the ten families of the complex order Trypanorhyncha, 
which is divided into the sub-orders Cystidea (8 
families) and Acystidea (8 families) ; included in the 
Cystidea is the family Hornelliellidae erected by 
Yamaguti in 1954. 

It would be beyond the scope of this review to enter 
into further details. Let it suffice to say that 
Yamaguti’s sterling attempt to correct many errors 
of judgment which appear in “The Zoology of 
Tapeworms” will be received gratefully by many 
parasitologists. They may not agree with his scheme 
in ite entirety, but will have to admit that it is a 
step in the right direction. The illustrations are 
better than those of trematodes in the previous 
volume, although some of them are too small to be 
serviceable. That part of the ‘Systema Helminthum”’ 
which deals with the flat-worms (Platyhelminthes) 18 
now complete. Unfortunately, it is not a text-book 
and therefore morphological detaila are diagnostio 
and incomplete. But the task of arranging about 
3,290 species of cestodes (discounting about 560 
names which include synonyms, varieties, renamed 
species, eto.) and 4,934 species of digenetic trematodes 
(discounting about 383 names of synonyms, etc.) m & 
taxonomic scheme haa been achieved. Families in 
the Cestoda and the Digenea number respectively 
55 and 103, sub-families 43 and 365, and genera 466 
and 1,024, respectively. Both groups are pre- 
dominantly parasitic in fishes and the Digenea show 
the greater degree of spreadmg into other classes of 
vertebrate hosts. For the assembly of this enormous 
amount of scientific date Yamaguti has richly earned 
the gratitude of an army of research workers m the 
field of parasitology. Bux Dawzs 


1 Dawes, P., Nature, 183, 957 (1959). 
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THE PRESENT POSITION IN 
LEATHER Pome 


The Chemistry and Technol 
Edited by Fred O'Flaherty, T. Roddy and 
Robert M. Lollar. VoL 2: Types of Tannages. 
(American Chemical Society Monograph Series, No. 
184.) Pp. xiv-+554. (New York: Remhold Publish- 
ing Corporation; London: Chapman and Hall, Ltd., 
1958.) 182s. net. 


Eo science is not amenable to easy pre- 
sentation in text-book or treatise form. Many 
of the problems of practical importance to the industry 
are of such complexity that only empirical resulta 
exist, which different im tors have attempted 
to link together by plausible hypotheses. It is not 
possible to decide between rival hypotheses using the 
available data, so that differing views have in some 
instances continued to exist side by side over long 
periods, with fluctuating popularity. In contrast, 
topics where scientific progreas has been greatest 
—the composition and structure of collagen; the 
structure of vegetable tannin materialsa—oan only 
with difficulty be related to practical problems facing 
the industry to-day. 

This uneven development of the subject is reflected 
perhaps more sharply in the second than in the first 
of the four volumes on “The Chemistry and Tech- 
nology of Leather”, entitled ‘Types of Tannages’’, 
which F. O'Flaherty, W. T. Roddy and R. M. Lollar 
are editing for the American Chemical Society 
Monograph Series. aL cen: tanning and chrome 
tenning are each in three chapters, one 
concerned with the chemistry of the tanning agents, 
a second with the mechanism of tannage and the 
third with the industrial process. While T. White 
ably summarizes critically the extensive structural 
research on vegetable tannins, a comparable critical 
account is not achieved by T. C. Thorstensen. in his 
chapter on the chemistry of ohromium salte. The 
chapter by E. B. Thorstensen on the practice of 
chrome tanning 18 also inadequate, which 18 especially 
unfortunste m view of the present importance of 
chrome tanning processes in the mdustry. 

The treatment of other tannages varies according 
to the mteresta of the author. A. Kuntzel, in his 
acoount of oil tanning (chamois leather), draws on 
literature from all over the world. In contrast, 
G. A. Butz, m eigen aie combination. 
concentrates on the production of U.8. Army ‘Retan’ 
leathers. He inolu a number of detailed manu- 
facturmg processes, whereas some other authors 
exclude these. Each of these two chapters is valuable 
m itself, but they do not stand easily side by side in 
a single book. 

The rapid development of zmconium has 
already somewhat outdated I. C. Somerville’s aki 
written account. Other chapters are concerned with 
tte des, alum and iron tanning, the use of silica, 

lyphosphates, replacement synthetic tans, resin 
Eade and sulphony! chloride. 

Three general chapters are included in the volume. 
Y. Nayadamma gives a useful summary of shrinkage 
tem measurements and their significance, 
while L. Seligsberger and O. W. Mann draw on their 
experience at the U.S. Quartermaster Research and 
Engineering Center, Natick, Mass., to discuss stability 
of tannage. This chapter is especially valuable as the 
subject has been neglected by other books on leather. 


f Leather 
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R. M. Lollar’s o chapter on the criteria which 
define tannage, S fea ths eriin of decane 
general conclusions, and of summarizing so varied a 
subject. 

Much of the book is of too technical a character to 
interest chemists other than those concerned with the 
production and use of leather. For leather chemists, 
it provides useful summaries of certain flelds, but in 
others, requires oautious study, and in a third, 
smaller, group of subjecta, it gives only an inadequate 
gooount. Students will not easily use it, exoept for 
reference, and even there its usefulness is limited 
by the need to read critically. In this respect, the 
second volume falls short of the fires, where several 


chapters, while providing adequate reviews, were 
also excellently adapted to student use. 
A. G. Warp 


THE NEWER METALS 


Tantalum and Niobium 
By Dr. Q. L. Miller. (Metallurgy of the Rarer Metals, 


No. 6.) Pp. xxti+767. (London: Butterworths 
Scientific Publications; New York: Academic 
Press, Inc., 1959.) 1208.; 21 dollars. 


Analytical Chemlstry of Titanium Metals and Com- 


pounds 
By Maurice Codell. (Chemical Analysis : a Series of 
and Its Applica- 


Mon on Anslytioal 

tions, VoL 9.) Pp. ziii +378. (New York: Inter- 
science Publi London: Interscience 
Publishers, Ltd., 1959.) ‘Gos. 


The Chemical Behavior of Zirconium 


By Warren B. Blumenthal. Pp. vi+808. (Prinoe- 
ton, N.J.: D. Van Nostrand Company, 
London: D. Van Nostrand Company, Ltd., 1959.) 
83s. 6d. 


OMPARATIVELY recent improvements in the 
techniques of extraction metallurgy have given, 
in effect, new metals for old. The higher degrees of 
purity now attamable, and in particular the much 


to be replaced by an attractive ductility. 
the constant search for metals capable of withstand- 
ing ever more stringent conditions of service, accounts 
for the considerable amount of research and develop- 
ment work now in progress on metals such as niobium, 
tantalum, titanium, and , with which the 
three books under review are concerned. 

In his book ‘Tantalum and Niobium”, Dr. Q. L. 
Miller has followed the general pattern of his earlier 
volume, ‘‘Zirconium”, in the same series. Most of the 
available data on niobium and tantalum are pre- 
sented in a systematic manner and generally in 
considerable ‘detail. About a third of the book is 
devoted to the extraction and consolidation of the 
metala, another fifth to the known binary equilibrium 
diagrams, and s seventh to behaviour of the metals 
under corrosive conditions. The role of niobium and 
tantalum in steels and in heat-resisting alloys is 
dealt with less fully, and reference is made to a 
wh on the subject. 
diagrams and half-tone plates are used, 
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During the past five years there haa been a oon- 
siderable increase in the affart devoted to the refrac- 
tory metals and their. alloys, and it seems likely 
that this book has been produced jast before the 
resulta of many of the newer investigations are 
published ; @ second edition may be required at a 
relatively carly date. In the meantime, the volume 
will be a useful reference book for those concerned 
aer the production of niobium and tantalum, and 

with research into their properties. 

Realization of the importance of minor impurities, 
eddy to @ nal of vedlincingionl. waortasion as 


and Compounds” Maurice Codell has provided a 
comprehensive account of modern methods. About 
100 pages are devoted to the chemistry of titanium 
and general analytical procedures, including spectro- 
graphio, vacuum fusion, polarographic and spectro- 
phometric techniques, 200 pages to the analysis of 
Tumanda Gen alloye: and 70 pages to the analysis 
of titanium-bearing pigments, ores and 

Experimental detail is clearly presented, and the 
lay-out is such that the book may conveniently be 
used as a laboratory handbook. Within this volume 
ay competent analyst should find the information 

and guidance that will enable him to deal with any 
analytioal problem relating to titanium which he is 
likely to encounter. It is unfortunate that in a book 
of this kind there should be no details of reproduci- 
bility of the analytioal results for titanium and 
titanium alloys. In this respect the author is inoon- 
sistent, since he gives details of accuracy of some 
speotrographio and vacuum-fusion methods. It is to 
that in any future edition he will provide 
ais kind of information more generally throughout 
the book, for it would add greatly to its value and 
help readers to select the analytical technique most 
suitable to their purpose. 

In his preface to “The Chemical Behaviour of 
Zirconium”, Warren B. Blumenthal writes that it 
was his intention to provide students and research 
workers with a broad and detailed acoount of the 
chemistry of xirconium as an element and as a coom- 
ponent of compounds, interstitial solutions and 
alloys. The space devoted to alloys is so amall that 
the author can, scarcely claim to have dealt with this 
branch of his subject. It is therefore in regard to his 
other objectives that the book should be judged. 

The text is by numerous references, and 
the reader should be able to find the available informa- 
tion on the reactions of zirconium compounds. One 
diffoulty in presenting knowledge on xiroonium 
compounds arises from the lack of conclusive date 

e structures of ions and compounds of zirconium. 
This leds to the grosetitation of a large nuimir of 
structural models without the sound experimental 
backing usually found in other fields of morganio 
chemistry. It also enables the author to point out 
ie wkd a i N 


conium sera without emphasis on the under- 
AIR lawn It may be that at this 
a satisfactory and systematic treatment is not 
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possible becauee so much more experimental work is 
required before the reactions discussed by the author 
can be properly understood and correlated. He 
wculd procably have been wise to make leas ambitious 
claims for his book, and to put ıt forward as a record 
of what is known about zirconium compounds, 
recognizing the limitations that are imposed by 
writing at this relatively early stage in the develop- 
ment of the subject. A. QG. QuaBRELL 


EVOLUTIONARY THEORY AFTER 
MENDEL 


Genetics and Twentleth Century Darwinism 
(Cold Spring Harbor Symposia on Quantitative 
Biology, Vol. 24.) Pp. xv +881. (Cold Spring Harbor, 
New York: Long Island Biological Association, 
1959.) 8 dollars. 


ETWEEN an introduction by E. Mayr, surveying 
the contemporary aspects of evolution, selection 
and iation and a concludmg synthesis by G. L. 
Stebbins, which is partly based on the twenty-two 
contributions by the participants in the symposium, 
this volume contains a good deal of factual informa- 
tion from many fields. While the general and quali- 
tatrve conclusions of the specialists are on the whole 
remarkably uniform and furthermore similar to 
concepts which Darwin himself held a century ago, 
one is struck by the vastly greater extent and certainty 
of our knowledge and also by the superior techniques 
and quantitative methods which are employed in 
gaining this knowledge. 

The only fundamental difference between our 
approach and that of Darwin stems from our recog- 
nition of particulate and chromosomal inheritance as 
the basis of much of hereditary variability upon which 
selection and isolation act; and thus mutation and 
gene recombination—processes of which Darwin was 
of necesarty ignorant—play very prominent parte in 
our ideas of evolution. Genes as raw materiala of 
evolution are considered by Dobzhanaky, Stubbe and 
Buzzati-Traverso, while rece formation by selection 
is described by Morley and by Schwanitsz in plants, by 
Mourant (blood groups), Barnioot (climatic influences) 
and Coon (other ecological factors) in man and by 
Lamotte in snails. Genetical conditions conducive or 
refractory to race formation are described by Carson. 
The mterplay between ecology and genetics in the 
evolution of mimicry is expounded by Sheppard ; 
the differentiation—hybridization cycle and polyploidy 
in Achtllea by Ehrendorfer. 

Speciation and isolation are described by Kitzmiller 
and Laven in mosquitoes and by Baker concerning 
flowering plants. Wallace analyses the influence of 
genetical systems on geographical distribution. 

In addition to those contributions, which deal with 
evolutionary processes still at work, there are four 
papers concerning the fossil record and evolutionary 
tates in early vascular plants (Andrews), mammals 
(Kurten), fossil (Heberer) and contemporary (Hunt) 
man. A final rather h us group of papers, 
headed “Trends of Evolution”, deals with the nature 
and origin of supraspscific taxa (Simpson), the 
chromosome evolution in the Australian flora and the 
progress in the brain and sense organs of animals 
(Rensch). 
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As usual in the Cold Spring Harbor series, the 
individual papers are followed by selections from the 
discussions in which, in addition to the cantributors, 
a wider circle of listeners participated. 

Like tts predecessor on the “Origin and Evolution 
of Man” (1950) the present symposium included 
geneticista, anthropologists and palmontologistsa, to 
which, however, ecologista were added. This fourfold 
attack resulted in a broader grasp of the subject of 
evolution : in revealing the existence of considerable 
gaps and blurs between the descriptions it also shows 
where further work is needed. 

The volume is well produced, illustrated and 
documented, and I have noticed. only one editorial 
mistake: a completely wrong title in the contents of 
the paper on p. 118. EH. KALMUS 


THE EXPLODING WIRE 
PHENOMENON 


Exploding Wires 

Based on Conference on the Exploding Wire 
Phenomenon, April, 1959, conducted by Geophysics 
Research Directorate, Air Force Cambridge Research 
Center, with the co-operation of Lowell Technol 
Institute Research Foundation. Edited by Wi Willen 
G. Chace and Howard K. Moore. Pp. 373. (New 
York: Plenum Press, Inc.; London: Chapman and 
Hall, Ltd., 1959.) 76s. net. 


URRENT interest in thermonuclear projects, in 
high-speed photography, and in phenomena 
associated with shock waves has provided a powerful 
stimulus to research on explodmg wire phenomena. 
It is a disappointment to find that the first book on 
this subject, described by the lishers as a signifi- 
cant monograph, is only a co ion of papers pre- 
sented at a conference, with no index, no record of the 
discussions, and the minimum of introduction. 
Apart from tbe stiff binding and the high quality of 
the illustrations, the t of the material 
which has been adopted, putting the diagrams at the 
end of each paper, and the photographic reproduction 
of the text, cause this volume to resemble the preprint 
of a conference rather than an authoritative work. 

Some of the papers presented are excellent ; but the 
general emphasis is on experimental methods rather 
than on resulta. half the twenty-five papers 
presented deal with the use of techniques such as 
voltage and current oscillography, high-speed photo- 
graphy and radiometry in studying the explosion of 
wires by condensers storing energies between one and. 
one million joules. Of icular interest are pepers 
dealing with the ‘dwell time’ between the initial 
current pulse and the build-up of the main 
and Scherrer’s elegant work with a water-dieleatric 
condenser. The remainder of the volume is evenly 
divided between theory and application. In the 
former category there are three useful papers on 
cylindrical shock waves; the applications imolude 
flash sources for photochemistry, the bonding of 
nonconductors, plasma acceleration, and as fuses to 
protect condenser banks. 

While this volume will be of value to workers in the 
field, it is neither sufficiently correlated nor compre- 
hensive enough to be a good, balanced account of the 
subject. It would have been greatly improved by the 
inclusion of a long introduction describing the previous 
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work in the field, particularly that of Anderson and 
Nagaoka and recent Russian contributions. Some 
unnecessary illustrations, such aa the three successive 
pages of pictures of somewhat pedestrian electronica, 
could well have been omitted. It is not easy to see 
‘why thee papers have been collected in a single, 
highly priced volume, when they could have been 
published in a scientific journal. 
B. A. Tarver 


A STUDY. OF NON-LINEAR 
PROBLEMS 


Nonlinear Problems in Random Theory 

By Prof. Norbert Wiener. (Technology Press Re- 
search Monographs.) (Cambridge, 
Maas. : Massachusetts 
Institute of Technology; New York: John Wiley 
and Sons, Ino.; London: and Hall, 
Ltd., 1958.) 86s. net. 


HIS is a collection of lectures reproduced by 
participanta of a course given by Prof. N. Wiener 
at the Massachusetts Institute of Technology. The 
lectures were recorded by means of a tape-recorder 
end thus the volume includes the author’s spoken 
words; photographs of formule written 
down on the blackboard are reproduced. The result- 
ing informal style fits very well with the contents; 
e there is a wealth of ideas and suggestions, both on 
theory and applications, but the een 
reasoning is often somewhat i 
The book deals with non-lmear aee A 
sample functions x(t) Oe Gee Peon. ean 
for the most part is the 


the author then studies certain homogeneous ‘poly- 
nomial’ functionals Fy(z) = f.. JEalty :- , by) dx(#,) 
. dx{t,) and their expectations. help of 


an orthogonalization process, oie 4 makes such 
homogeneous functionals of different degree ortho- 
gonal to each other, a theory of expansions of arbi- 
trary functionals in terms of homogeneous ones is 
developed. This is the main tool for the evaluation 
of the autocorrelation function and the spectrum of 
special functionals by some applications. 
Frequency modulation seperate for aires lead 
to functionals of the type exp(if . 
t+ t)da(t)) - ett). 
spectrum with th e spectrum observed in electro- 


and synthesis of non-lmear networks, where the author 
iL ooo eye ee ea 


interpretation of the square of the absolute values 


of the coefficients in the eigenfunction of 


a wave-functian as probabilities has never made 


clear in quantum theory, and he suggests such an 
explanation bered on a formal analogy. In his new 
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approach to statistioal’ moha, the number of 
in a region of thé phase-space is considered 
as an additive random functional. 

In two lectures on coding and decoding, discrete 
Processes are considered instead of continuous ones, 
and analogies to the earlier orthogonal expansions 
are treated. Coding consists of representing a given 
time series by a certain sequence of independent 
and distributed random variables. Decoding 
consists of the reverse operation, where each member 
of the sequence is determined by the ‘past’ of a given 
time series and conversely. 

As stated in the foreword, the series of monographs, 
of which this is the first volume, is designed to make 
acoeasible research studies which are larger in scope 
than a paper in a specialised journal, but leas ambi- 
tious than a finished book. It certainly has made a 
good start. 

K. KeroxasseG 


WEATHER RECORDS OF THE 
WORLD 


World Weather Records, 1941-50 

(U.S. Department of Commerce: Weather Bureau.) 
Pp. ix+1861. (Washington. D.C.: Government 
Printing Offloe, 1959.) 4.75 dollars. 


FOURTH volume has bean added to the series 

of “World Weather Records,” this time over the 

imprimatur of the United States Weather Bureau 

produced in collaboration with the staff of Blue 
Hill Meteorological Observatory, Harvard. 

The three previous volumes, due to H. H. and Miss 

F. L. Clayton, were published in the Mtscelansous 


` Collections of the Smithsonian Institution in 1927, 


1984 and 1947. These year-by-year records of 
monthly values of temperature, rainfall and atmos- 
pheric pressure are an essential reference for all whose 
work is concerned with climatic behaviour and trends. 
The new volume, which principally covers the decade 
1041-50, has been eagerly awaited. The data, con- 
tributed by the meteorological services of more than 
eighty nations, refer to some seven hundred pomtsa 
all over the world. In this volume ocean weather 
ship stations in the North Atlantio and North Pasific 
make their appearance for the first time, as do the 
remote i of Marion, Heard and arie in 
the Southern Ocean and the stations in the 

Islands ies in Antarctica. 

Another weloome feature is a great increase in the 
number of places for which long records have now 
been made available; notable additions in the 
preeent volume are Budapest (from 1780), Toronto 
and Hobart (both 1841—), St. Helena (pressures 1892-), 
Jan Mayen Island (1921--), as well as many tropical 
islands, extra places in the United States, Japan and 
elsewhere and data for Russian stations since the 
Revolution. There are also long tabulations of lake- 
levels, river-levela, dates of freexing and thawing, etc. 

This is a fat volume, but the price has been kept 
enoouragingly modest. It is to be hoped that the 
series will continue m this style, that further old 
records which have been, or are being, homogenized 
will be included in future volumes, and that some day 
the wide gap in the world meteorological network in 
she South: Pacifio willbe- filed by a weather ship. 

H. H. Laws 
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The Second BBC Naturalist 
Edited by Deamond Hawkins. Pp. 124. (Londan: 
Adprint, Ltd, 1960.) 10s. 6d. net. 
HE Second BBO Naturalist” sets out to do as 
‘The BBO Naturalist” did—provide in perma- 
nent form a record of the British Broadcasting 
Corporatian’s wild-life programmes; but whereas 
“The BBO Naturalist” contained articles on wild-life 
in the United Kingdom, the second book bas ventured 
farther afield—to such places as the Galapagos 
Islands, Africa, the Indian Ocean, ete. 

“The Second BBO Naturalist” is a completely 
mdependent book. The title is misleading in that it 
suggesta it to be the second volume of a series. 
However, it is not necessary to possess, or even to 
have seen, ‘The BBO Naturalist”? m order to enjoy 
this second book. 

It contains twenty-two articles on wild-life, 
following its introduction, specially written by such 
well-known naturalists as David Attenborough, 
James Fisher, Hans Hass, Maxwell Knight, Peter 
Scott and others equally as famous. Each article is 
very pleasantly written, and from the wide variety of 
subjects there should be something to interest 
everyone. 

Each page contains at least one interesting picture 
or diagram, some im black-and-white, some in colour, 
many most unusual. There are some particularly 
fasomating charts showing the speed and height of 
bird fight, and man’s De al fleld compared with 
that of the owl, the woodoock and the fish. 

It 1s not necessary to have watobed or hstened to 
the B.B.0. programmes to enjoy this book. It is 
complete in itself and ahould find ita place on the 
bookshelves of naturalists and laymen, children and 
adulte. B. J. G. MAITLAND 


Natlonal Academy of Sclences—Natlonal Research 
Councll 

Publication No. 713: of Literature on 

Dielectrics, Vol. 22, 1968. Pp. xiii+293. (Washington, 

D.O.: National Academy of Soc1ences—National 

‘Research Council, 1959.) 5 dollars. 


‘PUBLICATION 713 of the National Academy of 
Sciences—National Research Council is Volume 22 
(1958) of the ‘ of Literature on Dielectrics” 
prepared by the Committee on Digest of Literature 
of the Conference on Electrical Insulation, Division 
of Engmeermg and Industrial Research, and edited 
by R. A. Sodermann and L. F. Frisco. The contente 
consist of four emente, general and 
theoretical, ion, and applications—and an 
introduction by L. F. Frisco entitled “Trends in 
Research and Development im 1958". There are 
twelve chapters, each written by a different set of 
authors, and the attempt is made in each chapter to 
rE E EEA A EE A PE 

the more mportant evernments. Part 1 
consista of two chapters, the first with 
dielectric measurements below 100 Mo./s., measure- 
menta above 100 Mo./s., cable measurements, and 
books and reviews, and the second tables 
of dielectric constants, dipole moments and dielestric 
relaxation times. The subjects covered by the five 
chapters of Part 2 include conduction phenomena 
in solid dielectrics, ferro-electric and piezo-electric 
materials and ferromagnetic materials. During 1958, 
cadmrum sulphide continued to be the most important 
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material for studies of photoconduction. Several 
new ferro-electrios, mostly water-soluble organic 
crystals and oxide ferro-electrics, were discovered, and 
in the study of ferro-electricity and piero-electricity in 
ceramics, the shift in emphasis was from barium 
titanste towards the high Curie-point materials 
related to lead titanate and leed niobate. Switching 
mechanisms in, ferro-electric single crystals received 
considerable attention. The bibliographies on ferro- 
electric and piezo-electric materials, and on ferro- 
magnetic materials, contam 339 and 6500 items 
respectively, and illustrate the great activity in those 
subjects and the wide coverage of the digest articles on 
these topics. 

Insulation properties discussed in Part 3 monde 
those of rubbers and plastics, insulating films, 
insulating liquids, and ceramics. Developments in 
transformer insulation continued to be directed 
toward higher and moulded or cast 
insulating structures. Part 4 consiste of one chapter 
in which a comprehenarve review is given of progress 
in the development of capacitors, wires, cablea, wave- 
guides and radomes. Military interest in components 
and systems to operate at high temperatures and in 
the presence of high-intensity nuclear radiation 
accounts for a considerable amount of the experi- 
mental work reported, but commercial interest in 
units to operate under more moderate conditions 
but with high uniformity of performance and 
reliability, was still vary pronounced during 1958. 


S. WBINTROUB 
e 


Crystal Chemistry of Simple Compounds of 
Uranium, Thorium, Plutonium, Neptunium 

By E. 8. Makarov. Translated from the Russian by 

E. B. Uvarov. Pp. iii+145. (New York: Consul- 

tanta Bureau Inc.; London: Ohapman and Hal, 

Ltd., 1959.) 42s. net. 


HE major part of this book consists of an account 

of the orystal structures of the polymorphic 
forms of thorium, uranium, neptunium and 
plutonium and of their binary alloys and oom- 
pounds. Oomplete structural data are given where 
possible ; unit cells and space groups, oo-ordination 
numbers and interatomic distances are lated, to- 
gether with many diagrams of the various structures, 
based on data published up to mid-1957. Inter- 
metallic compounds are discussed far more exhaus- 
tively than compounds formed with non-metals ; 
the treatment is brief and factual, with little aritioal 
discussion. 

In addition, there are three chapters on inaa 
aspects of the subject. An introduotory chapter 
deals with the relation between bond types and 
crystal structure ; this chapter is so condensed that 
it is somewhat ing and it would scarcely be 
suitable for a student learning the subject. There is 
a chapter on the atomio radii of the actinides which is 
simply a summary of an article by W. H. Zachariasen. 
The crystal is discussed in the 
fn ete picid eine tae ae of these 
elements in the Periodico Table contains a list 
of compounds of Groups IVa, Va and VIa, and of the 
lanthanides of the same structural as the 
analogous actinide compounds, which are discussed 
in terms of the well-known dual nature of the earlier 
members of the actinide series. 

This book will be useful to research workers and to 
teachers of structural chemistry mainly as a guide 
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to the literature ; it provides no substitute for a study 
of the origmal papers. The translation is adequate, 
but there are several typographioal errors. There is 
no index ; the compounds are grouped according to 
the position of the second element in the Periodic 
Table. L. E. J. Ropers 


Prehistoric Man In Europe 
By Frank C. Hibben. Pp. xv+317+24 plates. (Lon- 
don : Constable and Oo., Ltd. ; Norman, Oklahoma : 
University of Oklahoma Prees, 1969.) 50s. net. 
OWADAYS an author should think twice before 
attempting to describe the whole idl wages 
times in the compass of one volume, even a 
restricted aree such as that of Europe is under 
‘consideration. 

Although the first 102 pages of this book are 
devoted to the earliest times, one suspects that Mr. 
Hibben, a resident in America, has interests which lie 
rather in the post-mesolithic phases of the subject. 
It might have been wise to have asked same member 
of the American School of Prehistoric Research at 
Harvard, which has done so much to further palmo- 
lithic studies in Europe, to examine the earlier chap- 
ters, as well as the not too well selected bibliography, 
where the name of Movius is not mentioned and that 
of Henoken begins with a K, and where in some cases 
early works only are cited and their authors’ later 
publications on the subject omitted. Mr. Hibben 

*seeme somewhat happier aes the fetes of the book 
where Bronze Age, legsical cultures 
are considered. 

cna hace tagt doen to mien 
mum, but the reason, of course, may well be one of 
finance ; they include a charming photograph of a 
reconstruction of the Roman Forum in ite glory. 
Of course, there is a lot of information given and the 
reading is easy, but the book cannot be said, especially 
as regards the earlier periods, to be a definitive work 
on. the subject. Murs Burxrrr 


The Literature of the Soclal Sciences 
An Introductory Survey and Guide. By Peter R. 
Lewis. Pp. xx+222. (London: Library Association, 
1060.) 28s.; 4.20 dollars. 

LTHOUGH this book does not claim to be more 

than an introductory survey and guide, it covers 
a wider feld than ite title might suggest. It is 
apparently intended for the administrator, the 
busines man, the research worker and the general 
reader, and rt also deals to some extent with library 
administration. On the strictly sociological side it is 
somewhat slender in view of ite title but here and 
throughout it 1s sufficiently strong on the periodical 
literature to render it probable that the conscientious 
reader will be guided to what he One 
exception may be noted on the historical aide: the 
Annals of Sotence fills a place where the author 
recognizes that he has provided very slender oover. 
For the rest, it is difficult to oriticize an 
selective compilation when the basis of selection is 
unknown, but it might be observed of the chapter on 
political scienoe and public administration that it is 
surprising to find no reference to Sir Ernest Barker's 
works and that the section on the Civil Service omits 
too many importent books. The style and production 
of the book are admirable and there is a good index. 
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Introduction to Symbolic Logic and Its Applications 
By Rudolf Carnap. ‘Translated by William H. 
Meyer and John Wilkinson. Pp. xiv+24l. (New 
York: Dover Publications, Inc.; London: Oon- 
stable and Oo., Ltd., 1958.), 1-85 dollars; 15s. 


-T is a weloame sign of the times to have Oarnap’s 

“book (perhaps the most comprehensive “Introduo- 
Paes eat Logio” in existence) made available 
in at a modest price. This is something of 
immediate value to the student of symbolic logio, and 
will carry him right up to the frontier of advanced 
work. He will not find it easy going, but all the 
essentials are there. Part 1 deals with the system, 
and Part 2 with the application. 

Broadly speaking, the subject as we know it has 
existed for scaroely more than a century (though its 
roots lie further back into history), and the reader 
will soon realize that the Aristotelean logic of the 
traditional kind only amounts to a trivial fraction 
of the whole domain. Strictly, to construct a system 
of symbolic logic is not to build up a language so 
much as a skeleton of a language. The bones are 
clothed by the interpretation of certain signs: it is 
this process which leads to applied logic, because of 
the great variety of these interpretations. 

One of the objects of this discipline is to eliminate 
pre-suppositions—especially i in geometry—which have 
crept in unawares, for example, in the long history of 
Euolid’s parallel te. Another aim is the 
establishment of a powerful symboliam such as 
algebra enjoys. Numerous problems and examples 
are included. 

An application of deep interest is Woodger’s 
attempt to axiomize biology, possibly a major factor 
for the future development of biophysics. 


F. I. Q. RAWLINS 


The Use of Stereographic Projection In Structural 
Geolo 

By F. C. Phillips. Second edition. Pp. vii+86. 
(London: Edward Arnold (Publishers), Ltd., 1960.) 
16s. net. 

HE first edition of this book is well known to 

structural geologista and a new edition is to be 
weloomed. This concise and commendably inexpen- 
sive book provides geologists with a first-rate intro- 
duction to the subject. Dr. writes go clearly 
that what in some hands might be a formidable topic 
is reduced to enviably simple terms. The reader is 
first introduced to the principle of stereographio 
projection and is then shown ita value as a geological 
tool. Dr. Phillips has not made any major changes 
in the text and the new edition differs only in detail 
Recent advances are, however, 
noted and the bibliography has been 


The proof of the pu is in the , and Dr. 
Phillips aoe au ee state, as he does in his 
prefatory note to second edition, that “The osll 


for this edition proves that a concise account of these 
methods is an acceptable and useful addition to 
geological literature”. 

It is largely because of the work of Dr. Phillips 
that such methods are now more widely used by 
geologista than when this book first appeared. When 
a third edition is called for, a short review of some 
of the more interesting of recent applications of 
stereographic methods to tectonic syntheses might, 
in my opinion, be useful. J. Surrow 
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MICHAEL FARADAY AND THE EVOLUTION OF THE.CONCEPT 
OF THE ELECTRIC AND MAGNETIC FIELD* 


By Pror. L. PEARCE WILLIAMS 
Department of History, Cornell University, Ithaca, New York 


LL forms of human activity have their myths 

which serve for a time to codify and arystallize 
ideas and methods mto a tradition. When the 
historical condrtions out of which these myths have 
sprung are altered, however, the myths themeelves 
often linger on to challenge and bedevil futuro 
generations. 

The myth of Michael Faraday, the sirict experi- 
mentalist, is one of these. Its origms are, I thmk, 
fairly clear. The first half of the nineteenth century 
witnessed the creation of a whole host of new sciences. 
Chemistry, biology, electrochemistry, physiology, to 
mention only a few, were then erected into truly 
scientific disciplmes. The birth of a new science is 
almost invariably accompanied by enormous enthu- 
sisam. The new facts, or the new way of looking at 
old facis, which mark the beginning of a new 

stimulate waves of speculation m which 
the attempt is made to build overnight what generally 
takes decedos to achieve. Meny of these enthusiastic 


permite the critical examination of hypotheses and 
the separation of the whole grain from the straw. 
In the nascent stage, therefore, heavy emphasis must 
be put upon the foundations; no matter how 
beautiful or seductive s suggested superstructure 
may be, there will be enormous pressure to ignore it 
(and to discourage the actrvities which give rme to 
these speculations) and get on with the more 
immediate teak. Faraday wee midwife to ẹ number 
of such new sciences. His work on electrochemistry, 
electrostatic induction, electromagnetism, light, and 
the magnetic condition of matter mark the begmning 
of a new tradrtion in these studies. Fareday’s more 
conservative and leas-gifted contemporaries recog- 
nized his genius by depictung him as a foundation 
builder of unsurpessed skill. Here is the familier 
figure of Fareday the empiricist gently coaxing from 
Nature the new fects upon which others could erect 
general theories. Here I wish to modify this picturo 


by addmg a new dimension. Feraday, the layer of 


emprrical foundstions for new sciences, is known to 
all; I wish to introduce Michael Faraday as a master 
architect, to whom new facts were the raw materials 
for the construction of a theoretical edifice of startling 
beauty and symmetry. 

The concerns of the fleld to-day underlies the whole 
picture of modern physical reality. The phrase 
‘physical reality’ should Be streesed, for fleld theory, 
bristling with compheated mathematical equations 
end dealing with the strange ies of space, 
seams far removed from ordinary i of everyday 

ience. It also seems out of place when the 
jen is Michael Faraday, self-confessed mathe- 
matical illterate, and the epitome of self-taught 
common sense. Yet my purpose here ıs to indicate 

“Bvening discourse at the Royal Institution delivered on May 4. 


precisely how the idea of the fleld slowly emerged 
from Faraday’s considerations of the nature of 
meter and ita forces. As I shall attempt to show, 
the specific discoveries which earned Faraday immar- 
tality in the history of science—the laws of electro- 

i , the discovery of specific mductive 
capacity, the rotation of the plane of polarized light 
by a magnetic fleld, diamagnetiam—were the logical 
deductions from an overall theory which guided him 
in his investigations and culminated in the concept 


of the field. 
In a charming of a letter to his fmend 
Benjamin Abbott, Fated August 1, 1812, he recounte 


the following anecdote: “Bix or seven years ago 
whilst standing at the door of a gentlaman’s house 


began to consider on which side of the rail I was. In 
my mind I affirmed that the side possessing my head 
was my station for there was my perception, my 
senses. I had just sufficient time to ascertain this , 
when, the door opened and my nose began bleeding 
by the contact of the rail and such matter as that 
quickly put flight to my rude metaphymcs. Simple 
aa is this instance it did more in illustratmg this case 
to me than all the argumenta I have heard amoe on 
the subject, or all the affirmations that have been 
made”. 

This “rude metaphysics’ was later refined in dig- 
cussions with his friends from the City Philosophical 
Society, and Faraday seems quite early to have 

the main pointe of the view first put forward 
by Bishop Berkeley. In, essence, this philosophy 
rejected the idea of a separate ‘matter’ of which the 
geile ona qualities of bodies were properties. Where 
had stated that there was something (matter) 
which remained when all perceptible qualities had 
been stripped away, Bishop Berkeley insisted that 
reality consisted solely of these perceptions and that 
‘matter’ was a mere figment of the imagmation. 


YA 








Fig. 1 


‘latter phenomenon which intrigued him. Why should 
when 
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This philosophical pomt of view enabled Feraday 
to dtr Sea atomic doctrine which also jee 
m the world. In the eighteenih century 
Jesuit, Father R. oroas ak had: toe Gussie Paal 
reasons, rejected the ‘billiard ball’ atoms of New- 
tonian science and substituted point centres of force. 
Fig. 1 represents such an stom with its centre at O. 
opreg © elong OB, one follows the hyperbola 
of Newton's inverse square law to H, where the force 
becomes more steeply attractive. H marks the 
boundary between the macroscopic end atomic 
realms. From H to O, there are sbells of attrective 

ow OB) and repularve (above OB) force. From O, 

force becomes increeaingly repulsive so that no 
two point centres can ever coincide. Faraday himself 
pointed out in 1844 that this idea of an atom makes 
a mmimum number of sasumptions. We experience 
directly the atirective and forces of matter ; 
we never experience ‘matter’ without these forces. 
Thus, although seemmgly an extremely ebstrect 
concept, this theory of metter actually onds 
most directly with our experience of the worl 


law of definite proportions which the clumping of 
biat balls aoi ash sive. ee en 
explained changes of state, the 
ie oe ee las ee a ee 
chemical qualrties as the result of molecular form 
wrth considerable elegance. Faraday, it will be 
tire Dace and Devs wae Gar oe. Sr Hum- 
prey pail Ea Davy was a disciple of Bosoovich. 
ith Berkeley and pig en lites J the philo- 
sophical orientation, in 1881 Faraday began those 
in - Electricity” which 
re ee ee ee ene 
d. 


In 1881, Faraday discovered the induction of an 
electric current by a moving magnet, and almost 
immedistely after, by another current. It was this 


a current be produced in the secondary the 
current ceased in the primary? The particles (and 
by particles Faraday meant compounds of point 
atoms) of the secondary, he reasoned, must be in a 
ee ee T A 


needle. Such a state must be one of tension among 
the particles, the release of which created the observed. 
current. The state of tension Faraday called the 
‘electrotonic state’, and it was to take a centrel role 
in hia further investigations. 

The idea that a state of tension might be induced 
by electrical foroes among the constituent molecules 
of bodies provided a valuable insight into thé mech- 
anism of electrochemical decomposition. How and 
why the chemical componente of bodies in solution 
through which an electric current could peas should 
be separately obtained at the electrodes without any 
evidence of their i 


long 

le answer. As the electrical force waa applied 
at the electrodes, the compound molecules could be 
strained m tension between them until a certain 
critical point was reached. At that pomt the electro- 
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negative and electro-positive particles of the com- 


pound would break asunder and move m oppomte 
P where they would immediately meet with 


a jn’ opal. donina War Gea oeo cor, 


-stantly in chemical combination, to be released only 


at the electrodes. 
This scheme, by a number of clever 
, accounted satiafactarily for the observed 
phenomens. But rb also hed revolutionery implica- 
tions. Most important of these was the denial of 
action at a distance which had previously been 
invoked to explain ionic migration. 
force was trensmitted by contiguous particles and 
prove this, he argued that the 
uniform deposition of chemicel entities upon the 
electrodes indicated that the transmiesion of force 
was in curved Imes. This could not be reconciled 
with action at a distance, which ought to take place 
along straight lmes. He also hinted at a new ion, 


” of an electric current (to which, however, he refused 


to commit himself here). The mse and fall of the 
electrotonic state and the consequent transmission of 
ee Pee E T a 
the hypothesis of one or two electric fluids, which no 
one had yet succeeded in detecting separate fram 
le matter. The major weakness in 
Faraday's interpretation was the purely hypothetical 
existence of the electrotonic stete itself. He had 
deduced it from phenomena but had been unable to 
observe it. Ite mse and-collapse he felt was so rapid 
that the state was too evanescent to detect. This 
evanescence was due solely to the mobility of the 
molecules in solution. If the same particles could be 
immobilized, surely the electrotonic state could still 
be induced and then detected ! 

A piece of borate of lead which, when fluid, acted 
as an electrolyte, was used in the attempt to observe 
the existence of the electrotonic condition. When it 
was placed im an electrostatic field and polarized 
light paased thr xt, nothing happened. The con- 
clusion that F. y, “the strict empiricist’, drew 
from this was striking. He did not conclude that the 
electrotonio state did not exist but that: “notwith- 


position . or in the state of tension which is 
ed of 

might be to be retained in the solid form 

of the electro still it hag no power of affecting a 


polarized ray of light”. 

In spite of the experimental evidence, therefore, 
Faraday remained convinced that the electrotonic 
state did exist in solids. To relmquish this concept 
would plunge him back into the old confusion of 
‘electric fluids’ and action at a distance. With it 
oe ee ee ee 
move ahead into other ereas. jicular, ib pro- 
vided an important clue to the of electro- 
stetic induction. In this cage, as with electrolyms, 
the application of electric force set up a state of 


pomt 
tS debe Ge Garo et Ge dee 
is, a specific Inductive capacity should exist. 
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‘Again, the passage of electric force could be 
scoounted for without the iar Log of specifo 


The 
fundamental problem to be resolved was: Did 
electrostatic mduction, occur along straight or curved 
lines ? With infinite patience Faraday mapped the 
lines of inductive force and announced tri 


separate 

phenomens under the smgle law of mduction. The 
three separate cases of metallic conduction, electro- 
lytic conduction and disruptive he had 
shown were reducible to the degree of strain of which 
the constituent es were susceptible. Metals 
©, so the rise and collapse of the 
electro- 


lytic conduction depended on the strength of 
chemical affmity binding the particles together, and 
the collapse of the electrotonio state was accompanied 
by ionic transfer ; discharge took place 
when the highly icles, looked im their 
positions by the forces of solid cohesion, gave way 
wrth a map. T pach oaae moann Too e a 
duction, conduction was viewed as breakdown 
of the induced electrotonis state. ‘ 

By the end of 1888, after seven years of sustained 
experimental and theoretical effort and with the last 
brick in place in his theory of electrical action, 
Faraday’s health finally gave way. He was forced 
to rest, and only slowly did he recover his powers of 
concentration and the strength to begin a new series 
of researches. 

The new ing point was a fairly obvious one. 
He had shown, at to his own, satisfaction, that 
electrical effecta were the results of the action of 
contiguous particles and that electrical forces were 
transmitted in curved lines by means of these par- 
ticles. The next step was to find out if magnetic 
effects, so clearly involving curved lines of force, were 
not also dependent upon the deformation and tension, 
of contiguous particles. Faraday’s, reasoning here is 

the same as that used in the case of electro- 


pees through 

static forces could through non-conductors), should 

ee ee 
cles by which the force was tranamitted ? 
ee „had recourse once 

again t0 a ray of plano 

a pisos of Feary kad in a strong 

Tie oaks Case Of Gis ETE ohetoa Four- 

teen years after he bad first suspected ita existence, 

something akin to the electrotonic state had finally 

been detected. 


Bince bodies which permitted the electric force to 
work through them but were otherwise unaffected by 
electricity had been named ‘dielectrics’, Faraday 


to the magnetic forces. 
Coulomb had claimed in the 1780’s that all bodice 
‘were magnetic but, except for iron and nickel, so 
faintly so that any effect waa almost impossible to 
discover. By 1845, when Faraday discovered dia- 
magnotiam, most investigators had despaired of 
finding the effect suggested by Coulomb. With the 
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to Coulomb, diamagnetica should line up 
OAE Ge lines oh A tees ont aie ae 


Faraday had not anticipated this result (the only 
effect so far which had not been a logical consequence 
of his theoretical views) but it did not at first perturb 
him. As he with this new effect, 
obsarved the action of many different materials in 
the magnetic field and attem i 
observations within the old ork of the strain 
of combiguous icles, he met with serious obstacles 
which were tely to prove msurmountable. I 
cena, so line paon available haro, Gta in 

and turnings as he attempted to save the 
Eo pothinis whisk nad erved Win oo wall Instead, I 
must over-simplify the tale a bit but not, I think, 
with any risk of distortion of the main linea of the 
evolution of his thought. Let us look atthe next 
seven years (1845-52) in the light of three questions 
the answers to which ought to. be found, according 
ee eee 


diamagnetic (2) What 
kind of polarity should diamagnetics have ? (3) How 
and space be e 
fitted wihi the famework of the cheory of isle 
cular strain ? 
At first, Feraday felt that the transverse alignment 
of diamagnetica invo ee 
Diamagnetics can transmit the magnetic force only 
weakly ; if they are placed im media which can take 
a greater degree of strain, the effect would be to 


as magnetics but of a much feebler strength. When 
testa for polarity were made, however, another 
unforeseen result was found. ics had no 
polarity. If finely divided bismuth were sprinkled 
& sheet of paper under which a magnet was 
the only effect was the repulsion of the 
ismuth particles from the magnetio pole; there 
was no mutual effect of the bismuth particles upon 
one another. Mec with other teta could any Polarny 
be detected. 
Another difficulty was encountered when empty 
space was the medium. Iron pointed axially and 
Bosco- 


aea a oA ce dose AE S A TT 
distance—a clear contradiction. 
Finally, the behaviour of gases was irreconcilable 
with the molecular h Oxygen ig magnetio ; 
i to the theory of molecular strain, the 
oxygen molecules ought to be deformed and strained 
along the lines of force and the volume should 
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decrease. Bimilarly, the molecules of a diamagnetic 
ges should be repelled by the field with a consequent 
expansion of volume. Using extremely 

gauges, Faraday sought to 
failed. 


For seven years he came back again and again to 
these probleme, trying somehow to preserve the 
conjecture which had served him so well. Those who 
insist that Faraday was a strict who, 


specific researches and quickly discarded 

the resulta were forthcoming, should read his labor- 
atory journal for these years to see the hold that 
theory had over him. 

Gradually, however, he recognized that the facts 
could not be forced mto his hypothesis, = 
quietly abandoned ib as it applied to magnetism an 
diamagnetiam. -Iu 1852, he ed @ comekshle 
ee ee agazine entitled “On 

the Physical Character of the Lines of Magnetio 


magnetiam, but they are here i 
fulness. For many years he had spoken of lines of 
feos RAL Isiah Gr hin Oe heart he 


lines of molecular strain. We have, indeed, followed 


induction to the discovery of di 
1852, however, the physical basis of the strain had 
been eliminated. What Faraday would not eliminate, 


lmes of force themeelvee. That they existed inde- 
pendently of their means of detection—for example, 
iron, filings or a wire cuttmg them to generete a 
current-—-he felt must be admitted; that the action 
was not simply at & distance was indicated by their 
curved form. But he recognized the lack of a material 
carrier of the force. “I cannot conceive curved lines 
of force without the conditions of a hrysical exist- 
exist, it is 


particles, 
Bas A ben Gate econ ceo 
free from such material particles’. 

What a strange thing we now have—a strain with 
nothing to be strained. But wait, there is always 
that Aladdin’s genie of the nineteenth —the 
ether—to be brought im to solve all difficulties. 
Will not all diffloulties disappear if space be filled by 
a subtle ethereal fluid capeble of being strained by 
electric, magnetic and grevitational forces ? Faraday 
does say that a line of force “may be a vibration of 
the hypothetical aether, or a state of tension of that 
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A REPORT ON 


ER the will of Mr. R. W. Paul, who died in 
1948, a was pet up to administer the 
R. W. Paul Instrument Fund and to receive applica- 


~ tions from Britiah subjects who are research workers 


in Great Britain for grants for the design, construction 
and maintenance of novel, unuspal or much improved 
types of physical instruments and apparatus for 
investigations in pure or applied physical science. 
Since 9 ineption the Commision haa votod nowy 
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aether equivalent to either a dynamic or a static 
conduction”. But he also goes on to point out that 
“it may be some other state” difficult to conceive. It 
may be that Faraday suspended his judgment 
over the physical basis of the swain. I cannot prove 
that he did not, but there is some very tenuous 
evidænoe to súgot that he saw these lios ifi a tuite 
definite manner. 

In January 1855, John Tyndall noted in his disry ` 
“Heerd Faraday lecture. . Somo strange views 
of foroe—I think he deceives himself by attributing 
an objective existence to his mental images”. 

Let us go back to the boy with his head stuck 

the iron railings of a fence and asking on 
which side reality lay. Let us see the man accepting 
Berkeley and Boscovich and who would freely (after 
exhaustive empirical investigation) accept the ‘ob- 
jective existence’ of his mental images. What would 
he have replied had he been asked, “What 18 strained. 
in the lines of force if they i rei 
think he would have said, “Space itself”. Nor should 
this really come as & surprise. Whet, after all, are 
ee ee E eee 
some kind) in apace. Or, to put it another way, to 
ask for a physical sub-stratum to be strained ia 
equivalent to the demand of a material sub-stratum 
of force. Faraday had rejected the one; I think 
he saw no over-riding reason for not rejecting the 
other i 


What then was the field? I submit Faraday saw 
it as a strain in space. Matter, too, wes a strain m 
space but it differed from the magnetic, gravitational 
and electric field in that it was radial (or polar), while 
the field was linear. The interaction of these two 
baesio strains provided the fundamentel and universal 
laws of the universe. 

I cannot end without attempting to explam why 
Faraday did not come out bluntly and say that the 
field was a strain in space. The reason is, I feel, very 
simple ; he knew people would think him either mad 
or senile (as Tyndall hinta). The moredulity which 
greeted Eimstein’s statement of much the same thing, 
some fifty years later, after the existence of the 
ether had been conclusively disproved, can serve as 
` a rough mesesure of what Faraday would have faced. 
What Faraday left were the hints from which modern 
field theory has been constructed. To his contem- 
poraries, the hinta were the vapourings of an extra- 
ordinary mind which seemed to get lost in areas 
beyond the competence of a strict empiricist. It was 
more comforting to entomb him m a myth, than to 
follow his ideas to their revolutionary conclusion 
—modern field theory. 


INSTRUMENT FUND 
ITS ACTIVITIES 


£165,000 in respect of some forty-two instrumenta. 

An sooount of same of these was published in 1054 

oa 1); a survey of further mstruments constructed 
or bemg devised is given below. 

_ While any new instrument frequently has addi- 


according 
particular fleld of iivysinal instrument come from 
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e `y 
the following account does not mean that it would 


not be eligible for support from the Paul Fund. On ` 


the contrary, its absence from this account probably 
means that there has been no relevant application 
hitherto, and that such an application would have a 
good chance of support. 

. Astronomical interests have been 
the subjects of greanta made to Dr. B. V. Bowden, 
Prof. 8. Devons and Prof. R. O. Redman. 

Tho grant to Dr. Bowden at the Manchester College 
of Science and Technology was originally made to 
the late Dr. A. Burawoy ; it is bemg used to develop 
Dr. Burawoy’s ideas for large optical Alters with 
sharp transmission characterishos. These filters 
depend on the employment of organic compounds 
with better characteristios than dyes previously used, 
and are intended for use with telescopes of high 
light-gathering power. 

The grant to Prof. Devons at the University of 
Manchester has enabled an investigation to be made 
mto the design of a meniscus Schmidt camera for 
photographing emission nebule in Ha light in com- 
jonotion with narrow-band filters. The fact that the 


f{0-7. It is hoped to publish the design details. 
Prof. Redman is investigating the posmbility of 
using comparatively thin flexible mirrors for astron- 
amical telescopes. This would have the advantage of 
reducing many mechanical problems m telescope 


pes. Moreover, the smaller mags of the mirror 
would enable it to attain thermal equilibrium more 
quickly. It is propoged to support the mirror by air 
cushions to maintam rta figure as the telescope is 
rotated. The tal mirror will be of 86-m. 
aperture, and approximately l-in. thickness; tho 
Present investigation is concerned with finding a way 
such & mirror, and of 


been the development of multichannel spectro- 
scopy using a Michelson-type interferometer. This 
development, which was initiated by Dr. P. B. 
Fellgett*, has since been extended by many other 
workers, and is an important addition to spectro- 
acopic techniques for use with weak sources such aa 
occur in astronomy and in far infra-red Investigations. 

Nuclear and atomio physics. In nuclear and atomic 
physics, grants have been made to Prof. B. Bleaney 
and Dr. H. G. Kuhn, Dr. J. Moffatt, Mr. R. M. 
Sillitto and Prof. D. Gabor. 

The first of these grants has facilitated the-con- 
struction by Dr. G. K. Woodgate of an atomic beam 
magnetic-resonance & as" which has been used 
to measure the h e structure of the onr 
state of radioactive silver, "1 Ag. More recently, the 
apparatus has boen used to develop a new method 
for measuring nuclear_ o momente direvily*, 
and by this method it has become possible for the 
first time to measure the magnetic moment of & rare- 
earth nucleus. Such experiments have been done on. 
the stable isotopes of europium. ‘ 

The grant to Dr. Moffatt, made to Dr. 
oe ae ee be 
ov radiation detector for 100-MeV. 
gamma-rays. A crystal of thallous chloride, 12 cm. 
long and 9:5 om. in diameter, grown by the U.S. 
Army Engineer Laboratories at Fort Belvoir, haa 
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boon used as the Cerenkov median. “The resolution 
(approximately 30 per cent) dogs ‘not compere with 
that of a pair spectrometer,” but the very high 
oicienoy oT daoo nach tor myestasine Bigh- 


ey pooto scattering. 

M. Sillitto has constructed a 30-channol 
Pulee-height analyser using transistors and cold- 
cathode ‘Dekatron’ counting tubes, and Prof. Gabor 
has built a new type of Wilson chamber. This uses 
a resonant cavity in which an electric field, vary near 


the sensitive phase of the chamber. The microwave 
peaks, twice per cycle, 


mto ion pairs inside a half-cycle, and produce periodic 
thickening of the tracks. This principle enables 
time-marks to be applied to the particle tracks et 
intervals of 1-67 x 10>* sec., and this promises to 
give direct measurement of the velocity of per- 
ticles in the Wilson chamber and thence their 
masaes. 

oe ee Grants have been made for 

o purposes to Sir Charles Dodds, Dr. 

. M. B. Walker and Prof. R. V. Jones and Dr. A. H. 
Holbourn. 

With the first of these grants a new flame 
photometer has been, demgned and constructed by 
Mr. R. L. Warren at the Courtauld Institute of Bio- 
chemistry, London. It is to be used for estimating 
trace metals in biological material. As an example 
of the high sensitivity achieved, less than 4 x 10 gm. 
of strontium can be determined. Details will be 
published shortly’. 

Dr. Walker, at the University of Edinburgh, is 
developmg a high-speed oo microspectro- 
photometer to facilitate the analysis of biological 
rolls or iausi dropleta of the order of 10u” volume. 
One of the problems in these applications is that the 
distribution of the material m the specimen is non- 
uniform ; moreover, in the biological application it 


‘integrate the absorption of a specimen which can be 


resolved by the microscope, and at the same time to 
allow the limite of the integrated area to be accurately 
and quickly defined by the operator before measure- 
ment begins. 

Dr. A. H. Holbourn, at the Universtty of Aberdeen, 
is constructing & ruling engine for 8 om. x 5 om. 
diffeaction peat The spacing of the lines in the 
grating is controlled by connecting the grating blank 
to the movable mirror of a Michelson interferometer. 
In the short lengths of gratings so far ruled there are 
no periodic errors, and random errors in line position 
are leas than 2 x 10 om. 

Image devices. One of the most interesting develop- 
ments in observational ee ig the 
production of varjous of image ices. this 
Pci pret Lege toa Ae to Erol G. F. J. 
Garlick, Dr. H. H. Hopkins, Prof. J. D. MoGee and 
Dr. O. N. Smyth. 

Prof. Garlick and Mr. M. Springford, m the 


University of Hull, are investigating physical prob- -~ 
tensiflers. - 


lems in the design of solid-state image in 

factors have been found to 
lie in the photoconductor of the device. 
Attempts are being made to produce cadmium sul- 
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phide and selenide layers of cad sensitivity (especially 
to X-rays) and with more rapid rosponse than existing 
materials. Stacked amgle crystals have bean success- 
fully used in combination with eleotroluminescent 
layers, but a more easily manufactured form of 


scanning fibroscope for ing optical images 
without usmg lenses. The element of the system is 
a composite glass fibre, the core having a high 
refractive index and the sheath a low one. The 
fibres are assembled into flexible bundles, and light 
felling on the end of any one fibre is tranamiited to 
the other end of the bundle. Simcoe the relative 
positions of the individual fibres are made the same 
at both ends of the bundle, an image incident on one 
end is reproduced at the other. He iy i ne 
required, the bundles cen be fused together, giving 
SAGER GE law nA clasa tea verwod by din Lich aides 
fibres. In this form the device can be used es an 
ext window for an image intensifier, the phosphor 
being on the inner side of the window, and a photo- 
phic plate being in contact with the outer surface. 
fa prinoiplo, this technique can be used to give a 
large angle of colloction of light without the use 
ioe Flexible bundles can be used for medical 
end industrial endoscopy 

Prof. J. D. MoGes, also at the Imperial College, is 
investigating the problem of an image intansifier for 
X-rays. After examining the use of a television-type 
*tube in which the photoconductive target is replaced 
by one highly sensitive to X-rays, Prof. McGee 
epee ee 2 Bona ee ee 

a high-gain image imtensifler capable of detecting 
singlo photo-electrons. This image intensifier is then 
usod io intensify iho Light coming fom a oonvon: 
tional X-rey fluorescent screen. pe ee 
on.the quality of pictures would then by the 
fluctuations in the X-ray quanta absorbed ae the 
screen. Development of several eae ace 
intensifier was carried on .by Prof. "6 gro 
and one of these, developed by Dr. Wilcock, 
Eimberson and Mr. Weekley, has recently approached 
the high performance required. 

Another form of image devicd is the ultrasonic 
aii vig e prototype has been built 
by Dr. Smyth. The instrument enables a picture of 
internal flaws end structural details m a body to be 
presented on a cehode-ray screen. The body is 
irradiated with ultrasonic waves, and the energy 
scattered by inhomogeneities is focused by a plastio 
lens on to a quartx plate which constitutes the end 
surface of an electronic image tube. The piezo-electric 


signal derived from the beam is made to give a visible 
image by normal television techniques. The proto- 

image has a field of 2 aq. om. with 1,000-point 
resolution, and work is now ing to moreagse 
both the size and quality of the picture. The 
instrument could have epplications im the in- 
ee O reece ae 


human body. 

Microwaves. Although the development of micro- 
Ere ee eee ee ee bere 
twenty years, there remain substantial problems in 
connexion with power measurement at microwave 
frequencies, ear m ET the one f of waves of still 

former connexion, 
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grants have been made to Prof. H. M. Barlow, ct 
University College, London, and Prof. A. L. Cullen, 
av Sheffield. 

Four mstruments have been developed at Univer- 
sity Cola ing for their action on mechanicel 
forces by the electromagnetic fleld end fur 
their calibration in langth, mass and time only. These 
instruments provide reliable standards for microwave 

measurements over & wide range of values 

in the 8-cm. and 8-mm. wave-bands. The 
8-mm. wattmeter employs a resonant cavity, and 
appears to be the first instrument capeble of absolute 
power measurements m the millimetre wave-band. A 
fifth instrument depends for its operation on the Hall 
effect produced in a small piece of semiconductor 
arbusted in en electr field. A satisfectory 
instrument has been developed in the 7-5-om. and 
3-cm. wave-bands for powers of the order of a few 
hundred milliwatte*. 

Prof. Cullen’s work with Mr. M. J. de Belm ct 
Sheffield is an extension of the work’ which Prof. 
Cullen was doing under the Paul Instrument Find 
grant at University College, and is concerned with 
the detection of microwave power at the level of 
microwstte or leas. The measuring technique uses 
the fact that electromechsnical forces such as radia- 
tion pressure and electrosiriction depend on the 
square of the amplitude, eo thas if 


fluctuating at the frequency frfa. It is proposed to 

use a quarts Tibron, resonent st this difference 

frequency as the sensitive element; piezo-electric 

voltage developed by she crystal will provido tho 
ut of the mstrument. 

techniques. The development of physical 

dating techniques has been by grants to 

. S. O. Curran end to Dr. E. T. Hall. 

Dr. Curran, of the Royal College of Science and 
Technology, Glaagow, had as his objective tho 
development of a very sensitive proportional counter 
attention to the 


detector is offectively wall-lesa. In this way the dis- 
turbance due to pensirating radiation interacting 
with the walls is reduced to almost negligible values. 
A background-ra‘e as low as 0-4 count per min. 
litre of effective volumes has been achieved, of 
this more than half is due to the unavoidable mter- 
action of penetrating radiation with the gaa filling. 
The peste ag i rejects all extrancous 
Wore arate cent certainty. The system hes 

shown, to suitable for the exammation of 
very ancient specimens’, and at the same time i haa 
been, established that it will have application to other 
investigations such sa the measurement of L/K- 
capture ratios’. 

The work supported by the Paul Fund and being 
done by Dr. E. T. Hall ab Oxford is concerned with 
the remanent magnetiam in baked clay, which cen 
be used to obtain geophysical information about the 
Harth’s magnetic field im archeological times and 
also. conversely to date archmological samples of 
unknown age. A spmning magnetometer suitable for 
use with large samples (up to 18 m. in dimension) has 
been, constructed ; the of rotation is limited to 
800 r.p.m. to avoid risk of damage to valuable 
specimens, and the first application of the instrument 
has been to the Chinese Yueh vases. These were 
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baked in an upright position and retam  ‘ Fellgett, P. B., A propos de la Théone du o Inter- 
the contemporary angle of dip. In the same labor- cine Ue forceps teeter Sune 
atory the construction of a fully automatic gamma- Rota at Interférentiells”, ealon du ONES. 


programmes of neutron activation analyses of early 
Greek silver coins and Roman pottery”. Because 
the technique is entirely non-destructive, it has been 
possible to analyse some 500 coins, probsbly more 
than the sum total of all archeological com analyses 
done by other methods. 

Information about applicetion for grants from the 
R. W. Paul Instrument Fund can be obtained from 
the Assistant Secretary, Royal Society, Burlington 
House, Piccadilly, London, W.1. 
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CONTENT OF CÆSIUM -137 AND (ZIRCONIUM + NIOBIUM) - 95 
-~ ‘IN SWEDISH SOILS 


By KERSTIN LOW and K. EDVARSON’ 
Research Institute of National Defence, Department 4, Stockholm, 80 


R determining the accumulated fall-out deposit 
on. the ground, ;-spectrometric determination of 
fission products in the surface layers of soil seams to 
have distinct advantages compared with other 


methods'?. Evaluation of the deposit from measure- - 


ments of activity in precipitation has a disadvantage 
in that the sampling efficiency of the collecting device 
differs from that of the ground, and further makes it 
necessary to add up contributions from a number of 
samples, which, in the case of -lived components, 
tions of the fiesion-producta in soil are rather time- 
consuming and involve difficulties as regards determ- 
ination of the chemical yields. -spectrometric 
determination of a nuclide in soil is poesible if it 
haa a y-line well resolved from other y-lines and with 
an intensity comparable to the natural ;-activity of 
the soil. In this article, measurements on soils 
sampled in Jime 1950 are reported. In this case it 
was posible to determine cmsium-187 and xirconium 
+ niobium-95. 
The samples were taken on June 10-12, 1959, on 
not cultivated during the past five 
years at two latitudes across the country, 60°N. 
and 68° N. respectively (Fig. 1). As it was of interest 
to correlate the deposit wi Te ae ae 
tion, the samples were collected in the immedi 
vicinity of weather stetiona. At each site three cores 
with an area of 820 om.* and a depth of 10 om. were 
taken at a distance of a few metres. The cores were 
out in four layers with a thickness of 2-5 om. each. 
The vegetation was included in the top layer. After 
drying at 110° O. the corfésponding layers from the 
three cores were thoroughly mixed. Due to the 
different soil characteristios, the volume of these bulk 
sample varied between 1-5 and 3 litres. The y- 
spectrometric determinations were made with the 
apparatus already described? (10 om. x 10 om. 
sodium (thallium) iodide-detector and 70-channel 
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Kicksorter). The sample container had a volume of 
1-0 litre and the measured samples thus corresponded 
to an area of 850-700 cm.*. In five cases a duplicate 
determination on different parte of the bulk samples 
‘was made. The bottom layer was assumed to contain 
no fission product y-activity, and ita spectrum was 
used for the subtraction of the natural activity oon- 
tribution in the of the two upper layers in 
the manner y di 3. As it was found 
that the fission-product activity in the 2-5-5 om. 
layer was much lower than in the top layer, it was not 
considered necessary to measure the 5-7-5 om. layer. 

The resulta are summarized in Table 1. When 
reoal ing the xirconium + niobium-95 values to 
the sampling date, a half-life of 65 days has been used, 
as the latest probable origin of the activity is the 
tests in the autumn 1958 and thus a transient equili- 
brium between zirconium and niobium-95 oan be 
assumed. A determination of a sample from Bergen, 
Norway, taken in November 1959, is also included. 
(This sample was kindly provided by Mr. T. Hvinden 
at the Norwegian Defence Research Establishment.) 
` The random errors in the measurements are estim- 
ated as 8 per cent for zirconium + nicbium-85 and 
7 per cent for owaium-137 in the top layers. For the 
2-5-5 om. layers, the absolute random errors are of 


the same order of magnitude, thus gi a total 
Pdr? ote a ee iota oF os ete 


on each location of 5 per cent for xirconium + 
niobium-95 and 10 per cent for ceaium-187, There 
e might further be an error due to incomplete mixing 
of the bulk samples. The differences found between 
duplicate samples indicate that this error is oon- 
siderably less than 10 per cent. Apart from the | 
random errors there is a constant systematic oalibra- 
tion error of < 10 per oent. 

- As the half-life of ceatum-137 is long, compared with 
the period of fall-out from nuclear explosions, the 





NATURE 


737 


100- 





1,000 
Precipitation (mm.), Jan. 1, 1985, to sampling date 
Fig. 2 


deposit of this nuclide representa the accumulated 


8,000 6,000 7,000 9,000 


fall-out since the beginning of nuclear testa. 
The deposit of xiroonium -+ niobium-96 (half-life 
65 days) will mainly originate from recent testa. In 
the present case it could be assumed‘ that almost 
‘all the zirconium + niobium-95 deposit originated 
from the tests carried out in the autumn of 1958. 

If it is assumed that tho fall-out is a function of the 
precipitation, it will thus be of interest to correlate 
the cmaium-137 deposit with the total precipitation 























Table 1 
Sampling Date of measurement Oe-137 (me.fikm.*) Tie T 2) Papia tio Taa o EAT toss to 

it (2) (3) at June samping dato San: 7c date 
rn ee 87 0 43 m 352 4,780 + 624 
2 17.9 2 1,15-6 16 aie 107 100 2,300 263 
3 17.9 us 13 A 19 pa: 103 97 2,150 287 
4 28.8 1 8 14 a (e3 2,180 2765 
5 18.8 a i 14 a T9 2,200 273 
- 6 18.8 as u 33 5S 2,240 t2 
> 17.8 19 6 19 105 100 2,510 302 
8 20.8 oe 19 113 122 2,630 404 
9 18.0 1? S 21 aa 114 3,050 480 
10 20.8 180 19 119 130 2,500 850 
11 20.8 210 2 108 118 2,970 392 
12 21.8 aa 20 n 103 2,010 447 
18 10.8 re 26 u 154 2,730 306 
14 22.9 u 4,189 18 os 28 26 2,340 381 
15 16.9 ae 14-3 16 10094 100 2,270 284 
16 10.0 ee #3 sa 97 2,550 Hi 
Bergen 8.12 76, 87, 87 oz 581, 001, 574 646 9,100 — 

8,909.9 74, 54, H 














ppp valuo.is tho activity in the 0-2-5 om. 


layer, the lower the activity in the 2-5-5 om. layer. The sum is given 


were taken during June 10-12, 1989, the sample from Bergen in November 1069, 


š 


3 


8 


- (&troonfom -+ niobhim)-95 (mo_/inm,") at June 12, 1050 


t 
t 





ae 
Sates tain) Fee 1, 1058, to sampling date 
i Fig. 3 ; 


100 200 300 500 600 


sinoe . the of considerable global fall-out, 
aad ie nian + wera 06 with the 
precipitation since the autumn, 1958. 

As can be seen in Figs. 2 and 3, a strong lmear 
relationship seems to exist between cwsium-137 
deposit and precipitation (p = 0-99 with the 95 
per cent canfidence limit 0-95 and 1-00), whereas the 
xiroonium + niobium-95 values are more scattered 
(p = 0-74 with the 95 per oent confidence limits 
0-35 and 0-90). In the case of zirconium -+ niobium- 


irregulariti 
niobium-95 values are not grein) Taite 
variations in the ifio Poe aT of precipitation 
have been observed between samples taken simul- 
taneously at different locations’, and such variations 
will be reflected in Fig. 2. Co ing variations 
in the case of ceaium-137 will be levelled out because 
of the long period of accumulation. Of course it is 


Prof. Max von Laue, For.Mem.R.S. 
Pror. Max vow Lav, former director of the Fritz- 


Strassburg, 
he ceric eS Takhar a Aet 
lectures. Those were the determming factors which 
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Fig. 4 


' 
also quite possible that the variations in the specific 
cæsium-187 activity in precipitation are smaller. 
Tf the values for Bergen station 1 are exoluded 
the mean value of the cæsium-187 deposit is 18-7 
moc./km." and the standard deviation is 3-5 me. /icm.*. 
ing Lge pees values vary within + 


country. 
Peirson hea recently published 's corresponding 
ing the deposit in the United Kingdom 


on` les taken during the summer, 1959. In 


sete of values can be detected. As the latitude of the 
British sampling sites is 50-55° N., while the Swedish 
sites are at 60-68° N., this concordance is of interest. 
For the selection of sampling sites and for carrying 
out the sampli we are indebted to Dr. L. 
Fredrikeson ab Royal Agricultural College, 
Ultuna. oe 
ra | 
Gustafson, P. F., Seience, 187, 1240 (1058)7~7 
Low, K, and Bdvarson, K, Natures, 183, 1104 (1989). 
Peirson, D. H. and L, Ni 1078 (1089) 
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an officer in the Prussian Army. In 1899 he moved 
to Gottingen, where he came under the spell of David 
Hilbert, whom he regarded as Bs probably the ener 
genius he ever met in his However, it was 
Ce ae ee 
matical methods to ph; v. Laue became a 
theoretical physicist, aites a dhort intertads in 
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Munich—short, because Boltxmann’s chair was still 
vacant and there was no one to teach theoretical 
physics—he went to Berlin. It is likely that during 
these years, 1902-4, the were laid for 
the discovery which, ten years later, brought Laue 
world fame and a Nobel Prize im Physice. 


iis Ga taste Gr Ae cls GF Grae: 
Laue remarked that during these formative years he 

acquired his ‘optical instinct’? which stood him m 
such good later. The subject given to him by 
Planck for his dissertation was ‘Theory of Inter- 
ference on Plane Parallel Plates”. 

Laue became the devoted pupil of Planck, and 
Berlin his spiritual home. E T Ta 
postgraduate work in Göttingen, he returned in 1905 
to Berlin as lecturer and as Planck’s assistant. It 
was Einstein's annus mirabilis. Laue’s early work on 


of relativity (1910)—the first ever 

to another on the general theory of relativity. 
In 1909, v. Laue moved to Munich, and it was 

there, in 1912, that he made one of the greatest and 

discoveries of our own age, the 


9ftmoep i 

favourable for this discovery 
still actine, and A. Sonteri ad, a fem bellows in the 
wave nature of X-rays, had succeeded Boltzmann. 
Sommerfeld’s influence acest. physics through 
his own research and his teaching was probably 
greater than that of anyone else. Also in Munich wes 
i ogist, continuing the 
, who in his time had 
contributed greatly to the theory of orystals. There 
waa, too, young P. P. Ewald seeking advice on wave 
optica, whose work suggested to v. Laue the idea of 


) expect; 
and find, diffracted rays on | the phoeni plate. 


three-dimensional grating such as he proved to exist 
in the regular arrangement of atoms im crystals. 
Max von Laue’s discovery was made “by the sheer 
power of believing more concretely than anyone else 
in the accepted theory of crystals and X-rays. These 
advances were no lees bold and hazardous than were 
the innovations of Copernicus, Planck or Einstein” 
(M. Polanyi). 

It is impossible to describe shortly the consequences 
eee ee ee 
branch of science. This door, opened in 1912, is still 
wide open nearly fifty years later. Only recently the 
results have been described in Nature of fundamental 
eee A aa E 
been poemble but for the historical « 

Munich. Bir Lawrence hinaf to 

X-ray analysis only, e ra ceed T 
the advances in the determination of crystal struc- 
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tures in a volume dadicated to three octogenariana— 
Lise Meitner, Otto Hahn and Max von Laue. v. 
Laue himself was never interested in developing his 
discovery mto a tool for orystal structire analysis ; 
instead, he followed the couree of developing the 
optical background of K-ray diffraction, work which 
is recorded in the various editions of his book, 

“Réntgenstrabl Interferenzen”. 

After a short spell as professor in Zurich and 
Frankfurt, von Laue returned to Berlin as professor 
of theoretical hysics and co-director, with his life- 

T gece of „the Kaiser -Wilheln- 


of the Frriz-Haber-Institut. Well over 200 papers, 
on almost every aspect of theoretical physica, and a 
number of books—among them a short history of 
physics—were the result of his work. However, in 
spite of his lively interest, he never contributed to 
the development of machanicsa. He shared, 
with his friends Planck and Einstem, certain reserva- 
tions towards ite final consequences. 

Berlin, after the Firet World War and before 1933, 
had become one of the centres of learning. 
A regular aciemtific event was the ‘Laue Colloquium” 
at the Physics + in Reichstagsufer, un- 
forgettable to anybody who had the good fortune to 
attend it regularly. Every week, and under the 
chairmanship of v. Lana, there took place a gathering 
of eminent men of science, of those who later became 
eminent, and of everybody else interested in new 
developments of phymcs. Planck, Narnst, Einstein, 

, Lise Meitner, R. Ladenburg and, later, 
Debye and Q. Herts all attended regularly. Among 
those who cams to great eminence later on were F. 
Simon, J. von Neumann, L. Bedard, E. Wigner and 
F. London. It was a very democratic institution, and 
everybody wea allowed to ask questions, intelligent 
and, sometimes, silly ones. All this, and the spiritual 
values of this period, came to an abrupt end in 1938. 
The material dsstruction which followed during the 
War was a direct consequence of the political events 
of 1983. It was during theee fateful years that von 
Laue showed the greatness of his personality. He 


po el nee ee a fighter for 
truth and i against tyranny and the evils of 
a wicked regime. waa probably the only member 


of the Academy who launched a solemn protest 


began, and it was decreed, mainly by obscure men, but 
unfortunately also by two great physicista, who 
sprang out of oblivion, that Eimstein’s and other 
ewish physicists’ names and work must in future 
be ignored. Agsin, it was Laue, at a meeting of the 
German Physical Society (Wurzburg, Se 
1933), who lied spo to an by 
Johannes Stark on the role and taak of physics in 
the Third Reich. Laue reminded the audience that, 
almost exactly 300 years before, Galileo was forced, 
Be et ee ee 
his doctrine. He peasionstely s ed to the 


wissenschaften, 

quences for v. Laue had not the Gestapo been afraid 
of the reaction of the civilized world to the per- 
section of the man who dared to say: “Just as 
Themistocles has become immortal as the victor of 
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Salamis, and not as the conqueror of the Persian king, 
Fritz Haber has become immortal by his scientific 
work”. 

During thé War, v. Laue became somewhat of a 
recluse. His only son was safe m the United States 
studying history. His house, where he lived with his 
wife and daughter, was visited by a handful of 
friends who thought as he did, by the sons and 
friends of Dutch and Norwegian scientists sant as 
slave workers to Germany, by French prisoners of 
war and many more who needed his help or advice. 
In 1941 he went with half a dozen friends to the 
derelict Jewiah cemetery to pay his last respecta to 
his old friend, Dr. Arnold Berliner, founder and, for 
twenty-five years, editor of Die Naturwissenschaften. 
Berliner had been forced to resign by the Nazia, and 
had committed suicide rather than be expelled from 
his home and sent to a concentration camp. Oarbon 
copies of the obituary Laue wrote were sent to 
several of his friends for safe ing, and published 
after the War. v. Laue never the slightest doubt 
that Germany would loge the War. In 1943 he was 
seriously rebuked by the Nazi Minister of Education 
for mentioning Eimstei’s name in a lecture. In reply 
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to this, he published shortly afterwards a 
“Em relativistischer 
Verschisbungagesetz’’. 

When, the end of the War came, v. Laue was in 
Hechingen, where the Institute had been evacuated. 
With a team of German atomic scientiste, known as 
the ‘Uran-Verem’, v. Laue was sent as a ‘prisoner’ 
to England. Naturally, v. Laue wae not ‘trustworthy’ 
enough to have become a member of this team, and 
in any event he would have refused his co-operation. 
Some of the letters he wrote to friends at this time 
about. the reaction of his colleagues to Hiroshima, 
and their subsequent discussions on the atom bomb, 
are carefully preserved documents of great historical 
interest. 


F peper, 
Beweis fur das Wien’sche 


Returnmg to Germany, he put all his efforts mto 
rebuildmg science. In 1946 he was, with Max Planck, 
the first German to be invited to England. He 
received many honours and was elected a foreign 
member of the Royal Society in 1949. His ashes are 
buried at i cemetery beside the graves of 
Walther Nernst, Adolf Windaus and Max Planck— 
four members of a great period of science in Germany. 

P. ROSBAUD . 


NEWS and VIEWS 


Botany at Adelaide : Prof. R. N. Robertson 

Pror. R. N. ROBSETSON, who is to succeed the 
late Prof. J. G. Wood as professor of botany m the 
University of Adelaide, graduated from the Univer- 
aity of Sydney in 1934. In 1936, he went to St. 
John’s College, Cambridge, as a Scholar of the Royal 
Commission for the 1851 Exhibition. After graduating 
with a Ph.D. degree in plant physiology, he joined 
the lecturing staff of the University of Sydney in 
1989. In 1046 he joined the Commonwealth Scientific 
and Industrial Research Organization, in which he 
afterwards became a chief research officer and is now 
a member of the executive. With Prof. F. V. Mercer, 
he founded the Plant Physiology Unit, which is run 
jointly by the Department of Botany, Univerarty of 
Sydney, and the Organization’s Division of Food 
Preservation and Transport. Durmg 1958-59 Prof. 
Robertson was a visrting professor in the Department 
of Horticultural Science of the University of Cali- 
fornia at Los Angeles. His research has bean con- 
cerned with problems of salt accumulation and 
respiration in plant cells and in plant mitochondria. 
In addition, he has carried out work on the develop- 
mental physiology of fruite with special reference to 
respiration. Beoause of his commitments to the 
Commonwealth Scientific and Industrial Research 
Organization’s Executive, Prof. Robertson will not 
take up his duties in Adelaide until the inning of 
1962, and in the meantime Dr. H. B. 8. Womersley 
has been appointed ag acting-head of the Department. 


International Meteorological Organization Prize : 
Prof. J. van Mieghem 
Tua Executive Committee of the World Meteor- 
ological Organisation has this year awarded the 
annual prize paid for from the funds left to it by the 
International Meteorological Organization to the 
eminent Belgian meteorologist, Prof. J. van Mieghem. 
The prixe consists of a gold medal, 1,200 U.S. dollars 
and a diploma. Prof. van Mieghem is chief of the 
service for theoretical and experimental serology of 


the Royal Meteorological Institute of Belgium. He 
is also professor of meteorology in the Free University 
of Brussels and chairman of the Belgian National 
Centre for Polar Research. In ite selection, the 
Committee takes into account both scientific emmence 
and the record of work done in the fleld of mter- 
national meteorological organization. Under the 
first heading, Prof. van Mieghem is a mathematician 
of the first order, who has published about a hundred 
papers on the dynamics and thermodynamics of the 
atmosphere, with the subject of energy transfurma.- 
tions as his major field of research. His contributions 
to the international organization of meteorology are 
algo very large. Ho was president of the Technical 
Oommismon for Aerology of the World Meteorological 
Organization during 1951—57, -and in the Inter- 
national Union of Geodesy and | hysics he has 
been secretary (1948-54), vice-president (1054-57) 
and president (from 1957) of the International 
Association of Meteorology and Atmospheric Physics. 
Probably his major work in this sphere, however, was 
ag chairman of the World Meteorological Organization 
Working Group for the International Geophysical 
Year and representative of the Organization on the 
Special Committee for the International Geophysical 
Year. . 


The Swinburne Medal of the Plastics Institute 


Tue first award of the Swinburne Medal of the 
Plastics Institute has been made to Prof. G. Gee, 
professor of chemistry in the University of Man- 
chester, for his outstanding contributions to the 
advancement of polymer chemistry. Prof. Gee will 
deliver his Swinburne Address at the Royal Institu- 
tion on Thursday, February 16, 1961, when he will 
be presented with the Gold Medal and the sum of 
money which accompanies the award. Tho award 
was instituted in 1959 to commemorate Sir James 
Swinburne, who died at the age of a hundred m the 
previous year; it has been generously endowed by 
Bakelite, Ltd. 
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Editorship of Discovery: Mr. S. E. Gamareklan 

8. Epwanp Gamanexran has bean appointed 
editor of Discovery. He carried out research and 
development work at the General Eléctric Company’s 
Laboratories in Schenectady, New York, for many 
years and lectured at Rutgers University, Rensselaer 
Polytechnic Institute and the Georgian Institute 
of Technology. He later became the scientific corres- 
pondent for The Washington Post and recently came 
to Britain to report on scientific developments for 
The Guardian during a three-month exchange of 
science correspondents between the two newspapers. 


Recovery of Capsules from Discoverer Satellites 


Tau first success in retrieving an object which had 
returned to Earth after being in orbit in space was 
achieved on August 12, when the re-entry capsule 
from the United States satellite Discoverer 13 was 
recovered from the North Pacific. Discoverer 13 
(1960 6) was launched from Vandenberg Air Force 
Base, ifornia, at 20h. 40m. U.T. on August 10, 
and entered an orbit inclined at 88° to the equator. 
Its height varied between 260 km. at perigee and 
700 km. at apogee, the orbital period being 04-1 min. 
Beventeen revolutions later, the re-entry capsule was 
detached from the main body of the satellite when it 
was travelling south near the Aleutian Islands, and, 
after ita had been substantially reduced 
by a retro-rocket, ib descended through the atmo- 
sphere. In the last few miles of ita descent it was 

e further retarded by parachute and was finally 
recovered from the sea north of Hawaii. It was 
found to have withstood well the heating encountered 
during its descent. On August 19 there was successful 
recovery of a second capsule, ejected from the satellite 
Discoverer 14 (1960 x), which was launched at 19h. 
58m. v.r. on August 18 into an orbit similar to that 
of its predecessor. On this occamon the capsule, which 
weighed 85 Ib., was intercepted during ite final 
parachute descent, being caught by an aircraft at an 
altitude of about 10,000 ft. over the north Pacific. 


The Satellite Echo | (1960 2) ? 
Tun first successful balloon-satellite was launched 
from Cape Canaveral in Florida at 08h. 40m. U.T. on 
August 12. The satellite, known as Moho 1, consists 
of an aluminium-coated plastic sphere 100 ft. in 
diameter, which was inflated at high altitude. Its 
orbrt us mclined at 47° to the equator, with a period 
of revolution of 118-2 mm. initially. The orbit is 
nearly circular, the height being 1,530 km. at perigee 
and 1,690 km. at apogee. The satellite, which is 
designated 1960: 1, is accompanied in orbit by its 
final-stage rocket (1960: 2), and three other frag- 
ments. The main purpose of the satellite is to act 
as a reflector for radio waves, and many trans- 
satellite. It thus serves as a first step towards a 
world-wide communications system which would be 
independent of ionospheric disturbances. The satel- 
lite is also admirable for optical tracking, and during 
ita first week in orbit was easily visible from most of 
the northern hemisphere, as a slow-moving object of 
stellar magnitude zero. ‘The satellite should also 
yield the first information on air density at heights 
above 1,000 km., and evidence of ita behaviour under 
the impact of meteorites is awaited with interest. 
Australia’s Second Atomic Reactor 
AUBTRALIA’s second atomic reactor is to be called 
by the aboriginal name of Moata. This is the first 
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in the world to bear s tribal name. The name Moaia 
is used by the Ngerikudi tribe in Northern Queens- 
land to describe instruments for making heat or 
‘native firesticks’. Moata, an Argonaut type of 
experimental reactor, is now under construction at 
the Advanced Technology Laboratories at Mountain 
View, California, and will be installed at Lucas 
Heights early next year. 


Information Centre for Food Irradiation 
Ax international information oentre for food 
irradiation has been set up as a result of a contract 
igned between the European Productivity Agenoy 
of the Organisation for European Economic Co- 
operation and the Centre d'Etude Nuoléaires at 
Saclay, France. M. Pierre Lévèque has been appointed 
director of the Centre, which will be set up at Saclay. 
The functions of the Centre include the preparation, 
publication and distribution of a quarterly inter- 
national newsletter on food irradiation in both 
English and French. The Centre will also serve as a 
point of contact between scientists, food techno- 
logista and the government and industrial circles 
interested, and will encourage closer international co- 
operation in the development and application of 
in the fleld of food irradiation. The 
contract, which has been signed for an initial period 
of two years, provides for the payment by the 
sponsoring bodies of a sum of $2,000 new francs to 
cover printing and translation ooste and other 
incidental expenses of the Centre. It is hoped that 
the work of the European Information Centre for 
Food Irradiation will encourage investigation and 
research and promote the successful industrialization 
of the results obtained. 


Bibliographies on Technical and Vocational Educc- 

tion 

A ssnoss of bibliographies on technical and 
vocational education has been launched by Unesco. 
Besides an international bibliography, surveys have 
been published giving details of publications in the 
United Kingdom and in the U.S.8.R. concerned with 
the technical and vocational of education. 
To these’ is now added a bibliography of technical 
education publications in the United States (Educa- 
tional Studies and Documents No. 36: Technical and 
Vocational Education in the U.8.A.—a Bibliographi- 
cal Survey prepared by the United States Office of 
Education. Pp. 24. (Paris: Unesco; London: 
HLM. Stationery Office, 1959.) 3s. 6d.) The booklet 
is in five parts and lista separately publications 
tion, i distribution, home economics and 
industrial education ; there is an exp note 
to cover each publication described, stating briefly 
its contents and purpose. 


Low-priced Books for Overseas 

San this scheme was first started, same 2,000 
titles have been submitted by publishers and others 
to the Advisory Committee on the Selection of Low- 
priced Books for Overseas under the chairmanship 
of Mr. A. L. P. Norrington, president of Trinity 
College, Oxford, and vice-chancellor (designate) of 
the University. The Committee will shortly be sub- 
mitting its list of recommendations to the Ministers 
concerned. Some measure of priority is being given 
to university text-books, as the importance attached 
to the supply of books of educational, scientific and 
technical value was clearly brought out at the 
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Commonwealth Education Conference held m July 
1959. The Advisory Committee is therefore studymg 
a first lst of some twenty- -five scientific and technical 
text-books for iasue in low-priced editions to univer- 
sities and college libraries, instructors and individual 
studenta. Initially the t will be applied 


to India. Tt ix aopa Gia ihe books Will be aade 
available for distribution in India this winter. 


The Proterozoic In the U.S.S.R. 


Taa rocks belonging to the Upper Pre-Cambrian 
or Proterozoic group im China, named by Grabau as 
bolonging to the Smian system, during the past two 
decades have been proved to be very abundant in 
the Urals and other parte of the U.S.S.R. In the 
absence of characteristic fossils which would allow a 
correlation with the Sinian, the prominent Soviet 
geologist, N. 8. Shataky, in 1945 proposed the name 
of Rhiphacan system, from Rhiphaean Mountains, an 
old name for the Ural Mountams. Recent work on 
the determination of the absolute age of these forma- 
tions, as presented by B. M. Keller (Priroda, 9, 30; 
1959), grvea the following figures: Taratash gneiss 
underlying Rhiphaean series, 1,100 m.y. ; uppermost 
Rhiphaean depositte—Inzer sandstone, 865 m.y.; 
Serdobian suite rocks, 680 m.y.; Larminarites suite, 
540-560 m.y. Thus, the Rhiphsean system may be 
demarcated in age as 1,100-500 my. It s divided 
into the Upper Timanian suite and the Lower 
Yakutian suite. The rocks of the Yakutian suite are 
characterized by a peculiar calcareous alga of a 
stromatolite type named O , while in the 
Timanian suite a branching alga named Collenta is 
found. These two algal types form very thick layers 
of limestone, but no remams of animals have as yet 
been found m these rocks. While V. P. Maalov 
studied these algae, S. N. Naumova has discovered 
spores of land or, more probably, of shore plenta, 
which wes rather In Siberia, especially 
in the region of the Lake Baikal, the Upper Rhiphacan 
strata are folded and intruded by granite, and so 
N. 8. Shateky applied the name Baikalan to the 
orogenetioc and magmatic epoch of this age. Withm 
the area of the present Russian platform the Baikalian 
tectonic movements led to the production of three 
major shialds—Baltic, Sarmatian and Tartarian— 
and two major geosynclmesa—Scandinavian and 
Uralian. The geosynclinal Rhipheeen sediments 
ware i in well-marked sedimentary cycles, 
beginning with coarse conglomerates and breccia and 
frames with fine-grained sediments. 


Excavations at Dzibiichaltun In Yucatan 


Aw account of excavations carried out durmg three 
seasons by the National io Society and 
Tulane University at Dzibilchaltun in north-western 
Yucatan, Mexico, has now been published (Proc. 
Amor. Phil. Soc., 104, No. 3; June 15, 1960). Little 
has been known about the early phases of culture in 
this part of the world, and the exploration of same 
large buildings and temples and the determmation of 
a definite stratigraphy are of great interest. To the 
prehbistorian the date of the constructions (round 
about a.D. 500) might seem somewhat modern, but 
much hitherto unknown information of the earlier 
cultures in those little explored areas is here unfolded. 


Nature Conservancy Awards for 1960 


Tra Nature Conservancy announces the following 
awards of research studentships for postgraduate 
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traming in ecology, tenable for periods up to three 
years at the univermties shown: Botany : Mise M. C. 
Anderson (Cambridge), P. E. Gibbs (Liverpool), Miss 
M. M. MoGrath (University College of North Wales, 
Bangor), J. G. Pusey (Oxford); Zoology: R. A. 
Avery (Bristol), D. E. Baird (Oxford), P. P. G. 
Bateson (Cambridge), Miæ V. Healey (Manchester), 
D. J. Hobden (Southampton), W. W. Murdock 
(Oxford), Miss M. A. Murphy (Manchester), D. C. 
Seel (Oxford), J. B. Whittaker (Durham); Geo- 
graphy : Mass J. Wain (London); Diploma Oourse 
in Conservation and Hoology at Unwersity College, 
London: G. P. Allen, J. M. Davidson, K. East, 
A. J. Kerr, Mis J. J. Rowe, D. A. White. 


The Bellby Medal and Prize, [961 


Bxos 1930, at intervals of one or more years, 
awards have been made by the administrators of the 
Sir George Beilby Memorial Fund, representing the 
Royal Institute of Ohemistry, the Society of Chemical 
Industry and the Institute of Metals. In 1958 two 
awards, esch of 150 guineas, were made. It was then 
agreed that no further award would be made before 
1960. The administrators have now decided that 
henceforth each award shall consist of a gold medal 
as well as a substantial sum of money, and shall 
be known as “The Beilby Medal and Prize” and 
specified as bemg “For Advancement in Science and 
Practice”. Such an award will be offered at intervals 
of two years, but more than one may be made on 
the same occasion if there are several candidates ofe 
sufficiently outstanding merit. Consideration will be 
given in due course to the making of an award (or 
awards) from the Fund in 1961, for outetanding work 
on the development and application of scientific 
principles in any field related to the special intereste 
of Sir George Beilby, namely, in chemical engineering, 
fuel technology or metallurgy. Applications must be 
submitted not later than December 31, 1960, by 
letter addressed to the Convenor of the Adminis- 
trators, Sir George Beilby Memorial Fund, Royal 
Institute of Chemistry, 30 Russell Square, London, 
W.C.1. 


The Scientific Instrument Manufacturers’ Assocla- 
tlon ` 


Tua following have been elected officers and counoil 
of tho Scientific Instrument Manufacturers’ Associa- 
tion of Greet Britem for the year 1960-61: Prendeni, 
Mr. G. C. Ottway (W. Ottway and Co., Ltd); 
Vice-Presidenis, Mr. A. W. Jones (Flemmg Radio 
(Developments), Ltd.), and Mr. L. A. Woodhead 
(Conor ee res, Ltd, and retring presidont). 
Honorary Treasurer, Mr. AW. A. Rundle (A. Gallen- 
kamp and Co., Ltd.) ; Honorary Secretary, Mr. E. R. 
Ponaford (Solartron Electronic Group, Ltd.) ; Counotl 
Members, Mr. 8. T. Pickormg (Chance Pilkington 
Optical Works), Mr. G. M. Sisson (Sir Howard 
Grubb Parsons and Co., Ltd.), Mr. G. 8. Sturrock 
(Kelvin and Hughes, Lid.) and Mr. R. Foxwell 
(The Wayne Kerr Laboratories, Ltd.). 


University News: Churchill College, Cambridge 


Mr. C. Sr. J. Wosox, of Corpusa Christi College, 
has been elected to a fellowship as from October 1. 
The following elections to junior research fellowships 
from October 1 are announced: R. A. Y. Jones, of 
Clare College; A. O. Gilchrist, of Trmity Hall 
(Sydney Harvey Fellowship); O. B. Cottrell, Uni- 
versity of the Witwatersrand and Queens’ College 
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(Gulbenkian Fellowship); A. Howie, University of 
Edmburgh and Trinity College. 

The folowing have been -elected to Overseas 
Fellowships: Prof. HE. HE. Saltpeter, of -Cornell 
University (from April 1, 1961) ; Dr. J. D. Wateon, 
of Harvard University (from October 1, 1961). 


Leicester 


Tæ following appoi intments have been made : Dr. 
8. G. M. Lee ord College, London), to the new 
chair of psychology ; Dr. M. O. R. Symons (South- 
ampton), to the new chair of physical chemistry ; 
Dr. E L. Kornberg (Oxford), to the new chair of 
bioch 

Senior leoturers have been appointed as follows : 
W. B. Birmingham (economics); Dr. J. E. Brown 
(engineering); Dr. O. P. D. Cutteridge and Dr. 
R. W. Maxwell (engineering). Lecturers appointed 
include P. 8. Oohen woe D. J. Cockrell 
(engineering), and Dr. W. Sluckin (psychology). 


London 


De. Riowanp Onumas, senior lecturer in physiology 
at the London Hospital Medical Oollege, has been 
appointed to the readership in physiology tenable at 
Bt. Mary’s Hospital Medical School. 

Dr. L. M. Jackman, lecturer in organic 
in the Imperial College of Science and Technology, 
has been appointed to the University readership in 
organic chemistry tenable at that College. 


Nottingham 


Panor. A. G. Sarra, professor of aircraft propulsion. 
at the College of Aeronautics, Cranfield (see Nature, 
181, 528; 1958), has been elected the first holder 
of the Hives chair of thermodynamics, endowed by 
Rolls- Ltd., in the University of Nottingham. 
Prof. Smith will be the head of the Departmant of 
Mechanical Engineering in succession to Prof. J. A. 
Pope. 

Southampton 


- Waertaxp Amort Lro. has made a contribu- 
tion of £17,500 to the centenary appeal issued by the 
University to provide, over a seven-year period, for a 
in helicopter ing. The University 
has also the offer by Union 
Carbide Ltd. of £2,150 per annum, for three years in 
ho de gah pa ga lac tpeg tere Nara 
tahip in the Department of 

Chemistry. 


Announcements 

Tre Minister for Science, Lord Hailsham, has re- 
appointed the following part-time members of the 
United Kingdom Atomic Energy Authority: Lord 
Citrme, from January 1, 1961, when his t term 
of office expires, to December 31, 1961; Sir James 
Chadwick, from August 21, 1960, to August 20, 
1962; Mr. O. F. Kearton, from October 17, 1960, to 
October 16, 1965. 


Ma. Jamas C. Brapiay has been appointed as 
assistant secretary (management) of the Smithsonian 
Institution. Mr. Bradley succeeds Dr. John L. 
Keddy, who retired recently. Since January 1959, 
Mr. Bradiey has served as assistant to the secretary, 
Dr. Leonard Carmichael, in the administration of the 
Institution's scientific, technological and cultural 
programme. 
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Ds. Manos, Aurerr, known for his work’in the 
field of kwashiorkor and other protem-defloiency 
diseases, has been appointed director of the Nutrition 
Division of the Food and Agriculture Organization, 
in succession to Dr. W. R. Aykroyd. Dr. Autret 
jomed the Organization in 1949, after a career in the 
French Colonial Service; he first became interested 
in nutrition while stationed in French Indo-China as 
head of the Chemistry Department of the Pasteur 
Institute in Saigon. 

Mes Jewnures Rumray (Bedford College) has 
been appointed Junior Universities Federation for 
Animal Welfare (UFAW) Research Fellow to assist 
Dr. Phyllis G. Croft, UFAW Research Fellow, 
at the Royal Veterinary College, in research relating 
to anmathetics and relaxants. 

Tua next award of the Meldola Medal, the gift of 
the Society of Maccabseans, will be made early in 
1961 to the chemist who, being a Britush subject and 
lees than thirty years of age on December 31, 1960, 
shows the most promise as indicated by his or her 
published chemical work. Further information can 
be obtained from the President, Royal Institute of 
Chemistry, 30 Russell Square, London, W.C.1, the 
envelope being marked ‘Meldola Medal’. 


For the sole use and convanieros of its members 
the Physical Society of Japan has from time to time 
issued in a single volume a series of selected papers 
reprinted, with permiasion of the various publishers, 
from different American and E journals and 
dealing with s specific field of research. The latest in 
the series contains sixteen papers on the theory of 
atomic nuclei and imeludes articles, by N. Bohr, 
J. Frenkel, W. Heisenberg, L. Landau, E. Teller, 
V. F. Weisakopf and J. Wheeler. The period covered 
1s 1982-40. 


A oovrnss of lectures on “Problems of Redio- 
activity at Water and Sewage Works” will be held 
in the Manchester College of Science and Technology 

aces ag September 29 and 80. Applications to attend 
must be sent to the Registrar of the College not later 
than September 19. A 

Tan Second Accelerator Conference is being 
organized by the High Voltage Engineering Corpora- 
tion and ite Dutch subsidiary and will be held in 
Amsterdam during October 4-6. It is hoped to cover 
most aspecta of low-energy accelerator techniques in 
physics and in industry. Further information can be 
obtained from High Voltage Engineering (Europa) 
N.V., Post Box 99, Amsterdamseweg 57, Amersfoort, 
The Netherlands. 


A SYMPOSIUM of five papers on “Drugs for the 
Treatment of Hypertension”, arranged by the Royal 
Institute of Chemistry and District 
Section) and the Society of Chemical Industry (Man- 
chester Sectian and Fine Chemicals Group), will be 
held in the Tenants Hall, I.C.I. (Pharmaceuticals 
Division), Alderley Park, near Macclesfield, Cheshire, 
on September 30. After the symposium there will be 
a tour of the Research Department of I.C.I. (Pharma- 
ceuticals Division). Further information can be 
obtained from Dr. G. A. Gamien, Research Depart- 
ment, I.C.I. Ltd., Dyestuffs Division, Hexagon 
House, Blackley, Manchester 9. 


Espatum. Dr. T. E. Cleghorn points out that a 
printing mistake ocourred in the title of his oom- 
munication in Nature, 184, 1324 (1959); this should 
read “A ‘New’ Human Blood Group Antigen, Swa”, 
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SPACE RESEARCH IN BRITAIN: GRANTS 


IXTEEN grants to British universities for space 
research projecta, totalling £184,540, have been 
made on the recommendation of the British National 
Committee on Space Research, set up by the Royal 
Society under the chairmanship of Sir Harrie 
Massey. The grants, which cover a variety of periods, 
are for salaries of staff, travel and subsistence, and 
development or purchase of special equipment. These 
grants have been approved by the Steering Group 
for Space Research, set up by the Minister for Science 
under the ohairmenship of Sir Edward Bullard, 
and the financial ibility for them is with the 
Department of Scientific and Industrial Research : 
University College of Wales, Aberystwyth, £16,580 
over 8 years, to Prof. W. J. G. Beynon for measure- 
ment of electron density/height profiles with rockets 
using the Doppler method and the pulse method. 
Queen's Unrversity, Belfast, £15,003 over 2 yeara, 
to Prof. D. R. Bete for upper atmospherio rocket 
research, moluding artificial air-glow, altitudes of 
night-glow layers, and a study of micrometeorites. 
University of Birmingham, £26,000 over 8 years, 
to Prof. J. Sayers for electron and ion-population 
studies of the upper atmosphere and mterplanetary 


University of Cambridge, £1,604 over 2 years, to 
Dr. K. G. Budden for research into the theory of 
propagation of radiations from artificial satellites ; 
£2,678 over 2 years, to Prof. M. Ryle for the recording 
and the interpretation of Doppler and Faraday effects 
in the radiations frem artificial satellites; and 
£11,230 over 26 months, to Dr. F. G. Smith for 
the measurement of coamic radio nowe by receivers 
mounted on rockets and satellites. 


University of Leicester, £18,006 over 88 months, 
to Prof. E. A. Stewardson for investigations of solar 
and stellar soft X-ray emissions. 

College of Science and Technology, London, 
to Dr. H. E. Elliot, £7,275 over 2 years for satellite 
measurements of the primary oommic-ray energy 
spectron, and £1,500 over 2 years for an investigation 
into cosmic-ray intensity variations at rocket alti- 
tudes; also £7,935 over 3 years to Dr. 8. H. Hall 
for geomagnetic fleld measurements in the Earth’s 
upper atmosphere. 

University College, London, to Dr. R. L. F. Boyd, 
£8,880 over 8 years for the development and use of 
photoelectric satellite tracking equipment, and 
£35,450 over 8 years for rocket research in the upper 
atmosphere of : (1) atmospheric temperature, density 
and winds ; (2) ionospheric temperature, density and 
composition ; (8) short-wave-length solar radiation ; 
and (4) stellar ultra-violet light. 

University of Manchester, to Dr. R. O. Jennison, 
£15,277 over 40 months for micrometeorite investi- 
gations from an Earth satellite (to be carried out at 
the Nuffield Radio Astronomy Laboratories, Jodrell 
Bank), and £15,020 over 44 months for low-frequency 
radio astronomy from an Earth satellite (to be carried ° 
out at the Nuffield Radio Astronomy Laboratories, 
Jodrell Bank); also £2,500 over 1 year, to Prof. 
A. C. B. Lovell for the tracking of satellites and space 
probes (to be carried out st the Nuffield Radio 
Astronomy Laboratories, Jodrell Bank). 

University of Oxford, £4,560 over 18 months, to 
Dr. J. T. Houghton for the development of photo- 
conductive material for satellite measurements of 
infra-red radiation. 


THE BANGOR RESEARCH STATION OF THE NATURE 
CONSERVANCY 


HE new Welsh headquarters of the Nature Con- 
servancy was formally opened on July 20 by 
Prof. W. H. Pearsall, chairman of the Scientific 
Policy Committee of the Nature Conservancy. The 
buildmg, of rough-cast stone end alate-roofed in the 
local Welsh style, 1s primarily designed as a labor- 
atory, and ita chief function is to act as the Con- 
servancy's ressarch stetion m Wales. It wil, however, 
also houpe regional officers mainly concerned with the 
ement of nature reserves and with the carto- 
grephio and advisory work of the region. The whole 
will be under the supervision of Dr. R. Elfyn Hughes, 
who haa been eppomted diroctor (Weles), so that the 
Welsh organization of the Nature Conservancy now 
rosembles that in force m Scotland. 
. As at present the laboratories are 
equipped mainly for research in plant ecology. The 
special equipment is mainly for plant 
analysis and for detailed soil studies, especially the 
S aa of mineral elements and the properties 


of clay minerals. A notable feature is the pro 
vision of an X-ray fluorescence spectrograph, & 
new type of apparatus which it is will 
speed up and greatly extend the range of mineral 
analysis. 

The facilities available are surtable for studying 
the general problems present im all nature reserves, 
the relation of vegetation to soul and the trends of 
change affecting these relationships. There are, how- 
ever, special problems in Wales which are of fanda- 
mental importance and of the widest interest to 
highland Britam aae whole. The great range of rainfall 
easily accessible in Snowdonia aa well aa the diversity 
of rock type make it a moet favourable centre for 
research on the effecta of these factors, smgly or 
interactmg, upon the development of soils and 
vegetation. In Snowdon the interest in this field 
lies especially in the grasslands and their animal life, 
and notably in the pattern of grazmg by sheep. The 
evidence already obtained by Dr. Hughes streases the 
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great importance of the minerals derived from the 
soil in the interchanges and inter-relations between 
lant and animal. Jt also raises the teresting 
ility that high rainfall im the weet of Britain 
may have an ameliocrative effect as well as that to be 
from soil leaching. 

order to study these complex relations, it has 
been necessary also to envisage technical advances in 
the ment of statistical methods for the 
analysis of the vegetation mossaios and their oor- 
relation with the complex soil characters, and the 
diversity of rainfall. 

No part of Great Britain has, however, remained 
unaffected. by the impoverishment of flora, fauna and 
soil Induced by human activities in the past. Changes 
in land-use, even, for le, in the time of mowmg 
a meadow, may have ound effects on the flora 
and invertebrate fauna. Thus, the mcoresaing his- 
torical and archwological evidence accumnlating in 
North Wales about early human settlement also 
offers considerable scope for developing knowledge 
of the influence of former land-use on existing 
vegetation and wild-life. This is a flald of research 
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le elsewhere in highland 
scarcity of information about 


which is scarcely 
Britain because of 


the 
hs ea whieh cake aa eee 


‘vaio: aah to the pinea ‘werk o eia of ha lee 


Prof. Q. W. Robinson, as well as to the more recent 

inspiration of Prof. Alon Roberts. They have also 

much from the existence in the Unversity 

lege of North Wales of strong Departments of 

Agriculture, Botany, Forestry and Zoology, the 

continued co-operation of which augurs well for the 
future. 


While, in the present stage of Investigation, much 
of the work centres around the general problems of 
upland and moorland vegetation and soils, there are 
other centres of developing research in the nature 
reserves, notebly the special mountain floras and 
faunas, the dune vegetation and invertebrates at 
Newborough, and the blems presented by the 
woodland reserves now ing available. These 
are likely to offer much scope for development into 
other fields of investigation ss the primary researches 
mature. 


THE DAVID NORTH PLANT RESEARCH CENTRE 


HE Colonial Sugar Refining Co. is to build a 
research centre in Brisbane to conduct 
sugar cane plant. The labor- 
atory, costing £300,000, is to be completed by June 

1061. 

The Company has been well aware that, over the 
past twenty years, there has been & very considerable 
increase (more than 50 per cent) in the yield of agri- 
cultural gd For example, m the 
United States, that of corn hag risen about 80 per 
cent, milk by 40 per cent and beet sugar by 50 per 
cent. In contrast to this, the imorease in yield 


eee ee ee the yields of sugar by 
conventional methods may somewhat restricted 
as many of the clones which make up the present-day 

material are the result of perhaps thougands 
of years of selection for sweetness and low fibro 
during cultivation by primitive communrties and, 
socondly, the more obvious improvements, mainly 
associated with disease rerustance, have been effected. 
advances are only likely to be 


ability of wa AAR, 

In 1988, plans for the new laboratory were initiated 
in collaboration with Dr. H. R. Highkm, Dr. D. 
Koller end Mr. P. Keyes, of the Earhart Plant 
Resoarch Laboratories at the California Institute of 
Technology. The basic plan of the new laboratory is 
very similar to that of the Earhart Laboratory, which 


with 


was constructed in 1047-48, under the direction 
of Prof. F. W. Went. Five air-conditioned green- 
houses, each of 240 sq. fb., are to be held at tem- 

tures of the range 10-40° C. These are connected 
by akiri to h drone) of Gighh SA VARE 
rooms occupying 1,500 aq. ft. The rooms encompeas 
a range of temperatures from 40° O. to frost con- 
ditions at —10° C. 


quality in growth and flowering. Means will also be 
available to control root temperatures independently 
of other environmental conditions. Because cane 
planta grow to considerable height, 20-ft. oad enii 
has been allowed in all of the growmg areas. 

The remainder of the buildmg is broken into two 
soctions. The entrance to the whole structure is 
secured through air locks ; ee 
and visitors and staff alike are required to wear 
sterile clothing. The main laboratory area, 1,800 sq. 
ft., provides facilities for biochemical investigations 

perticular emphasis on tracer techniques. 
Studies on the physiology and biochemistry of 
sugar cane were commenced in 1955 as a joint venture 

t of the University 
ysiology Unit, Divimon of 
Plant Industry, Commonwealth Scientifle and Indus- 
trial Research Organization and the Colonial Sugar 
Refining Co. The mitial work covered studies on tho 
respiration of sugar cane stalks and the germination 
of sugar ceno sets. At the same time, basic studies 
were undertaken on the mechanism of auxin action 
in plante. This work showed that the adsorption of 
pectin methylesterazo to the tissues of ooll walls 
could be altered by tho addition of auxin end syn- 
thetic auxins. Experimenta with tissue shoos damon- 
strated that pectin methylesterase could bo extracted 
with dilute salt solutions and that the enzyme was 
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partitioned between the tiasue and the 
solution. The equilibrium concentration of parna 
methylesterase in solution was altered 
addition of auxin. 


to the wall tissue, and the major action of the auxm 
is that it should be able to reach the appropriate 


was shown to donsst of two processes. Tho first 
process was thas of diffusion into the outer space of 
the tissue volume, and ‘was governed by the oon- 
centration gredient, equilibrium attained in 
about half an hour. The second proceas continued at 
a constant rate for about 60 hr. „and sugar moved 


movement was 
and a number of metabolic inhibitors. This active 


uptake of sugar into the inner is analogous to 
the accumulation of saka by plant tissues. It 
was shown that only not reducing 


` -young tissue was about 9 hr. 

To make uge of these observations and other 
fundamental data, detailed studies are required of 
the, effects of the environment on growth and the 
translocation and sccumulation of sugars. Com- 
parative studies will be made on different species and 
varieties within species of the genus Saccharum. The 
central interest will be the ability to store cerbo- 
hydrate as sucrose. 
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The genstio make-up of commercial varieties of 
sugar cane is derived from S. officinarum, but virtually 
all varieties now cultivated carry genes from other 


` speciea, usually with very low sugar content. Hybrid- 


ization, was carried oub to increase vigour, resistance 
to disease, and to widen the range of climatic con- 
ditions in which cane can be cultivated successfully. 
It is anticipated that the comparative studies on 
sugar accumulation will provide knowledge of the 
mechanisms by which canes do or do not store 
sucrose, and this information can be used as a basis 
for studies on the physiological and biochemical 
genetics of sugar uction. 

The work ab the David North Plant Research 
Centre will also include a comprehensive investigation 
on flowering in the genus Saccharum and several 
related genera and on problems aascciated with 
sterility and with the germination of ite seeds. 
Complementing this programme, more general studies 
will be undertaken m the field of phytohormansl and 
chernical control of plant growth. 

The research staff will consist of five graduates 
and assistants. Space will be made available for two 

guest research workers from other institu- 
tions to work with the Colonial Sugar Refmimg Co.’s 


group. 

Other laboratories situated in Brisbane which carry 
out research,on planta are located in several depart- , 
ments of the University of Queensland, at the 


the laboratories of the Queensland Sugar 
This concentration of research groups should estab- 
lish Brisbane as a leading centre for research on 
tropicel plants in the southern sae ae 

. GLasriou 


SOME ASPECTS OF AUTOXIDATION 


N informal sym on the ““Physico-chemical, 
Biological and Applied Aspects of Autoxidation” 
pri 4-5 in the Department of 


Uri hago of Agriculture, Fisheries and Food 
Reseerch Este 
Colloid and Bi yeios Committee of the Faraday 
Society, and ita ve Peet. O. E H. Bawn, was te 
chairman. 


oe ee a sees eR 
ical ates 


diffusion of oxygen from the gaseous into the hquid 
EITE ree E A method has 

See Cees oe a a dis 
E ne oe kinetic measurements without the 
3 for pa e The rete of reaction is 
- -followed by the measurement of rise in temperature by 
` means of a.thermocouple and a sensitive amplifier. A 
ae O./pec. can be determined with a time 
= ak a e 10+ seo. The sensiti of the 
method. anien. one to study non-stationary -up 


of radical concentration and to obtain quantrbstive 
information on rate constants of propagation and 
termination as well as reactivity of free radicals 
towards retarders. Autoxidation of cyclohexene and 
methyl SAPPE have been studied ar tem- 


peratures of 40-80° C 
The second min which dealt with the initiation 
phase in the aerobic oxidation of linoleic acid and ita 
esters, Was by Dr. N. Uri. Evidence waa 
is metal catalysts are im- 
portant even in the uncatalyped autoxida- 
tion. A survey of the effects of heavy-metal stearates 
and hyrins indicated that there must be a’ 
00: system of initiation involving oxygen~metal 
complex formation and subsequent formation of free 
radicals. A reaction scheme was proposed which 
involved reactions of the metal compound with 
oxygen, hydroperoxide and substrate and imcluded 
en inhibitory reaction between metal and free 
radicals; the latter feature explained an anomalous 
curve obtained when the rate of reaction was plotted 
agamst metal catalyst concentration. Some experi- 
sor aog a ee yon ae ere 
chelating on the catalytic ectivity of the imitiaton 
were A brief survey of the effects or 
various novel free radical aooe; and their 
theoretical interpretation conolnded the paper. If 
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the discussion Dr. Ford (British Petroleum, Sunbury) 


~- directed attention to the fact that anomalous initis- 


tion curves were observed by him when hem pigments 
were used as autoxidation 


of new producte and in the deleterious 

effect causing break-up and degradation of oils and 
plastics. The oxidation of tsopropyibenzene to phenol 
and of p-xylene to terephthalo acid are important 
examples. Recent discoveries have shown t the 
first stage of the oxidation of p-xylene, that is to say, 
to p-tolnio acid, proceeds satisfactorily with the con- 
Pron cobalt and manganese catalysis, but the 
second stage requires the presence of bromide. 
Detailed kinetic results were presented, and a satis- 
factory mechanism involving initiation by the bromine 
atom in conjunction with the cobaltous—cobeltic cycle 
‘was proposed. Inhibition of the second oxidation 
reaction in the abeence of added bromine wae shown 
to be associated with the formation of phenolic 
mhibrtors which are destroyed by bromine. In the 
discussion, Dr. Uri pointed out that metal-catalysed 
initiation in the oxidation of poly-unsaturated fatty 
acida is more al 


poneer for hydrocarbons, In reply to Prof. H. 8. 
(University of California, Berkeley), Prof.- 
Bawn explained that iodide could not replace 
bromide. T Dr. O. E Lea directed attention to various 
galt effecte in the oxidative rancidity of fate which 
are not yet fully explained. 

‘Tho fourth paper, by by Dr. L. Bateman (British Rubber 
Producers’ Research 


retardation It was shown that BETA formed 

from monogulphides and thiosulphinatea formed from 

disulphides were efficient inhibitors of olefin oxida- 
of ; 


was laid on the practical 
austciatod ah draet viana, 


Station, Cambridge) 
spoke about some aspects of tho ae Dinlogieely 

aerobic oxidation of carotenoids. The nature of the 
enzyme systems responsible for the carotenoid 
eee im plant tissue was discussed. These 


from sugar beet leaves ; 
presence of lmoleio acid or diene hydroperoxide. 
comparison of the degradation producte by aoe 
oxidation and non-enzymio oxidation catalysed by 
lmoleate and ferrous phthalocyanine revealed close 
similarity. 
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In a paper on the aerobic oxidation of plant phenols 
and ite biological implications, Dr. D. E. Hathway 
(British Leather Manufacturers Research Association, 
Egham), exemplified the synthesis of larger molecules 
from simple phenols by dimerization of semiquinones 
and polymerization through quinones. Thus, autoxi- 


‘dation of alkyl gallates m alkaline medium leads to 


ellagate, whereas ‘quinone polymerisation occurs 
during the autoxidation of (+)-catechin. A similar 
polymer waa isolated from Acacia catechu heartwood, 
and it was suggested that rt arises se a result of 
aerobic oxidation in the heartwood tissue. Some 
further examples of natural phenolic polymers were 
presented. It was pointed out that aerobic oxidation 
of catechins and other flavan-3-ols appears to account 
for the origm of some of the condensed tannins, 
particularly in tan barks. Brief mention was made 
of the anti-fungal and anti-viral protective properties 
of tannin, which, especially in stemberk, may have 
contributed to the succeasful evolution of existing 
forest trees. 

Prof. H. 8. Oleott (University of California, Berke- 
ley) spoke about the effecta of tocopherols in autoxi- 
beg Sie ier He also directed attention to the 
vitamin EÈ activity of selenium compounds and 
wondered whether their antioxidant activity is 
eee on eee ee ee 

Dr. Bateman in the case of sulphur com- 
antagonizing effect: of free tty acids 


synergism was demonstrable with phenoho anti- 
oxidants that possess a hydrogen atom adjacent to 
the phenolic group (y-tocopherol, butylated hydroxy 
anisole) than with those in which these positions 
are substituted (a-tocopherol, butylated hydroxy 
toluene). Relatively pap amounts of aliphatic 
amines (in the order of 1-2 cent) act themselves 
as antioxidants in lard and exhibit an anomalous 
arae on temperature in their efficiency. In 
Barnard 


confirmed that selenium compounds were found to be 
more efficient antioxidants than the corresponding 
sulphur compounds. Dr. E. M. Learmonth (Brrtiah 
Soya Producte, Puokeridge) directed attention to the 
instability of puri soybean oil and the synergistic 
effects of phospholipids. Dr. Uri said that some of 
the anomalous concentration effects could be ex- 
plamed by the di of the antioxidant by 
the ‘forbidden route’ of a chem reaction, and some 
of the anomalous temperature effecte could conceiv- 
ably be due to chelating of amines with traces of 
metal porphyrins. Dr. Bateman proposed that 
certain synergistic effects should be ascribed to a 
high ivity of one antioxidant towards RO, 
radicals and a high reactivity of the other towards 
E- radicals. 

Presenting his paper on autoxdation in relation to 
food, Dr. C. H. Lea between the major 
autoxidizible constituent, that is, unsaturated fatty 
acids, and a wide variety of minor but almost equally 
important substances; their oxidation is frequently 
coupled with that of the fats. Dr. Ees went on to 
survey the main primary and secondary producta as 
well as their effects on flavour, nutritive value and , 
possible toxicity. Finally, a number of factora which 
influence sutoxidative reactions were di 


discumed, in- 
- cluding both pro-oxidant and anti-dxidant effects in 
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general, the action of hmm protein catalysts and 
lipoxidase, and finally the variable affects of ascorbic 
acid which, depending on the environment, ects 
. sen as ee or ag anti-oxidant. 
ee of the meeting was that of Dr. 
L. ga O'Neill (Paint Research Station, Teddington) 
on problems of autoxidation m the industry. 
Hə pomted out that paints which on the 
autoxidation of a drying oil or a polymerio derivative 
thereof, such as an oil-modified alkyd resin, are stall 
the mogt widely used class. The oxidation involves the 
formation of —C—-C— polymers via conjugated per- 
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oxides. Emphasis was placed on the interesting 
distmotion between the catalytic action of cobalt 
compounds with oxidation spreeding from the surface 
into the body of the medium and that of lead com- 
pounds with uniform oxidation of the bulk of the oil. 
Oximes are used as temporery antiomdanta for 
storage in containers and afterwards lost from the 
surface film. Mercaptans prevent the oxidation from 
proceeding towards degradation. The nature of 
‘yellowing’ on prolonged ageing, which 1s accelerated 
by ammonia and other bases m the atmosphere, 1s 
not yet fully understood. N. URI 


AVERAGE WATER VAPOUR CONTENT OF THE AIR 


& recent memoir issued by the Meteorological 
Office, J. K. Bannon and L. P. Steele outline the 
first use of humidity observations made with radio- 
sondes to describe, on a nearly world soale, the 
variation with height of the mean water vapour 
content of the atmosphere (Air Mmistry: Meteor- 
ological Office. Geophysical Memoirs No. 102: 
Average Water-Vapour Content of the Air. 3 
ii+38. (M.O. 881b). London: HAM. Stationery 
Office, 1960. 8s. 6d. net). Previous work of this 
nature was necessarily carried out by extrapolatmg 
from surface values with empirical formule, deduced 
from mountain observations, for the rate of decrease 
with height. 
The data, which are for the period 195l- 
1955, are presented m the form of charte for 
January, April, July and Octcber of isopleths of 


the average weight of water va igrams 
above 1 square centimetre at Earth’s surface 
and the isobaric surfaces for 850 mb. (about 


1:5 km. height), 700 mb. (about 3 km.) and 
500 mb. (about 5:5 km). Surface pressure is about 
1,000 mb. 


The authors necessarily devore much space to & 
detailed discussion of the observations and of the 
difficult problema involved in reconciling obearvations 
made with different types of radiosonde and allowing 
for matrumental defecte such as lag. 


The most obvious feature of the charts at any on 
level is that water content is highest over the equa- 
tonal ram forests and Indie in the summer monsoon, 
and least over the polar regions. Values are notably 
low for the latitude over the Sahara, where they are 
about the same as over Europe, but the other great 
desert areas are not very prominent m the run of the 
isopleths. Comparing the charts at different levels, 
it is clear that at all seasons, and over all areas on 
the average, half the water vapour content of the 
atmosphere is below 850 mb., far below the corre- 
spondmg level for sır at 500 mb. The highest value 
is over India m the summer monsoon, when the 
atmosphere holds 64 decigrams of Pepen water. 
Above the equatorial belt there is about 50 decigrams. 
Over the British Isles in winter the amount is about 
11 decigrams and im summer 24 decigrama. 

The charte permit rough caloulations to be made 
of the ratio of precipitation to storage of water 
vapour in the atmosphere. Over the Earth as a 
whole the store is equivalent to nine days rainfall, 
but over wet cool regions such aa the Bricish Isles m 
winter the average store is equivalent to only about 
three days ramfall. Such differences m the storage 
ratio reflect differences in the manner of production 
of rain, which is mainly by convection of ‘local’ water 
vapour over the hot regions and by advection from 
over the oceans in cool ones. 


FREEZING AND DRYING OF BIOLOGICAL MATERIALS 


recent years much has been said about the rift 
between science and the humanities. Neverthe- 
leas, the majority of scientists are mterested in 
history or literature, music, drama or art, while most 
students of the humanities use producte of science 
and notice the impact of others on the world at 
large. The widening gap between different scientific 
discrplmes may be more serious. A stage is approach- 
ing when biologiste and physicists will no longer 
understand one another SNe they try to oom- 
mounicate orally or by writmg. Several attempts to 
bridge this gap bave already been made by those 
who investigate the effects of low temperatures and 
of desiccation on living cells and tissues and on their 


products. 


The publicetion ‘‘Froezmg end Drying of Bio- 
logical Materials” is based on a conference held at 
the New York Academy of Sciences m October 1959*. 
It forms e valuable sequel to two colloquia organized 
by the Institute of Biology in 1951 and 1058, to the 
discussion at the Royal Society im, 1957, and to Prof. 
D. Keilin’s Leeuwenhoek Lecture in 1958. This is not 
a book for beginners. Dr. H. T. Meryman is over- 
optimistic in saying that a stage of simplification 
has been reached m coryobiology. Prof. B. Luyet is 
nearer the truth in thinking that the biologist who 
works at low temperatures is in “a chaos of disequi- 


zetia tas uP eee eT Reed VoL 85, Article 2 

Materials. t. 

to 12 oiber . Pp. 601-734. (New York: Newt York 
of Bolences, 1960 
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librium and disorder”. Dr. Luyet has, himeelf, thrown 
further light on the phase transition in gelatin gels 
and in solutions of glycerol, sugars and other bio- 
logical media at low temperatures. Dr. J. L. Stephon- 
son has continued his mathematical analysis of the 
process of crystallization in model biological speci- 
mens during rapid freezing. Prof. L. Rey edmits 
that it is almost’ impossible to measure the eutectic 
temperatures of natural substances; nevertheless, 
he sesemses the ‘eutectic requirements’ of biological 
materials in order to reduce damage after thawing or 
reconstitution from the dry state. Dr. C. V. Lusens 
finds that rates of formation, dissolution and re- 
distribution of ioe are very slow in solutions of 
glycerol below —40° ©. Dr. A. C. Taylor reports 
that few cells from human conjunctive or avian skin 
survive rapid cooling in one stage to —78° or to 
—120° 0. or when the formation of ice is accelerated 
by use of hydrostatic pressure. Dr. P. Mazur thinks 
that when certain micro-organisms are cooled rapidly 
in the range below —15° O. ice crystals in the frozen 
medium could seed the supercooled interior of the 
cells by passing through minute pores in tho ocell 
membrane ; damage, which occurs when slow thawing 
follows rapid cooling, might be due to migratory 

reorystallixation of the intracellular crystals. 
Contributions from authors absent from previous 
conferences are particularly weloome. Dr. J. Levitt 
describes freezing injury in plants; but his attempt 
to produce a single theory to explain the cause of 
damage in, cells of animals and plante is lops successful. 
Dr. A. P: Rinfret has studied factors affecting the 
oryikroby os during Tapii iecking and thawing ia the 
ee ee ee 
tective substances. Dr. A. opkins has used 
radio-frequency ~ spectroscopy ne are biological 
media, human erythrocytes and ventricles at 
temperatures between 0° and —100° O. In a striking 
Dr. H. Fernfindez-Morén describes the 
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EEN E T E ae as OE 
paring specimens of mammalian tissue for electron 
microscopy. He claims that his technique gives 
tion of mecro-molecular structures. 

considerab: 


TW. Geen E ie 
theory and practice of freeze-drying, copays ae 
useful terms: the ‘Torr’, a measure of vacuum 
equivalent to a preasure of 1 mm. mercury, and the 
‘Lageo’, the rate of leakage under a pressure difference 
of 1 atmosphere of 1 litre/sec. at a pressure of lp. 
Principles of freeze-drying are also elucidated by Dr. 
H. T. Meryman and Dr. R. L N. Greaves. Dr. 
Greaves discusses factors involved when viability of 
a ee 
desiccation and strosses the importance of the com- 
Osition of the medium surrounding them. Dr. 


conditions of their 
experiments. It is hoped this interesting result 
with bull spermatozoa will be confirmed in other 
laboratories. 


A number of hical errors have been 
noted; the figure | sc dah R 
Verbal efflorescences such as “organoleptic P 
(p. 527) to describe mest, ‘‘oporational comp aat 


arity’ and “sequentially arrested states” (p. 690) 
will do little to bring physicists and biologista together 
and would drive Mr. Thurber to his io- 
ist. The editors are, however, to be congratulated 
on the with which they have published the 
report of this important conference. 

AUDREY U. SMITH 


U.S. NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH 
COUNCIL 


ANNUAL REPORT FOR 1958-1959 


HE annual report for 1958-59 of the presen 

Academy of Sciences—National Research Couns 
include ihe ecto of he aian De Dolley Gene: 
reporia on the autumn meeting, 1958, and annual 
meeting, 1959, of the National Academy, the 
Treasurer’s report, list of publications and reporta 
on the activities of the Academy and the Research 
Council, moluding those of the several Divisions, those 
not to a Division, of the Office of Inter- 
national Relations, of the Offloe of Scientific Per- 
sonnel, and of the United States National Committee 
for the International Geophysical Year (pp. vili+ 
224. Wi D.C.: Government Printing Office, 
1960. 70 centa). The president in his review stresses 
the increasing conoern of the Academy—Research 
Council with mternational scientific activities. The 
new Committee on Oceanography, an outgrowth of 
the International Geophysical Year, completed a 
report on the status and needs of all phases of oceano- 


graphy and its- opportunities, which has already 
stimulated greater interest im oceanography and 
support for oceanographic research, moluding pro- 
vision by the National Science Foundation of a new 
research vessel. As a result of a conference held 
under the auspices of the Academy and the President’s 
Science Advisory Committee to consider how science 
and technology can be used more effectively by the 
International Co-operation Administration in its 
programmes of foreign sasistance, the Acadamy was 
requested to study the possibilities for such assistance 
to the regions of Africa south of the Sahara and north 
of the Union of South Africa. 

During this first formative year of the National. 
Aeronautics and Space Administration, the Space 
Science Board, esteblished in June 1958, after 
securing programme recommendations from a broad 
crogs-section of the scientific community, sought to 
develop a short-range space scienoe programme. 
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Physics, chetaiatry,: ‘mathematica, astrdnomy, 
geophysics, psychology © and biology are Rye 
sented on the Board.” Many Biologists ars planning 
for research undertakings in outer space and to 
provide s forum for thet discussions and planning 
an Armed Forces—National Research Council Com- 
mittee on Bio-astronautics has been established. ~ 
The Committee on Fire Research has recently 
broadehed the -f its interests to include con- 
sideration of the causes and control of all unwanted 
fires, such as forest fires, and publication of Fire 
Research Abstracis and Reviews as a periodical was 
commenced. A Research Correlation Conference on 
“Noise Control m Buildmgs” was sponsored by the 
Building Research Institute and a committee set u 
for the study of agricultural pests and their paces 
> Two temporary committees were appointed to 
supplement the work of the Materials Advisory 


- .* Board, one to consider and define the more promising 


arees of research in solid-state physics and metal- 
, and the other to deal with the organization 
support of materials research in the universities, 

industry and government. 

The Division of Medical Sciences commenced a 
survey of needs in tropical medicine, and its Com- 
mittee on the Cardiovascular System is seeking to 
stimulate interest in research into the central nervous 
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control of circulation, but the Committee ‘on Infectious 
“Diseases and Chemotherapy w being dissolved to 
-make way for a more fundamentally arjented group. 
The activities of the’ Division of Chemistry and 
Chemical Technology markedly increased, particu- 
larly in the international fleld; the Division of 
Engineering and Industrial Research was also 
much occupied, and its Committee on Ship Steel 
and Ship Structural Design continued to assist 
the research programme of the inter-agency Ship 
Structure Committee by fi research, 
grammes in these fields. These include a study 
AUE of KAAI OR] ATOE on the: Deil 
behaviour of ship steel, a com n of the influence 
of manganese, eae ie ES 
impact properties, and efforts to increase knowledge’ 
of the response by ships to ocean waves and of brittle ` 
fracture mechani 


cs. 

The Office of International Relations has worked 
vigorously to foster ex e of scientists between 
the United ‘States and the U.S.S.R. and to facilitate 
travel there of United States scientists. A programme 
of reciprocal exchanges was negotiated between the 
Academy and the Academy of Sciences of the 
U.S.S.R. and srrangements were made for the par- 
ticipation of United States scientiste in‘ more than 


thirty international scientific meetings. 


RECRUITS TO TEACHING IN GREAT BRITAIN ~ 


N inquiry by F. W. Land, of the University of 
Liverpool, was undertaken primarily in order 
to investigate the factors which were icting the 
recruitment of a sufficient number of students m 
ee ee a 
mathematios and science*. pel sige must be 
looked at as a facet of the larger problem of producing 
the whole body of teachers who should have, between. 
them, & proper balance of subject interests. Although 
smaller in number, the trained graduates from 
universities take a role in this balance which, in many 
respecte, 18 crucial, since they provide the greater 
part of the staffs of grammar schools from which are 
recruited the majority of the training college students. 
The problem of university teacher-training depart- 
ments is that mathematics and science tes are 
not coming forward for trainmg as ers, whereas 
the training college problem is that those who are 
electing to train as teachers are reluctant to study 
mathematics and science. The Association of 
Teachers in Colleges and Departments of Education 
report of 1956 made it clear that this oan only be 
brought about by a manifold morease in the number 
of mathematics and science graduates coming forward 
to tram for service in both grammar schools and 
training colleges. This, in turn, depends on the 
ability of the universities to recruit more mathematics 
and ecience students and upon the willingness of 
industry to curb its seemingly insatiable demand for 
mathematics and science graduates. 
Any .future increase in the number of science 
undergraduates will depend on the ability of schools 


* Roorutts to ete linge Qualoatons, 
and Attitudes of on Tahaa Calg. iy 
Pp. 88. (Liverpool: The U: ty Press, 1960.) 78. 6d. net. 


to supply further recruits able to undertake uni- 
versity oourses, and this, in turn, is dent 
upon a supply of science teachers. For the time 
being, until the oritical ply of teachers has been 
rectified, mdustrialista should be asked how many of 
the poste now being filled by graduates could be filled 
with lees highly qualified persons without substantially 
reducing industrial efloiency. 

Mathematics and science 
traming oo which eso of @ diferent aatoro, 
Throughout the infant and junior schools almost all 
teachers are called upon to teach arithmetic. In 
secondary schools there is no possibility for years of 
having enough properly qualified teachers to provide 
specialist mathematics teachers for all children, and it 
is a debatable point whether studies such as English 
and mathematics, which are basio to all other studies, 
should be taught by specialists throughout the 
secondary schools. Most teachers must 
expect to teach some arithmetic at least, even if.the 
more specialized parte of the mathematics syllabus 
are in the hands of specialiste. For tbis reason the 
arithmetical competence of all training college 
studenta is a matter of direct and intimate importance 
to their teaching. 

Science teaching will be much more in the hands of 
the iste. In secondary schools, specialists with 
responsibilities for laboratories must teach the greater 
part of science. In many junior achools in Britain 
almost no science is taught at all. Although it is 
highly desirable that more science be introduced into 
Junior schools, it will not be highly specialized saienoe 


pose problems for the 


calling for special ifications, and any well-educated 
teacher ought to be able to cope with junior school 
science as he is expected to cope with junior school 
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geography, history or handwork. The demands of 
schools are for an adequate proportion of students to 
be well to serve as science and, in 
addition, it is desirable thai all teachers should be 
informed about the basic nature of the scientific 
developments which are such a common feature of 
the environment in this second half of the twentieth 
century. 
For all studente, standards to be desired are: 
reeset moy in both English and mathematios 
to qualify them as competent to teach the subjecte, 
a generally balanced education which inóludes a fair 
ledge of and interest in all the main subjects of 
the curriculum, including chemistry and physics as 
and i 


The interesta of the 


specialized main 
studies should be so distributed among the teachers 
that the staffs of schools are not unduly biased in 
their interests and include representatives of all the 
main, intellectual disciplines. 

These desirable standards are fulfilled in of 
English. The fact that the outlook for is 80 
healthy with entrants to training colleges is a reflexion 
of the fact that five times as many women honours 
graduates in English are being fed into schools by 
university departments as correspondingly qualified 
mathematicians. 

In arithmetic and mathematics the position is 
most unsatisfactory. In mathematics only just over 
half the stadenta enter training colleges with passes 
at Ordinary Level of the General Certifloate of 
Education, women studente rate it tenth on their 
lista of interests and 44 per oent say either that they 
dislike it or they derive no enjoyment from it. The 
Vernon Test discloses such gross shortcomings in 
simple arithmetio that many students will have to 
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spend time on basic arithmetic in the course òf their 
ing. In Land’s investigation only 198 women 

students out of 1,880 have elected to study mathe- 

matics as a main subject. 

For the 90 per cent of students who are not taking 
main mathematics, provision must be made to give 
them ample opportunity to prepare themselves for 

whatever eh oat and mathematics 
comes their way. Approximately half of these seem 
to have sufficient competence to begin on a course 
which should have a two-fold aim. A necessary part 
of this course should be to interest them in using the 
mathematical skills they have, so that they begin to 
value their irreplaceable contributian to the under- 
standing and appreciation of the world around them. 
This calls for the exercise of considerable imagination 
and. ity, and, at present, many training 
colleges do not find sufficient time on their time-tables 
to enable this task to be attempted with any hope of 
success. The other part of their course will be more 
closely pedagogical and devoted to ‘methods of 


For the other half of the studenta, these two courses 
need to be preceded and acoompanied by a further 
course in basic arithmetic and mathematios. Such a 
course should begin with the assumption that there 
is no confident facility with number work. It must 
also take into account that achievement and under- 
standing have been limited to arithmetic and that 
there is no background of appreciation of mathe- 
matical ideas to build on. It must start with the 
acceptance of shortcomings in the powers of visual- 
ization of mathematical and, so far as 
possible, begin with simple arithmetical processes and 
build up some picture of mathematical development 
without much recourse to abstract ideas, formulm or 
formal geometry. 

The staffing needs of mathematics ought to be 
reassessed. That about a quarter of the women’s 
colleges have been without full-time mathematics 
lecturers has always seamed, in Land’s words, ‘to 
have been scandalous’. 


ASSOCIATION BETWEEN AURORA: AND VERY LOW-FREQUENCY 
HISS OBSERVED AT BYRD STATION, ANTARCTICA 


By L. H. MART.N, Dr. R. A. HELLIWELL 
Radlosclence Laboratory, Stanford University, Stanford, Callfornia 
AND 


K. R. MARKS 


U.S. Antarctic Research Program, Washington 25, D.C. 


Oe a during 1959 at Byrd Station, 
Antarotioa (lat. 70-5° 8. geomagnetic), show a 
olose association to exist between aurore and certain 
very low-frequency hiss. The hiss usually occurs 
in a broad band with a oentre-frequency of about 
8 ko./a. The intensity and band-width vary with 
ionospheric absorption and may also vary with the 
intensity of the aurorm. Under conditions of extreme 
ionospheric absorption, the intensity of the hiss drops 
to undetectable levels even in the presence of intense 
the ocentre-frequency of this auroral hiss may be 
related to the type of aurora ; in particular, a coentre- 


ency of 9-6 ko./s. appears to be associated 
i red aurora. The average field intensity 
of the auroral hiss lies between 1 mV./m. and 
3 mV./m. 
The hiss was received with equipment designed for 
the study of whistlers and related very low-frequency 
. This equipment consiste essentially 
of a large vertical-loop antenna matched to a wide- 
band (150 o./s.—30 ko./s.) audio amplifier. The signals 
received were automatically recorded for 3 min. 
each hour. Auroral data were obtained visually 
as part of the regular International Geophysical Year 
programme. 
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The Slose association between the occurrence of 
aurore and very low-frequency hiss on frequencies 
greater than 4 ko./s. can be seen from the contingency 
tables. 


OOCURKENON AWD APEENOR OF AURORE amb Vary Low- 
FeeQuancy Hise above 4 Ko./s. 


Table 1. 


The contingency table of actual resulta (Table 1) 
may be com with the equivalent random table 
- (Table 3), which shows the resulta that would be 
expected if there were no aæocistion whatever 
between the very low-frequency hiss and surore. 


Tablo 2. BANDON OomTINamNOY TABLE OF OCCURRENCE AND 
AMNKOS OF AURORM AWD var Low-Frequency Hibs ABOTA 


Aurore { x 18 ne ` 
This comparison shows the significant association 
between the occurrence of the very low-frequency 


hiss and aurore. A statistical (x*) test on the above 
tables gives y = 418 for three degrees of freedom, 


BY I JULY 59 0235:28UT | 
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Fie. 3. Diurnal variation of hiss aé frequencies ter than 
4 ko.js. at Byrd Station. (e) July 1980; (b) August 1950 


thus strongly supporting the inference drawn from 
an inspection of the ‘Yes—Yee’ figures. 

As Table 1 shows, hiss occurring on a frequency 
greater than 4 ko.j. cannot always be associated 
directly with auroræ, nor oan visible aurore always 
be associated with hiss. The 81 occasions when. hiss 
was observed but no aurors reported comcide with’ 
periods when visual observations were not possible 
due to cloud cover or bright moonlight conditions ; 
it is probable that aurore did occur on these occasions 
and the discrepancy is not regarded as mgnifloant. 
The 18 occasions noted when aurore were observed 
without hiss oan be attributed to complete 
absorption of the hiss signal in the lower ionosphere 
during blackout conditions. the 
ionospheric storm of July 10-16, 1959, which was 
accompanied by considerable auroral activity, no 
hiss was observed during the periods of complete 
ionospheric absorption. The hiss signals returned 
simultaneously with the return of high-frequency 
echoes on the vertical-incidence ioncsonde. 

Auroral hiss as observed at Byrd Station is different 
in character from the usual very low-frequency Hise 
observed at this Station. The normal hiss band lies 
at frequencies leas than 4 Ko./s. and the hiss is usually 
associated with ‘chorus’, a mixture of rising and falling 
tones. Figs. la and 1b show a typical sonagram of 
the ‘auroral’ hiss, and it can be seen that the greater 
part of the energy is concentrated at encies 
greater than 4 ke./s. and that the hiss above 
16 ke./s. Figs. 4a and 2b show a typical sample of 
the normal very low-frequency hiss received at 
Byrd Station. Here the greater part of the energy ia 
concentrated at frequencies leas than 4 ko./s. and 
the hiss is acoompanied by ‘chorus’. The lower- 
frequency limit of the hiss appears to extend below 
150 c.fs., which is the low-frequency cut-off of the 


equipment. 
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The diurnal behaviour of the ‘auroral’ and the 
normal very low-frequency hiss are significantly 
different. ‘The average diurnal variation of the 
‘auroral’ hiss for July and August, 1959, plotted in 
igs. 3a and 3b shows two diurnal peaks, each 
comciding with periods of maximum auroral activity. 
The diurnal behaviour of all other hiss for these 
months is plotted in Figs. 4a and 4b. These curves 
show one signifloant peak and closely follow the 
diurnal pattern of ‘chorus’ activity as plotted in 
Figs. 5a and 5b. 

Figs. 3a and 3b show two diurnal maxima, each 
corresponding to different types of auroral activity. 
It has been 1,2 that these bi-diurnal peaks 
result from different diurnal distribution and obarao- 
teristios of aurors occurring in two distinct auroral 
zoneg, an inner zone, about 10° from the geomagnetic 
pole, and an outer zone, about 20° from the geomag- 
netic pole. The diurnal peak of auroral activity of 
the immer zone oomcides with the diurnal peak in 
cborus and very low-frequency activity at frequencies 
lees than 4 ko./s. Further study of this coincidence is 
required before any great signifloance oan be attached 
to it. 

Very low-frequency noise associated with auroræ 
has been previously reported by other workers. The 
simultaneous occurrence of sub-visual aurora, 
observed with a sky-scanning photometer, and 4-6 
ko./s. noise obearved on a narrow-band receiver at 
lat. 42° 8. geomagnetic as reported by Duncen and 
Ellis’ are not moonsistent with the obeervations at 
Byrd Station. 


Hypotheos have been advanced based on: (1) 
selective travelling-wave amplification in the outer 
jionospheret; (2) Cerenkov radiation‘; and (3) 
proton gyro-resonance*, The first two are similar in 
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Fig. 4. Dromnal variation of hiss at frequencies ko.j 
at Byrd Station. (s) July 1050; @) Angst cee t 
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Fig. 5. Diurnal variation of ‘chorus’ at B Station. (a) July 


1950 , (b) August 1 


many and do not appear to be inconsistent 
with the observations reported in this article. How- 
ever, the proton gyro-resonance hypothesis would 
seam to be applicable only to hiss occurring at 
frequencies less than that of proton gyro-resonance as 

inted out by Aarons et al. Since the dominant 

iss associated with aurore ocours at frequencies 
greater than 4,000 c./s. and the maximum possible 
proton gyro-frequency is about 800 o./s., rt appears 
that this hypothesis cannot account for the ‘auroral’ 


“hiss observed at Byrd Station. 


Further studies of available results are in progreas, 
and it is expected that the occurrence and frequency 
distribution of the hiss bands throughout one year 
will be established. Further field observations 
ahould geek to determine the detailed relationships 
between the spectral characteristics of hiss and 
aurora. In addition, it is important to determme 
the spatial distribution of hiss with geomagnetic 
latitude. This might be accomplished usmg suitable 
direction-finding techniques or spaced-station studies 
along a line of geomagnetio longitude. 

The very low- observations at Byrd 
Station were made by K. R. Marks, and subsequent 
analysis of the recorded tapes was carried out at the 
Radiogcience Laboratory, Stanford University, under 
National Science Foundation Grant 9511. The auroral 
data were compiled from observations by Mr. Marks 
and reports were issued by the U.8. Antarctic Re- 
search Program of the National Science Foundation. 


1Tamen, K., Nature, 184, 1375 (1059). 

PET a Ismx. Akad, Nauk 8.9.S.R„ Ber. Geofiz., No. 1, 
* Dunean, R. Ha and Hile, G. R., Nature, 183, 1618 (1059). 

4 r Esa” and Hellrwell, R. å., J. Res. Nai. Bur. Stend., 63D, 
* Ellis, Q. R., J. Atmos. Terr. Pige., 10, Nos. 5/8, 302 (1957). 

* Aarons, J., Gustafmon, G., and Hgoland, A., Natures, 185, 148 (1960). 
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PRECISION INTERCOMPARISONS OF LEAD ISOTOPE RATIOS : 
BROKEN HILL AND MOUNT ISA 


By F. KOLLAR, Fror, R. D. RUSSELL and T. J. ULRYCH 
Géophysics Laboratory, Department of Physla, Un'versity of British Columbia, Vancouver, 8 


ARIATIONS in the isotope ratios of lead as 
observed m Nature are bemg used to a steadily 
imoreasing extent for such problems as determining 
the mode of emplacement of sulphide ore bodice, 
estimating the absolute ages of deposition of certain 
mineral deposits and as a means of obtaining geo- 
chemical information about the distribution of 
uraniom, thorium and lead in the outer parts of the 
Earth. The precision with which such measurements 
oan be made is variable, and it is difficult to state an 
overall average, but uncertainties in a single analysis 
from a few tenths of 1 per oent in the various 
ratios up to nearly 1 per cent certainly occur. As 
more and more sophisticated methods for analysing 
these data are developed the mterpretations become 
more and more dependent on the available precision. 
We have recently constructed a mass spectrometer 
and have developed techniques which enable lead 
isotope ratios to be compared with a precision sub- 
stantially better than that previousty obtained. It 
is the purpose of this article to show some examples 
of the precise intercomperison of lead samples and to 
make a few preliminary interpretations of the results 
obtained. 

All the measurements described in this article were 
made on a 12-in. radius, 90° sector-type, direction- 
focusing mass spectrometer constructed in our 
laboratory. Apart from the fact that this instrument 
makes use of transistor and magnetio amplifiers im 
the various power supplies, it is not substantially 
different from the usual instrumenta of ita size. 

differences that contribute towards increased 
precision are the stability of the filament emission 
control, which is somewhat better than in many 
instruments, and the use of a servo voltmeter to 
measure the ion currente, which enables us to make a 
peak height measurement with a precimon much 
greater than we could obtain by measuring the record 
obtained with a chart recorder. Even with this 
precision and stability we are able to observe small 
variations in the ratios measured in a single sample 
from day to day. These variations are about 1/10 of 
l per cent. In order to minimise this effect we have 
compared each sample with a standard by observing 


Table 1. 





Divvanaxces IN ADLSURED IAAD ISOTOPE Barros 


15 8 

















16-1 


Pb-200/Pb-204 
uu. joad isotopo ratios by the University of Toronto; 
The the confi curve selected by Ruwell 
and Farquhar (in the press) 
alternatively two pairs of the sample spectra and two 
pairs of the standard spectra. Our procedure has 
been to compare the standard with one sample, then 
to compere this sample with & second, and finally to 
compare the second sample again with the standard. 
This gives & closed loop around which the deviations 
should sum to zero. In the measurements we obtain 
there is a olosure error which is distributed among 
the measurements in the loop. Thus to obtain values 
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49 Globe Mine + 0 008 — 0-04 -01, — 0 004 — 0011 — 0-08, 

Mount Ise ae 
50 Black Star — 0 039 — 021 —0 8, +0074 +0 087 + 0-11, 
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61 Level No No. 5 Orebody — 0 040 — 0-32 —-0% +0 104 +0048 +017, 
ee Level No. 9, No. 7 Orebody — 0 048 — 0-22 —-04, + 0:116 + 0072 +017, 
a Lavel No — 0 040 ~021 -0% +0 104 +0 061 + 0°18, 
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Pb-206/Pb-204 

Fig. 2. pe ee eee tie De ot Toronto 
ees bat N by Buseell 
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for two samples we require the equivalent of six 
separate analyses. However, this additional effort 
has been well worth while in the moreesed precision 
obtained. 

It should be remarked that the mtercomparison 
has been made poasible by having rather pure samples 
of lead tetramethyl made by purifying the producte 
of the usual Grignard reagent reaction in a vapour 
phase chromatographic column. Having pure samples 
increases the precision in a number of ways. Specific- 
ally, we are able to reproduce very pegs Batol E 
and composition of the gas in the mass 
Scien a ga cee is toe ate este 
spectrometer than we would otherwise be 
able to do, thereby oe the effect of preasure 
scattering. Despite bata pleat nd the tailing due 
to pressure scattering is significant and we make 
a correction for this in our final results. This correc- 
tion ordinarily amounts to about 0-06 per cent at the 
adjoining mass. 

Measurements made in this way are shown in 
Table 1 for samples from the conformable layer 
Broken Hill, New South Wales, Australia, and from 
Mount Isa, Queensland, Australia. Both these 
localities have previously been investigated by 
Russell, Farquhar and Hawley and by Stanton and 
Russell’. The results of the previous analyses are 
shown in Figs. 1 and 2, where it is clear that it is 
impoeaible to observe any convincing relationship 
between the Mount Ise and the Broken Hill samples, 
and which show very clearly the magnitude of the 
spread in the existing measurementa on these samples. 
Figs. 8 and 4 show the results of analyses made at 
this University with the new instrument and tech- 
nique. The difference in precision is very striking. 
In particular, the cluster of pointa presenting the 
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Table 2. RUPLIGATE AXALYSRS OF BANPLE I 


























1 tho 

Date of analysis 204/206 J206 208/208 
February 17* 6-108 96-60 ee 
February 1 6 107 06 58 224-18 
February 24* 6 203 06-40 223 50 
February 25* 6 205 06 63 223 90 
March 9 6 214 06-43 223-72 
March 10 6 213 96 42 223-75 
Mareh 14 6-205 06-49 223 -96 
March 16 6-208 06-38 248 71 
Maroh 6 200 96 39 228 73 
Mean of al analyses wi 6 205 06-44 223 -90 
deviations 0 006 +0 00 +018 
Moan of last five analyses 208 96-42 223 77 
deviakons + 0 005 +006 + 0-08 

cere | 


in Fig. 3 is just a factor of 10 
smaller than that previously Moreover, 
the distinction between the Mount Isa and the 
Broken Hill samples is now clear. The Broken Hill 
samples were calculated from peak heights measured 
with a Brown chart recorder, and are therefore 
slightly lees precise than the Mount Isa results, which 
were measured directly from our servo voltmeter. 

Table 2 liste the analyses of our comparison sample 
No. 1, which is identical with Toronto sample No. 
T-1003 and which in turn has been widely circulated 
as an inter-laboratory standard. It can be seen that 
even on an absolute basis the reproduoibility over a 
period of several weeks is quite good. It is also 
apparent that the reproducibility, particularly of the 
lead-208 value, is better for samples measured 
with the servo voltmeter. 

Although it is not primarily our intention to discuss 
the interpretations of these analyses in this article, 
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Ph-206/Pb-204 
Fig. 4. Aeannrod lad isot0pe FaNos by ue. Th The solid Ime is the 
conformable lead curve a eae Farquhar (m the 
press 


the following ae inte seem very clear. Stanton and 
Russell’, and en st al.‘ have suggested uniformity 
in isotopic composition as one of the criteria for 
non-anomalous leads. It oan be seen that the 
lead-207 /load-204 and lead-206 /lead-204 isotope ratios 
for the Broken Hill samples differ from their average 
value by leas than 0 07 per cant. These samples are 
obtamed from a 200 square mile area of the oon- 
formable lead-bearing deposits at Broken Hull. 
Such extreme constancy for lead isotope ratios 
for a region this size has never been demonstrated 
before. 

The ratio lead-208/lead-204 is not nearly so oon- 
stant, and we feel that the range of variation in this 
ratio exceeds the experimental error, which, judging 
from Table 3, should be no worse than for the other 
ratios. Note that this variation cannot be explained 
by an uncertainty in the lead-204 abundance. Our 
tentative interpretation is that the Broken Hill 
conformable leads have been contaminated by small 
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amounts (0-2 per cent) of radiogenic leads formed 
from an environment with a uranrum/thorium ratio 
three tunes the mean crustal or subarustal value. 
The largest contamination is observed in samples 
No. 30 and No. 44, which occur farthest from the 
north-cast—south-west line through Broken Hill 
parallel to the structural trends of the district. A 
similar trend is suggested by the measurements by 
Ruseell and Farquhar, but is obscured by the larger 
uncertainties of the measurementa. 

The Mount Isa samples are leas constant, and we are 
confident that the variation among these samples 18 
significant. Moreover, these samples do not fit on 
the identical growth curve that would be chosen on 
the basis of the Broken Hill samples. However, if 
the leas radiogenic samples are considered from each 
group, they fit a common growth ourve to within 
about 0-15 per oent. These two miming areas are 
about 800 miles apart and this lends some support 
to the ion that these leads have been derived 
from d by relatively simple processes, as has been 
suggested by Stanton’. The relationship among the 
Mount Isa samples is one that can be explained on the 
assumption that these are slightly anomalous leads 
being contaminated by thorium and uranium leads 
in therr crustal environment. It is apparent that the 
Mount Isa leads are younger than the Broken Hill 
leads by an amount not exceeding 80 million years 
and probably not greater than 40 million years if the 
least radiogenic sample from each location is oon- 
sidered. 

We are at present undertaking a series of measure- 
ments in an effort to find out whether suites of 
anomalous leads lie closely on straight linea as 
suggested by Russell, Farquhar and Hawley in the 
reference cited above, whether conformable Jeads as 
defined by Stanton lie as precisely on a single growth 
curve as liminary measurements have 
and whether samples of the same age do le on 
igochrons as postulated origmally by Gerling, Holmes 
and Houtermans. 

Technical assistance of J. L. Allard and P. H. Neu- 
larchner 1s acknowledged with thanks. The samples 
were supplied through the kindness of Dr. H. F. 
King, Dr. R. M. Farquhar and Dr. R. M. Thomson. 
This work has been supported by the National 
Research Council of Canada and the Geological Survey 
of Canada. 

1 Buseell, E. D., and Kollar, F., Oanadion J. Phys. (In the press). 
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* Stanton, R. L., Austral. J. Joi., 17, No. 5, 173 (1068). 


POTENTIOMETRIC STUDY OF PRIMING PAINTS FOR METAL 


By Dr. N. R. BHARUCHA 
Research Association of British Paint, Colour and Varnish Manufacturers, Paint Research Station, Teddington 


INCE corrosion is an electrochemical phenomenon 
it is reasonable to expect that a study of potentials 
on the surface of a corroding metal would yield 
valuable and interesting information concerning the 
corrosion process. Useful information has already 
been obtained from the study of changes in the poten- 


tials of metal surfaces corroding in an aqueous 
environment". 

The presence of single coats of oil pata on the 
metal surface does not interfere with the process of 
potential measurements as both water and dissolved 
oxygen permeate sufficiently rapidly through the 
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paint film. The effects of the coating on the corrosion 
reaction'may hence be determined. Potentiometric 
examinations of painted metal specimens have been 


random fluctuations. The resulta obtamed are only 
qualitative, since the interpretation of the curves 
must in all cases depend not upon the actual values 
but upon the direction of the drift of such potentials 
with time. Furthermore, depending on the 
anodio and cathodic polarization characteristics of 
the metal, a measured potential may be associated 
with either a very low or a very high anodic current 

ity. The measurement of such potentials also 
does not provide any conclusive information on the 
nature of any corrosion inhibition, that is, whether 
anodic or osthodio. 

A new method has been devised to provide data 
capsble of quantitative interpretation, measurmg 
individually the potential changes of anodic and 
cathodio areas of a partially painted test specimen. 
Since painted areas are generally found to be cathodic 
with respect to unpainted steel areas'4.1*, a single 
specimen. half-coated with a paint (primer) may be 
looked upon as forming a ‘contact couple’ when 
immersed in a corroding environment. A schematic 
representation of such a contact couple is shown in 
Fig. 1. The current lines are seen to be more oon- 
centrated at the painted/unpainted boundary with 
the different equipotential lines at right angles to 
current lines. 





[ad (AOI Aa) | travers of 
Rae SS a ee 
Paint 


Bteal 







Fig. 1. eemta Ge ropirosentaion of a onniaot connie formed: by 
a -painted mild stoel specimen 


The method consists essentially of scanning the 
surface of a specimen half-ooated with a paint and 
immersed in a suitable electrolyte, noting the poten- 
tials recorded at regular distances (1 cm., 2 om. 
3 om., eto.) from the boundary between the pamted 
(edthodic) and the unpainted (anodic) areas. The 
scanning is effected by means of a probe calomel 
electrode with a potassium chloride/agar bridge with 
a fine capillary tip (0-60 mm. diam.). The reference 
(calomel) electrode is placed at a fixed distance from 
the probe electrode and does not traverse the surface 
of the specimen. The tip of the probe electrode is 
kept at a distance of approximately 1 mm. from the 
surface of the specimen. The potential values are 
recorded an a valve potentiometer. 

The theoretical curves of potential against distance 
near the boundary between the anode and the cathode 
of a ‘contact couple’ are shown in Fig. 2; when the 
resistance of the electrolyte has an appreciably 
high value an S-shaped curve is normally to be 
expected?’, 
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Fig. 2. Theoretical potential/distance curve for the area near the 
pamted/anpainted boundary of a contact couple 


Cathode, painted ; anode, unpainted 


After a number of experiments with various 
electrolytes, triacetin (glyceryl triacetate), containing 
approximately 3 per oent water, was chosen, because 
of ita low electrical oonduotivity (1:1180 x 10-* 
mhos/om. at 25° C.), stability, and non-reactivity 
with the paint fikn for the duration of the experi- 
ment. 

A paint film may provide protection by: (1) 
resistance inhibition ; (3) chemical inhibition. Both 
types of inhibition can be detected by a study of the 
S-shaped curve. Variations in the dimenmons of the 
8 curve may be correlated with different degrees of 
resistance inhibition, a curve that is small and 
compressed denoting better resistance inhibition 
than one that is large and elongated. Changes in 
the shape of the S curve, showing a decrease in the 
potential values over either the anodic or cathodic 
areas or both suggest chemical inhibition. A 


ANOOIC 
INHIBITION 
CATHODIC 
INHIBITION 
PAINT STEEL 
CATHODE ANODE. 


Fig. 3. 
carve for potential/distanss produced by anodio and cathodic 
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Fig. & . Potential distribution between steel and red iron oxide 


schematic representation of such a deviation from 
the ideal curve is shown in Fig. 3. 

To illustrate. the types of curves obtained with 
films containing: red iron oxide or red lead in pale 
boiled linseed oil are shown in Figs. 4 and-5. 

were taken oyery 15 min. until threo consecutive seta of 
readings showed a constant value. A quick scanning 
was also carried out along two different paths over 
the panel to check the uniformity of the potential 
values. “These values were then used to plot the 
potential/distance curves. 

The curve obtained for the red iron oxide paint is 
smooth and 8 shaped, indicating that the oontributian 
of this pigment specimen to protection against 
corrosion is likely to be one of improving the structural 
barrier effect of the paint medium to ingress of mois- 
ture as a corrosive agent. The curve obtained from 
the red lead paint, however, shows distortion over 
both anodic and cathodic areas, suggesting that this 
material, in addition to providing resistance inhibi- 
tion, provides both anodic and cathodic chemical 
inhibition. 


SOME ASPECTS OF THE FIBRINOGEN-FIBRIN TRANSITION 
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PAINT DISTANCE IN CMS 


Fig. 5. Potential distribution between steel and red lead = 


Other priming paints have been studied and found 
to provide varying degrees of resistance inhibition 
and, in some cases, chemical inhibition. 
eo 0., and Sundberg, E., J. Iron and Steel Insi., 114, 210 
* Oallondar, L. H., Proe. Rey. Soc., A, 11S, 340 (1027). 
SMay, R., J. Inst. 


i 


R., 
. Iron and Steel Insi., 196, 379 (1932). 


1 Pryor, ML J., and Coben, J. Hiectrochem., Sec., 96, 263 (1961). 
* Pryor, kL J., and Coben, ML, J. Blectroohem. Seo., 100, 203 (1053). 
ats Ae Me ARA HATEG, H. E, Trons. Blectrochem. Soo., 08, 100 
1 Sohweltæer, `A., Z. Mlectrechem., 48, 624 (1030). 
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By K. LAKI, JULES A. GLADNER 
National Institute of Arthritls and Metabolic Diseases 
AND 
J. E. FOLK 
National Institute of Dental Research, National Institutes of Health, Bethesda, Maryland 


HE thrombin-catalysed conversion of fibrinogen to 
the insoluble gel-like polymer, fibrin clot, con- 
stitutes the final stage in the complex process of blood 


_ goagulation. 

* The observation that the thrambin-induced con- 
version of fibrinogen to fibrin clot is a two-phase 
process!,*; (1) an enzyme action modifying fibrinogen 


to fibrin, followed by (2) the aggregation of fibrin 
molecules, may be considered as the starting point 
in a systematic study of this last step in blood 
coagulation. Our present understanding of many 
of the chemicel and physico-chemical reactions 
involved in this conversion is a result of the ingenuity 
and combined efforts of many investigators. 
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The Enzymatic Phase 

The difference in isoelectric points? and titration 
curves of fibrinogen and fibrin‘ suggested that, in the 
enzymatic process, a small molecule (or molecules), 
bearing negative charges, was released from fibrmo- 
gen‘. These suggestions were substantiated when 
non-protein nitrogen’ and ninhydrm-reacting mater- 
val’? were found m the supernatant fluid of fibrin 
olote. Further studies revealed that the non-protem 
nitrogen, liberated during clotting, consisted promarily 
of two acidic peptides, afterwards designated pep- 
tides A and B (ref. 8). These findmgs indicated that 
thrombin was & protease. However, tho exact nature 
of the bond or bonds acted n by thrombin 
remained unknown. The fin that amino- 
terminal glutamio acid of fibrinogen is replaced by 
amino-terminal glycine in fibrm suggested that 
thrombin-catalysed hydrolysis occurred on the 
amino-side of specific glycine residues’. By the use 
of carbo: idase B, recently discovered in this 
laboratory}*,), it was possible to demonstrate argmine 
as the carboxyl-terminal residue of both peptides 
A sand B's, Since fibrinogen has no C-terminal 
arginine residues, it can be conoluded that the 
peptides are bound to fibrinogen through their 
arginme end. This evidence directly substantiates 
the previous tentative conclusion that the bonds 
hydrolysed by thrombin to liberate these peptides 
are arginylglycine bonds. 

The specificity of thrombin for ester or peptide 
bonds involving the carboxyl group of arginine has 
been demorstrated by the speed with which thrombin 
hydrolyses the synthetic substrate, tosyl-l-argmine 
methyl eater and its amide analogue, while 
attacking similar compounds of other amino-acids". 

The proteolytic nature of thrombin was further 
demonstrated by the observation that the clotting a8 
well as the esterase activity of thrombin becomes 
completely inhibited followmg treatment with di- 
tsopropy]phosphofluoridates'*. This reagent is a 
powerful inhibitor of a number of hydrolytic enzymes. 

Since thrombin inhibited by ditsopropylphospho- 
fluoridate can be restored to activity by chemical 
means, for example, by nucleophile attack, it may 
be postulated that the localization of the tsepropyl 
phosphate binding mvolvea the active site. The 
tsopropyl phosphate is bound so strongly to these 
enzymes that it survives mild acid hydrolysis. 
Employing dusopropylphosphofluoridate labelled with 
phosphorus-33 for the inhibition, the peptides oon- 
taining the radioactive phosphorus following mild 
hydrolysis can eamly be detected and isolated. We 
have isolated four such peptides of the inhibited 
thrombin". 

The composition of these peptides is shown m 
Table 1. Since serine is the common amino-acid, 1t 
is reasonable to assume that the serine hydroxyl 
group is the site of ihe isopropyl phosphate binding. 
Furthermore, it was possible to show, by end-group 
and sequence analysis, that the sequence of amino- 
acids m the vicinity of this serine is gly.asp.ser.gly. 
This 1s the same sequence that waa found at the active 
site of the proteolytic enzymes trypain and chymo- 
trypemi41®, 

Table 1. RADIOAOTITE PHOSPHOPEPTIDES ISOLATED FROM THE SYSTEX 
DivsoP20PYLPHOSPHOFLUORIDATS-THROMBIE 


Fraction of peptide Amtno-acld composition 
2 Asp, Ber, Gly) 
4 i Ser) 
5 Ber, Gly) 
7 Asp, Bar, Gly) 
8 Asp, Ser, Gly, Gha, Ala) 
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These observations, which clearly class thrombin 
among the proteolytic enzymes, do not fee why 
the action of thrombin 18 limited to the hydrolysis 
of a few arginyl peptide bonds in fibrinogen. There 
must be many such bonds ın this protem. Trypem, 
for example, splits many arginyl bonds of several 
proteins, including fibrmogen, which are not suscept- 
ible to the action of thrombin (Mihalyi, E., personal 
communication). It is conceivable that the uniquo 
sequence of amino-acids around or in the viomity of 
bonds susceptible to thrombm directs this ‘limited 
proteolysis’ in a manner similar to that postulated 
for the selective bond-cleavage which ocours during 
the tryptio activation of trypemogen”’. 

In order to explore this theory of ‘limited proteo- 
lysis’ as well as to obtain amino-terminal sequence 
data on fibrinogen, an amino-acid sequential analysis 
of peptides A and B was undertaken. For such 
investigations, peptides 4 and B were separated, 
isolated and purified by chromatography on an 
anionio cellulose exchanger. Combined sedimenta- 
tion and diffusion results with the purified peptides 
indicated a molecular weight of 2,000 for peptide A 
and 2,400 for peptide B. The quantitative amino- 
acid analysis of these peptides gave minimum 
molecular weighta of 1,890 and 2,460 for peptides 


A and B, respectively, m good agreement with the 
physical measuremente!,"!, 


Peptide 4 

gltasp.gtyser asp.pro.pro.ser.gly asp.pheleu.thr.gtugly gly gly. 
Peptide B 

PE thr.giy.tyr-50,.phe.arg.lys. )vralgiy leu.giy.ala arg. 


Fg. 1. Sammary amino-acid sequen 

"St peptide A wad partial ammo-acid woquance of pepude B 

Fig. 1 shows the postulated amino-acid sequence of 
peptide 4 (ref. 22) and the partial amino-acid sequence 
of peptide B. (A sequence similar to that presented 
in this article with the exception of the position of 
one aspartic acid residue in peptide A has been 
reported recently im a short communication™.) In 
peptide A, the free carboxyls of aspartic and glutamic 
acids are rather evenly dustmbuted along the peptide 
chain and are separated from the C-terminal arginine 
by the gly,.val sequence. The two adjacent proline 
residues can form a pomt at which the direction of the 
peptide chain may be reversed. It should be men- 
tioned that the prolylprolme sequence hes been 
found m the melanophore-stimulatmg hormone from 
pig anterior piturtary gland“. This type of Imkage 
(that is, between two cyclic amino-acids) has been 
suggested as a recurrent one in gelatm™*. Although 
our present knowledge of the structure around the 
bonds of fibrinogen susceptible to thrombin is limited 
to the amino-acid sequence of peptide A and the 
partial sequence of peptide B, it ıs, nevertheless, 
tempting to speculate on the unique and narrow 
specificity of thrombin ın its role of releasing these 
peptides from fibrinogen. There are in each peptide 
two proline residues as well as several dicarboxylic 
amino-acids—gly,.val in the case of the A peptide, 
and val.glyleugly.als. in peptide B. The high 
density of negative charges, perhaps oriented in some 
specific manner relative to the remainder of the 
fibrinogen molecule, may contribute to the selective 
cleavage by thrombin. This type of structure has 
been postulated to be involved in the selective bond- 
splittmg which occurs during the tryptic activation 
of trypsinogen"®. Other residues or groups of residues 
in the peptide molecules may exert a further orienting 
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effect, as suggested by the prolylproline sequence of 
peptide A. In line with this suggestion is the ability 
of thrombin to hydrolyse gelatm™. . 

On the other hand, the structure of the peptides 
per sp may playing patt m the transition of fibrinogen 
to fibrin, other than that of masking hydrogen-bond 
donor or acceptor groups which are afterwards 
involved in polymerization?! (see polymerization 
phase). Remdues or groupe of remdues on the 
glycine mide of the argmme glyome bonds which are 
attacked by thrombin may be altogether responsible 
in directing the specificity of this enzyme. 

The enzymatic phase of the flbrmogen—fibrin 
transition may be summarized by the following 
reaction : 


m 
fibrin + (peptide 4) 
(peptide B) 

In the next step, fibrin molecules polymerize to 
form the clot, but the peptides 4 and B are left 
freely dispersed in the clot liquor. In co-operation 
with E. Leonard (National Heart Institute), we have 
observed the action of these peptides on the carotis 
muscle of rabbit. This effect ıs probably amular to 
the stimulating effect observed on frog heart by one 
of us’. With an isolated preparation of rabbit 
carotid artery strip, suspended in such a way that the 
muscle could be stimulated electrically and tension 
meesured"*, it was found that 250 pgm./ml. of peptide 
B caused a slow rise ın the tension exerted by the 
muscle fibres without electrical stimulation, and that 
in the presence of 80 pgm./ml. the tension developed 
in response to electrical stimulation was increased 
over control values. Although these results are based 
on experiments with only two preparations of peptide 
(on four strips of artery) and the specificity of the 
effecte hag not.yet been adequately studied, it is 
tempting to speculate that in tissue trauma the 
cleavage of fibrinogen leads not only to clottmg but 
also to local vasoconstriction through the release of 
the peptides The local concentration of peptides 
A and B, assuming complete conversion of fibrinogen 
to fibrin, would be approximately 120 ygm.fml. 
Although the tissue concentration of peptide might 
well be lees than the 80 pgm./ml. found to affect the 
contractility of the arterial strip, it is frequently 
observed that the sensitivity of smooth muscle in the 
large vessels is much less than that of the arterioles 
and pre-capillaries, and, therefore, a local constrictor 
action of the peptides sn vivo remains a possibility. 


k thiomb: 
fibrinogen = 


The Polymerization Phase 


Depending on conditions, pH, ionic strength, etc., 
the fibrin molecules formed in the enzymatic phase 
quickly aggregate to form a network-like struc- 
ture, the fibrin clot. However, the aggregation is 
not completely random. For example, electron micro- 
graphs reveal interesting regularities in these clota**. 
In addition, various physicochemicel measurements 
indicate that the fibrm molecules are held together 
in the olot by about ten hydrogen bonds*’. Such a 
great number of bonds might be indicative of large 
areas of oomplementariness between these fibrin 
molecules, further suggesting that the molecules 
actually aggregate into a highly ordered network. 
The pattern and properties of this network are 
‘eoded’ into the fibrin molecules. In order to under- 
stand more fully the clotting process, this ‘coded’ 
pattern must be elucidated in terms of chamical bonds, 
bond patterns, and bond forces. For details, the 
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PEPTIDE A 





PEPTIDE 8 


ne Sehematic representation of the N briioger moleoules 

(rer 83). The arrows indicate the location of the . bond, 

atte of thrombm astton The ‘legs’ on whioh peptides 
stand indicate hydrogen bonds (raf. 27) 


reader is referred to a recent review by Scheraga and 
Laskowski’. 

Recently the formation of four N-termmal glycine 
residues on fibrin, replacing the two N-terminal 
glutamic acid residues removed with peptides 4 in 
fibrinogen, was reported’*. This is indicative of the 
rupture of four peptide bonds. This observation, 
coupled with the reported release of about 3 per cant 
of the fibrmogen nitrogen, can be satiafled by postulat- 
ing the release of two each of the acidio peptides per 
820,000 gm. of fibrmogen. One each of the peptides 
would be released from 160,000 gm. of fibrinogen, 
suggesting this value as the molecular weight for 
monomeric bovine fibrinogen. 

Undoubtedly the removal of these peptides is a pre- 


p 
qe 


requisite for the subsequent polymerization of the ` 


fibrm molecules. These highly charged peptides 
could ooncervably prevent the association of fibrino- 
gen molecules (for example, by masking binding 
sites). It 1s of interest to speculate whether the 
removal of both these peptides is n for 
clotting, since it is possible to obtain a clot by anake 
venom enzyme with the removal of only peptide 4 
from fibrmogen™. However, under conditions where 
only peptide A is released, the subsequent aggregation. 
of fibrin molecules 1s almost exclusively end-to-end. 
Normally, both peptide A and B are released and the 
fibrin molecules aggregated end-to-end as well as 
side-by-side. It is thus posmble to have essentially 
all fibrin molecules moorporated into a clot while 
the clotting process is still gomg on. Unless the end- 
point of the clottimg is properly ascertained, one may 
conclude that the removal of only one of the peptides, 
peptide A, is necessary for normal olotting. The 
termination of the clotting process is clearly recog- 
nizable when the clotting is followed in a calorimeter ; 
the ceeeation of heat evolution marks the end of 
clotting’. When the olot liquor 1s examined at 
this point, it is found that it contams both peptides 
A and B. 

When the clotting is followed in a pH-stat, the 
uptake of base stops after the cleavage of two peptide 


No, 4739 August 27, 1960 


bonds per 160,000 gm. (Mihalyi, E., personal 
communication). Again the clot liquor contains 
both the two peptides. 


Since the release of peptide 4 favours end-to-end 
aggregation, one may conclude that peptide A 18 
located at the end of the fibrmogen molecule and 
peptide B on the side of the molecule. 

In electron microscopic examinations, the fibrino- 
gen molecule appears to resemble a string of three 
beads with a total length of about 475 A. (ref. 33). 
Aocceptmg the localization of peptide A on the end, and 
B on the side, the fibrinogen molecule may be pictured 
as ahown in Fig. 2. In this illustration the peptides 
are in their unfolded state. The lack of any helical 
structure m these peptides is inferred from optical 
rotation measurements we have made on the isolated 
peptides im purifled form (unpublished resulta). 
There is also indication that these peptides have no 
helical structure when bound to the fibrinogen mole- 
cule, since no change im the optical rotation of 
fibrinogen is observed when the peptides are split 
off by thrombin™. 

The picture of fibrmogen—fibrin transformation 18 
not complete without mentioning that the olot 
formed in normal plasma differs from that formed in 
the punfied fibrin bin system. While the 
clot formed in the purified system w soluble 
m 8 M urea, the normal plasma olot is not, m- 
dicating that in plaama some factor causes the 
formation of strong bonds between fibrm molecules. 
The existence of such a factor can eamly be deman- 
strated». 

The addition of calcium ions and serum to a purified 
fibri thrombm system resulta m a fibrin clot 
which is insoluble m 8 M urea. (This factor has been 
called L-L factor” or fibrm serum factor*'.) Recently 
this factor has been isolated and purified 8,000 fold?* 
from human plaama and has been found to contain 
a number of easily oxidizable SH groupe which are 
necessary for rts activity. It is a protein with a 
molecular weight of about 1/2 million*. The mode of 
action of converting urea-soluble fibrin olot into ures- 
insoluble clot has not yet been fully elucidated, but 
the fact that very small amounts of the pure factor 
are enough to convert the clot mto ita insoluble form 
suggests that ite action on fibmn is enzymatic. The 
factor apparently is manufactured m the blood-form- 
ing organs. In certam diseases, especially with 
serious disturbance m the metabolism of bone marrow, 
this faotor is missing, only the defective ures-soluble 
clot being formed™. The problem of why bone marrow 
is mvolved in formation of blood clots is intriguing 
and remains to be investigated. 
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It is hoped that the few experimenta discussed in 
this short review illustrate the extent to which the 
molecular aspects of the fibrmogen—fibrin conversion 
have been clarified by the efforte of scientists of 
varying disciplmes. The realization 1s also emerging 
that the last phase of blood clotting 1s intimately 
mter-related to other physiological processes such as 
the normal functionmg of the bone marrow and the 
contractility of the capillary bed. 
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POSSIBLE OCCURRENCE OF INTERFERENCE SYSTEMS IN 
VIRUS-INFECTED PLANTS 


By A. D. THOMSON * 
Agricultural Research Counal Virus Research Unit, Huntingdon Road, Cambridge 


NTERFERENCE between plant viruses was first 
demonstrated in plants infected with tobacco 
mosaic virus! and has smee been demonstrated 
between serologically related strains of many plant 
viruse’ and between some apperently unrelated 


* Present address: Plant Diseases bag el meg of Son- 
tills and Industral Research, Chostchorch, New A 


viruses’. Although several theories have been 
proposed. to explain interference’, the most recent by 
Best‘, there is little evidence on the mechanisms 
mvolved. In the experiments described below 
interference was measured by the ability of an 
inoculum that does not produce local lesions (inter- 
fering strain) to affect the local lesions produced by 
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another strain when the two are moculated simul- 
taneously to susceptible leaves. Inhibition of infec- 
tions by lesion-forming strains in theee conditions was 
first described by Sadasivan'. The present results 

that sap from virus-infected plants contain, 
in addition to infective particles, another factor that 
inhibite infection. 

Table 1 shows the extent to which unfractionated 
gap from leaves infected with tobacco mosaic virus, 
potato virus X and potato virus Y decreased the 
number of lesions produced by lesion-forming strains 
of these viruses. Reduction in lesion numbers was 
accompanied by reduction in recoverable infectious 
e In addition to fewer lesions being formed, 

roduced by the mixed inocula were smaller 
ed produced by the single strain. 

Interference during simultaneous infection occurred 
with serologically related viruses (Table 1). Thus 
unfractionated extracts of 3 strains of tobacco mosaic 
virus inhibited the ribgrass and sucube strains and 
extracts of 5 strains of virus X inhibited 3X#-1. 
Extracts of unrelated viruses did not inhibit tobacco 
mosaio virus or virus X. However, extracts from 
plants infected with severe etch virus, virus ¥ and 
tobacoo mosaio virus inhibited infection by cabbage 
black ringspot virus (Table 1). 

Virus preparations of apperent equal infectivity 
differed cantly in their ability tô interfere with 
infection leaion-forming strains. For example, 
with tobacco mosaic virus, interfering activity was 
greathy reduced by heating expreased sap at 55° or 
60° O. for 10 minutes and by expressed sa. 
against distilled water for 48 Shiga (Table 2). Loss of 
interfering also occurred during purifloation 
of the virus by precipitation with ammonium te 
(Table 2) and after 5 cyoles of high- and low-speed 
centrifugation. 

In the case of virus X, freezing leaves before 
extracting sap resulted in elimination of interfermg 
activity (Table 2) although this treatment did not 
reduce the interfering activity of tobacco mosaic virus. 

tions of tobacco mosaic virus which showed 
little Interference with mfection did interfere with the 
size of lesions of the lesion-forming strain (Table 2). 
This suggesta that two factors responsible for inter- 
ference ooour in unfractionated sap; one is moro 
unstable than the virus and inhibits infection and 


Table 1. IWHIMITION or Lusioz-FoRmiwe BY NON-LBSION-FORMING 
VIRUSES 
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Table 2. Byrncr or N INTERYELING ACTIVITY or 
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Interfermg preparation* sept]. i 
strain > 

Type, ‘pe’ stram tobacco mosaics vraj 5 
ted oper S010 min, ot 100 
16 128 
aii 70 
70 
precipitated onset 54 
preairmtated three times 5 
unfrachonated 14 - 58 
hnactrvated by ultra-violet light 161 100 
worrradisted a 35t 100 
AST4 strain potato vras X i 
from frozen leaves 40 
64 





scheint is 


and concentration 
of infecttrity equal 


ammonmm 
illod watar: to'gtve: prepara 
One A ia airan contents in alis: 


another which is always associated with infectivity 
and inhibits virus synthesis or movement after 
infection. However, with all infectious preperations 
the interfering system would be formed after infection 
and the same factor may be responsible for both 
phenomena. 

Except possibly for homologous antisera and 
irradiated virus preparations’ there is little evidence 
for specificity in the action of plant virus mhibitors. 
ee eg phenomenon appears to differ from that 

by Bawden and Kleczkowski’, since preparas- : 

tions of tobaceo mosaic virus which inhibited infection - 
were not inhibitory when maoctivated by ultra-violet 
light (Table 3). Virus protein prepared by fission of 
tobacoo mosaio virus with alkali is also an inhibitor 
of infection’, but there is no evidence that`it is 
specific. Expressed sap from leaves infected with 
tobacco mogaio virus was centrifuged at 36,000 r.p.m. 
for 60 min. in rotor 40 of the Spinco model L ultra- 
centrifuge. Interfering activity waa not present. in - 
the sane: amore fluid. This suggests that oertain 
rotems associated with virus infection 

are pya invo. with interference. Density-gradient 
centrifugation of tobacoo mosaio virus and virus X 
in sucrose showed that infectivity and interfermg 
activity occurred in the same gone in the gradient. If 
interference systems occur, then these appear to be in 
some way associated with virus particles. Virus 
multiplication also resulta in the appearance of other ` 


producta in extracts from virus-infected plants, and of - '. ` 


particular interest here is a virus-inactivating system ' 
present in plants infected with Rothamsted tobacco 
necrosis virus and tobacco ringspot virus’. This ` 
inactivating system seems to differ from mterference ; 
for example, the inactivating system does not occur 


in tobacco plants infected with tobacco mosaic 


virus’. 
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HISTOCHEMICAL LOCALIZATION OF HUMAN, TERM PLACENTAL 


17@-CESTRADIOL DEHYDROGENASES: 


IMPLICATIONS 


* FOR THE TRANSHYDROGENASE REACTION 


By Dr. DONALD A. KELLOGG and Dr. GEORGE G. GLENNER 


National Institutes of Health, Bethesda, Maryland 


HREE 17f-cstradiol-sensitive enzyme 
have been described in human, term tal 
tos: a diphosphopyridine nucleotide (DPN)- 


experiments 
the problem. If only one protein exists, or if the 
*function of the two is er iy le lore ob 


trangh: enation, one would expect similar cellular 
localization of the two ydrogensses. On the other 
hand, histochemical localization of the two 


dissimilar 
nucleotide-lmked dehydrogenases would be consistent 
with the existence of more than one protein: system 
the dehydrogenation of 17P-costradiol. The 


; W 

iphosphopyridine nucleotide-linked 83ß8-ol steroid 

X in rab ovary, adrenal cortex, testis, 
and liver and human corpus luteum, adrenal cortex, 
and the synoytiotrophoblast of term placenta’. In 
these experiments, no attempt was made to demon- 
strate a triphosph idine nuolectide-lmked re- 
action; however, Wa suggested that the 
presence of a 38-01 steroid dehydrogenase implied the 
existence of a steroid mechaniam. 

The present histochemical observations show that 
‘tha two 176-estradiol deh: reactions of 
human, term placenta have characteristically different 
celtular localizations. 

Ten term placentas were frozen within 30 min. of 
delivery ; fresh frozen sections, lOu thick, were cut 
on & freezing microtome, mounted on slides, and 
immediately imoubated in appropriate media for 
1-8 by. at 87° O. Other specimens were fixed for 
4 br. in neutral, 10 per cent formalin, washed, and 
carried rongi identical sectioning and inoubation 
procedures. The incubation medium for demonstra- 
tion of activity consisted of 2 moles 
of pH 7-4 iris buffer, 2 umole of steroid substrate, 
50 umoles of oxidized pori 50 mgm. of orystal- 
lms boving albumin, and mgm. of nitro-biue 
eee eee a er oe a The 


P 
won 


addition of 1 umole of Mg or 0-2 umole of Zn to 
the medium did not alter the characteristics. 
For histochemical localization of tri- or di-phospho- 
pyridine nucleotide diaphorase, 50 umole of reduced 
nucleotide replaced steroid substrate and oxidized 
nucleotide in the incubating medium. 

Tri- and di-phosphopyridine nucleotide disphorase 
were demonstrated in cells of the trophoblast, stroma 
and decidus. There was no difference in the dis- 
tribution or intensity of the two diaphorase reactions. 
apei in the presence of 178-œsiradiol and di- 

yridine nucleotide was most prominent m 
Daler hoblast and decidus and less intense 


pat aia ioe ig. Ia). Incubation with 17f-wetradiol 

and triphosp. nucleotide intense 
staming of the stroma; but there was 
no detectable reaction in the cells of the oblast 
or decidua following 1 hr. imoubation (Fig. 1b). 
Although a 3hr. pensam n of 178- 
estradiol and triphospho ide produced 
& minimal reaction in ihe cropkoblaet: the staining 

i described above were accentuated. 


Hither oxidized nucleotide imcoubated with 17a- 
cetradiol, stilbostrol or œstrone produced no stain- 
ing. Both reactions were hibited by 
50 pmoles of mercurio chloride in the incubating 
medmm. Raising the pH to 8-6 did not appreciably 
affect the reaction although lowering it to 6:4 lessened 


socemeu oi EOWA T i a a aaa 
agreement with known biochemical findings™~t : 


eae that the differences demonstrated here are 
not due to such factors as differences in binding of 
tetrazolium salt, tho existence of a diffusable enzyme, 
differences in reaction-rates with the two nucleotides, 
Interaction of steroid with diaphorage or oxidese, or 
coupling of enzyme to diaphorase 
To investigate the possibility that the marked 
staining of the trophoblast and decidua in the 
diphosphopyridine nuoleotide-linked reaction was due 
to preferential binding of tetrazolium salt, placental 
slices were incubated in the usual medium containing 
all constituents except nucleotide and steroid sub- 
strate. Following the of these sections and 
the reduction of the tetrazolium salt with 0-1 
ammonium polysulphide solution’, no p 
decidual or trophoblastic binding was noted. 
To determine if enzyme diffusion ocourred, placental 
slices were overlaid on inactivated rat kidney slices 
and incubated in sppropriate media. Moderate 
pear gk of the kidney in the presence of 176-castradiol 
and diphosphopyridine nucleotide waa obtained, but 
there was no detectable staining of the kidney in the 
Presence of 17f-cestradiol and triphosphopyridine 


cent 
erential 





Fie. 1.6 


Localization of 17f-cstradiol 
- enoaltea tion of 17f-~estradiol 


nucleotide following 1 br. meubation. Formalin 
fixation for 4 hr. did not alter these phenomena. 
Either reduced nucleotide incubated without steroid 
substrate in overlay experiments produced no 

of the mactivated rat kidney. Tnpabation of 

sections in buffer alone foe 15-30 min. felled by by 
transfer to a medium containing substrate and 
oxidized nucleotide revealod a decrease rether than 
an increase in trophoblastic and decidual staining. 

Although these differences in steining of the over- 
laid kidney may be y or wholly expleined by the 
fact that plecental homogenates reduce triphospho- 
pyridine nucleotide in the presence of excess 178- 
cstradiol a one-half as rapidly as 
diphosphopyridine nucleotide**, the total lack of 
triphospho nucleotide-linked reaction in the 
inactivated rat kidney militates against it. Further, 
this cannot explain the characteristically different 
staining patterns observed in the placental slices 
with the two nucleotides and the fact thet these 
differences are accentuated by prolonged incubation. 

The possibility that 17B-cptradiol is affecting the 
yc differentially or inhibiting reduced di- 

dme nucleotide oxidase, as shown bio- 

areali by Yielding and Tomkins’, and thereby 

diverting electrons to diaphorase, was examined by 

malate aa Gee with feed ai or tri- 

phosphopyridme nucleotide and steroid. No sig- 

nificant differences resulted when compared with 
identical incubations without steroid. 

Pe peo nein a pes eae Urea neta 

led predominantly to triphospho- 

dine aunleotias diaphorase in the stromal cell and 

teas to diphosphopyridine nucleotide diaphorase in 

the trophoblastic cell appears unlikely in view of 

the intense reaction in the trophoblastic cell in 

the presence of reduced triphosphopyridine nucleo- 
tide. 

In placental homogenates the diphosphopyridime 
nuclectide-linked reaction can be inhibited by small 
quantities of triphosphopyridine nucleotide’. At- 
tempts were made to demonstrate this histochemically 
by preincubation of a placental slice for oe 
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a medium contaming ere 
pyridine nucleotide followed by 


meubation with 178-csetradiol 
and diphosphopyridme nucleo- 

tide for 1 hr. There was no sig- 
nificant difference between the 
resulting staining pattern when 
compared with controls prein- 
cubated in buffer and albumin. 

The same findings resulted when 
slices were preincubated in di- 
phosphopyridine nucleotide and. 
transferred to a medium oon- 
taining 17f-costradiol and tri- 

phosphopyridine nucleotide for 
l hr. Incubation in a medium 
containing 17f-wstradiol and 
both oxidized nucleotides re- 
sulted in a summation of the 


upon incubation with 
nucleotide individually. 

The observations in this histo- 
chemical system for the two de- 
hydrogenase reactions strongly 

that at least two distinct 
178-cetradiol-sensitive enxymes 
are being demonstrated. If the 
fanction of these two enzymes is to perform trans- 
hydrogenation, or if there is only one enzyme which 
because of its dual nucleotide specificity can perform , 
transhydrogenation, one mee expect the staining re- 
actions to be similar. In these experiments such was 
found to be the case only in the stromal cell. The ap- 
parent absence of significant 178-costradiol triphospho- 
pyridine nucleotide-Imked deby: activity m 
the celis of the trophoblast and decidua where the 
17f-coptradiol diphosphopyridine nuolectide-linked 
dehydrogenase activity is most minent makes it 
unlikely that the two dehydrogenases function 
together im these cells principally as mediators of 
TPNH-DPN transhydrogenation. It is suggested 
that the differant distributions of the two dehydro- 
genase reactions in these two ocell-types reflects. e 
different qualitative function for 17B-cstradiol in - 
each oell. It is noteworthy thst the diphospho- 
pyridine nuclectide-linked reaction resides im the 
synoytiotrophoblast, the site of a diphosphopyridine 
nucleotide- 88-ol steroid dehydrogenase pro- 
sumably associated with a steroid 
apparatus, and predominantly in those tissues directly 
associated with nmplantation, that is, trophoblast and 
decidua—tissues shale have no significant triphospho- 
pyridine nucleotide-lnked activity. 

We wish to expreas our thanks to the physigians 
of the Obstetrical Unit of the National Naval Medical 
Center for their generous assistance, and to Dr. Roy 
Hertz for his helpful advice and criticism. 
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LETTERS TO THE EDITORS 


CRYSTALLOGRAPHY 


Mimetic Twinning in Urea~-Ammonium 
Bromide 

Dorre an investigation of the orystal structure 
of the 1: 1 complex formed by urea and ammonmum 
bromide is was found that certain of the crystals 
obtamed from solution exhibited orthorhombic 
symmetry whereas the remainder appeared to belong 
to the lower monoclinic system. Examination of these 
under the polarising microscope did not reveal any 
obvious 

determination afterwards revealed the 

true symmetry to be monoclinic and the peeudo- 
symmetry shown, by some of the crystals appears to 
be a result of twinning by crystallites of small 

The pseudo-orthorbombic cell may be satisfactorily 
-accounted for on the grounds of equal numbers of 
crystallites twinned as a result of a 180° rotation 
about the c axis aa shown below. The symmetry of 
the monoclinic cell projection is p2 and the resulting 
symmetry of the orthorhombic cell comm (shown in 
dotted outline). 

In order for it to be possible for an orthorhombic 
Beh oE thle ayamay 20-remnt, Sean $A) yee AS 


twinning, the geometrical relation a cos B = 7 must 





Weg. 1. -Formation of the peendo-orthorhombis cell resulang 
from Redundant two-fold axes withm the cell (that is, 
those w 


do pot supermmpoes) are marked with a oroas 


hold within the monoclmio cell. This is satisfied 
by the complex with a =8-9A.,c=7-1A. and 
P = 102°. (The relationship mentioned above is 
similar to that which resulta m 

to the Carlsbad law as evidenced in fe 


a ow = =) 


A further feature resulting from this twinning is 
that only half the urea molecules and bromide ions are 
directly superimposed in projection along with b axis, 
and consequently the Fourier map for this projection 
of the pseudo-orthorhombic cell shows a set of peaks 
for these having only half the expected electron 


when. 


Further work on the structure is in progress and 
fall details will be published later. 

Thanks are due to African Explosives and Chemical 
Industries, Ltd., We Mee ee hee 
work, and to Drs. J and W. H. Aarte 
for their valuable help. 

C. G. C. Carzssy 


Resarch Department, 
African losives and 
Chemical ies, Ltd., 
P.O. Northrand, 
Transvaal. 


PHYSICS 


Pure Rotational Association of Ozone 
In the Region 125-500 Microns 


Punx rotation spectra of gaseous ozone have been 
recorded in the laboratory for the wave-length 
range 125-5001. This extends the region observed 
by Denti and Lord (125-2004) to longer wave- 
lengths, but has a useful overlap with their results’. 
It also covers part of the observed far infra-red solar 
spectrum where some unidentifled features were 
attributed to absorption by ozone in the upper 
atmosphere*. 

Oxone was made by passing oxygen through a 
glass apparatus with an annular region in which there 
was a silent discharge. A mixture of oxygen and 
ozone was condensed in & trap surrounded by liquid 
nitrogen and, by slowly warming up the trap, the 
oxygen was removed by fractional distillation, leaving 
liquid ozone. This was then evaporated into an 
absorption cell which was part of the interferometer 
arrangement shown in Fig. 1. In this the whole 
optical path between the source and the detector can 
be evacuated to a preasure of leas than 10-* mm. 
mercury, and « trap cooled externally with liquid 
nitrogen further reduces the amount of water vapour 
to the point where ita absorption is negligible. The 
@laas absorption cell was 10 om. in length and was 
fitted with orystal windows 2 mm. thiok. 
These were sealed with silicone rubber ‘O’ rings, and 
silicone grease was used in stopcocks and jomts 
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connecting the cell to the rest of the gas- 
equipment. With this arrangement the stability of 
the sample was such that the amount, measured by 
the total absorption, was not leas than half the mitial 
amount after 25 min., which was the time taken to 
complete one run. Interferograms were recorded, and 
spectre derived from them by Fourier transformation 
on a digital computer. The methods used for this, 
as well as a fall iption of the interferometer, 
will be given in-later publications. Brief descriptions 
have already been published?. 

Fig. 2 shows typical results from a number of 

recorded. Each curve was obtained by finding 
ee T eS ee a 
with gas in the oell and one with oell 
For comparison are also ahown the centres of gravity 
of the Q branches of ozone as calculated by Gora‘ 
(fall lines) from microwave observations, and the 
positions and strengths of the strongest lines of 
H,O as given by Benedict in a private communica- 
tion (dotted limes). No relationship between the 
intensities of ozone and water lines is implied in the 
scale of the 

It will be peen that the absorption of Q branches 
observed at the positions indicated ia well marked, 
but elsewhere the reproducible features in the spectra 
largely oarrespond to the positions of water lines. 
These are not present in the spectra taken with the 
coll evacuated and must be caused by water in the 
ozone sample iteelf. Since this has been ted. 
from a trap at a temperature of about 150° K., it 
seems. certain that the water must have resulted 
from the reaction of ozone with ing in the 
cell. The only likely material would be the silicone 
rubber or silicone grease. 

The spectral resolution, here defined as the width 
ab half-intensity of a spectral window which is 
approximately gaussian, is about 0-8 om.-! for the 

shown. A number of runs have also been 
made with the higher resolution of 0-8 om.~! but have 
not so far given any new information. The scale of 
intensity oan only be given roughly since there are 
two sources of uncertamty. The first is the decay of 
the sample during the run; the second is that the 
soale depends on the aemumption that the continuous 
background absorption is negligible at some selected 
point chosen in taking the ratios of the spectra. The 
values of absorption at the 46-cm.-! minima in the 
spectra A, B and O were, respectively, 34, 29 and 
40 per oent. 
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These results extend the range in wave-length 


where there is agreement between the itions of 
observed minims and Gora’s prediction of the centres 
of gravity of Q branches of ozone. In the region 


where the present resulta overlap with those of Danti 
and Lord, there is agreement and their conclusions 
are gu: - In particular, the claim is also made 
here that much valuable data on the structure of 
molecules can easily be obtained from far infra-red 
spectra that can be derived only by considerable 
labour from microwave observations. The reason is 
that although the spectral resolution obtainable in 
the far infra-red is orders of magni- 
tude smaller than in the microwave 
region, the range that oan be studied 
is very much greater. In this way 
the two techniques may be oom- 
plementary. 





The confirmation that Q branches 
are observed near 22 om.-! and 
28 om.-! in the laboratory spectra 














makes plausible the suggestion that 
unidentified features m the solar 
spectrum could be attributed to 
ozone in the upper atmosphere. 
There still appear to be problems, 
however, in reconciling the inten- 
sities of the laboratory and solar 
spectra, and further work will be 
required on both. 

The work described above has 
been carried out as part of the re- 
search programme of the National 
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Physical Laboratory, and this communication is 
submitted by permission of the Director of the 
Laboratory. 


H. A. Gussrm 
N. W. B. Strona 
National Physical Laboratory, 
T Middlesex. __ 
0. D. Watanaw 
Cavendish Laboratory, 
Cambridge. 
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Equations for determining Diffusion 
Coefficients in Liquid Systems by the 
Diaphragm Cell Technique 

Taa diaphragm-cell technique, first introduced by 
Northrop and Anson’, has been widely used as an 
method of utilizing Fick’s first law to 

obtain diffusion coefficients in liquids. The procedure 


to provide a driving force or potential for diffusion, 
are maintained uniform. Tt is mado clear by Gordon* 
fe iis dluaginal Tovik of the and theoret- 
ical basis of ‘the method that oertain simplifying 
must be made in ite utilization. These 
sesumptions include constant solution volumes and 
constant fluxes throughout the porous diaphragm 
epee any given moment. In measurements involving 
dilute solutions of electrolytes, the errors 
ions have 


on was aesessed for typical 
diffusion cell conditions (including 
of a binary non-electrolyte system). 
assumption, the resulting system of 
tions was solved by a numerical method. Comperison 
of the times required to produce a given concentration 
change with and without the sbove sasumption 
showed a difference of not more than 0-02 per oent. 
The first assumption of constant solution volumes, 
however, may introduce significant error whenever 
the system is one that lays volume change on 
mixing. The importance of accurate liquid diffusion 
coefficients has led us to replace, with a more general 
expreasion, the simple logarithmic equation, given 
by Gordon’, that applies admittedly only if there is 
no change in volume on mixing: 

oe a 


e tet] o- 8PM 


where oc’ and o” are concentrations, and v’ and v” are 
volumes of the half-cells, f and + refer to final and 
initial states respectively, A and I sre the effective 
a te and 6 ia the ‘cell 


pproach 
seas “foe dain seth aa by ao 
Groot‘ by using the methods of the thermodynamics 


potential as a driving force. 
The assumption that the system is close enough to 
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for the flux to be proportional to the 
first of the chemical potential t ip made. 
Bird has tabulated the various types of notation used. 
for binary systems. The following fundamental 
equation may then be teken (at constant temperature 
and pressure) : 


na = — p. Dan’ e) +o. (na ts) (2) 


with Din’ = Das. (3) 





Tinos) 


where n4 and mz are the fluxes of components A 
and B in gm. cm.” sec.-', with respect to the appar- 
stus as a frame of reference; p is mass density 
(overall concentration) in gm. om. >; w. is concentra- 
tion of A as mass fraction; aa is thermodynamic 
activity of component A; æ is paar cae 
for unidirectional diffusion. ; is diffusion co- 
efficient ; and Dus’ is modified difusion coefficient 
incorporating the activity correction. In this equation 
the fluxes are considered with to stationary 
axes but the diffusion coefficient is the so-called bary- 
centric diffusion coefficient, that is, teken with 
respect to the mass average velocity. Comparable 
equations result for other terms of reference. 

For the ‘steady state’ assumption involved in this 


the staat of ‘space constent 
material across the diaphragm’. Using this 
premise and with application of the above 


ith rigorous 
equation to the diaphragm-cell experiment, the 
following equation has been derived for the integral 


diffusion coefficient, Dan’: 
mk ie 
p. 


a ee -Pani 
(pa’— pa”)s 


Dir = (oa* . Faa + Op") 7) (4) 


(Apa), 
(Apa)s 





p = pa + pa is mass density (overall concentration) 
in gm. am. ; pa is concentration of A in gm. om.™ ; 
v is volume (am.?); w4 is concentration of A as 
maæ fraction ; n4 is flux of component A in gm. om. 


se0.-} ; t is diffusion time, 900. ; superscript z 
closed half-cell ; ” is open half-cell ; 
mean of initial’ final values ; ta moan of thia 


i aie ard E grep a ab 
subscript $ is initial value at time t = 0 ipt f 
1s final value at time ?; and subscripte A,B are com- 
ponents A,B (A + B). 


The integral diffusion coefficient Dyn’ is related 
to the true differential value Dip’ by the following 
rigorous equation : 


= = — 2 
I nan * 
(mB + I) (w4* -yaa + os (GE 








Das = i 


é 
P4 dny -Í _dApa 
Foon iF (wana) 
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p- Dan’ 
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m Fig. 1 is obtained. This lme can be represented 





where F(wy4’.w4’) = | EAE dwy (6) by the equation : 
J4 TBA TaB) E = 10-5 + 6-6 x a, x 10™ (1) 
where Æ 18 expressed in kcal. 10n and a, m 
For an excellent approximation : om.*/ion. ‘a i ' 
2 Diffusion of a cation along & 
Ae a) i ow’ y èhannel, the walls of which are, 
oy*. x f 
Dig = 4 vzá 2). me f P- DAB .do, (7) i analcite, lined with nega- 
P as’ — Oa loa - YB4 + @B) tively charged oxygens, must 
“d 


It mey be noted that all the terms cen be evaluated 
from overall density-com ion data, to give a 
diffusion coefficient which the same value regard- 
lesa of whether the concentrations of component A 
or of component B are used, and regardleas of whether 
the half-cell contaming the more- or the leas-con- 
centrated solution is open. 

It can be shown when p is constant, or p isa + bey 
(that is, no volume change on mixing), that equation 
(3) reduces to equation (1), and equation (7) becomes : 

One 
. J Dig, dea 


1 


Daz’ = SS 
C4’ — C4” 


(8) 


a4 

Extensive preciion measurements on the ethanol- 
water system have been mede. The calculated 
diffusion coefficients, based on these equations, and 
the complete derivation of these equations will be 
reported later. 

The use of the equations presented here will now 
allow -the use of large concentration differences in 
diaphragm cell end the caloula- 
tion of accurate tial coefficients, Dag’, from 
a series of values of Dyn’ the integral coefficients. 
The precision of the experimental determmation of 
the latter is, of course, enhanced greatly by utilizing 
conditions of large concentration differences. The 
conversion of the values of Dag’ to the corresponding 
Day values can be done whenever the activity is 
known as a function of composition. 

We thank the National Research Council of Canada 
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support. 
F. A. L. DOLLIN 


Depertment of Chemicel Engineering, 

University of British Columbia. 

L. W. Sueur? 

University College, London, W.O.1. 

ne ee on leā ye Mom bs ee 
Chemical Engineering, University of British Ootumbia 

1 Northrop, J. H., and Anson, M. L., J. Gea. Phymol., 18, 548 (1929), 
1 Gordon, A. R., Ama. N.Y. Acad, Sci., 46, 285 (1045). 
t Barnes, C., Phywws, 5, 4 (1984). 


‘De Groot, B. BR, “Thermodynamics of Irreversible Processes” 
(Interscience Pub., New Se ene 1081). 


* Bird, B. B., ın “Advances in Chemical Engineering”, 1 (Academio 


Prem, Now York, 1e00). 


CHEMISTRY 


Energies of Activation for Self-diffusion of 
Alkali Metal lons in Analcite 


Tue self-diffusion coefficients and energies of 
activation for migration of alkali metal cations in 
analcite have recently been measured?. We now find 
that when these energies are plotted against a, the 
polarizabilities of the cations, the lear graph shown 


mvolve coulombic, polarization, 
dispersion and repulsion ener- 
gies. The vamation m coulombic energy as the 10ns 
diffused was calculated ın ref. 1 for an ideabred 
syetem approximating to that existing m anal- 
cite. This periodic vanation of coulombic energy 
for a univalent cation diffusing along the channel 
resulted in a contribution, ABe, of approxmately 
10 kcal./gm. ion to- the overall energy of act- 
ivation. This coulombic energy -is independent 
of the polarizability of the cation, thus accountmg 
for the term in equation 1 which is mdependent of 
polarizability, although the good agreement between 
expermental end calculated values is no doubt 
fortuitous considering the simphfications made m 
the calculations referred tot. 

The polarization energy of a cation of polar- 
izability «, in a field of strength, F, B, to a first 
approximation : 

Rp = — ia" (2) 


and therefore the activation energy for diffusion of 
the cation due to polamzation would be: 


AEp = — ġa, (Fr* — Fp’) (3) 


where Fpa and Fp are the fields existing at an equil- 
ibrium cation site and at the point in the channel 
correspondmg to the top of the energy berrier 
respectively. Thus Ap = aB, where B is a 
constent. 
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Fig. 1. Beletionsh! botwoen energy of aoil valion for self-diffosion 
of alkab metal polarize bili! 


in analoste and the ty of the 
caons 
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The dispersion repulsion energy can be evaluated 
from the relation : 
i Re ee 
Epir = —8Nme' ax + aare N Fa (4) 


where aj, %, and Xy ya are the polarizabilities and 
ities of the cation and of 
y, m is the mass of the electron, 


and cation centres, and r, is the equilibriam oxygen : 
cation separation. ail% is badly LAEE pees oonstant 
for the four cations considered and thus equation 
4 can be written: 


gi) ©) 
and, as in the case of the polarization energy : 


AFpip ~ —a, X constant 
1 r. 
-Gr# a) (6) 


x 1. r5) 
r's ‘& rh 


where r,'s and r,a are the distances between cation 


Biur = sagem = (ts 





r's and r,’ are constant for all ions so long se tho 
equilibrium positions and those of the tops of the 
energy barriers sre the same. The r,’s will differ among 
the ions, so the terms in 1/* are constant for all ions 
but not those in 1/r'*. If the latter are small, we may 
write : 

AEpip = 2,0 (7) 


where O is a coefficient which does not vary greatly 
among the ions. The total energy of activation, E, 
can then be represented by an equation of the same 
form as equation l, since, according to the above 
treatment : 


E = ABo + ABp + ABp:r = 10 + (B + O)a, (8) 


In general, polarizability is proportional to ionic 
volume for similar ions of the same valence, and a 
linear relation was observed also between H and the 
volumes of the cations. 


R. M. BARRER 
L. V. 0. Rums 
Chemistry Depertment, 
Imperial College of Science and Technology, 


: London, 8.W.7. 
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Differential Thermal Analysis of Some 
Transition Metal Eth lencdlansine Tetra- 
acetic Acid Chelates 


Own of al nage once aspecta of co-ordination 


compounds formed "during pyrolysis are easily attain- 
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Tig. 1. Differential thermal analysis curves for meta) sth 
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able. Such information ıs needed in order to under- 
stand more fully the nature of certain types of thermal 
rearrangements and in synthesis work. 

Although the thermal stability of a number of 
complexes is known", little information can be 
obtamed the thermal decomposition of 
transition metal ethylenediamine tetraacetic acid 
(EDTA) chelates. Previous work has been limited 
to the determination of the 
tures for the salts, Na,EDTA-2H,0 (refs. 3-5) and 
Na,CaEDTA-2—3H,O (ref. 5). It was found that 
the former could be converted to the anhydrous 
compound by heating to 120° O., but that tempers- 
tures above 150° O. resulted in docomposition. of the 
salt. Similerly, the latter complex was dehydrated 
in the 37-180° C. temperature- , with decom- 

ition beginning at 387°C. In order to study 

the thermal decomposition of the ethylenedi- 

amine tetraacetic acid motal complexes, the oom- 

pounds Na,MEDTA-1H,O, where M is cobalt(II), 

copper(I), manganese(II), and xine(I]), were 
examined by differential thermal 

The epperatus for differential thermal analynis 
consisted of & furnace, similar in design to that pre- 
viously deecribed*, and a microvolt a Banh 
recorder and furnace temperature controller’ ple 
sixes ranged in weight from 125 to 140 mgm. with cal- 
cined alumina being used as the reference metorial. 
A heating-rate of 8-0 deg. C. per min. was employed 
with a chart speed of 6 in. per hr. 

The metal ethylenediamine tetraacetic acid com- 
plexes were obtained from the Geigy Chemical Co. 
(we are indebted to Dr. W. H. Zusaman for providing 
these compounds), and were recrystallized from water— 
aloohol mixtures before pyrolysis. Thermobelance 
analysis? established the amount of hydrate water 
present in the complex and also the compoartion 
of the residual thermal decomposition product. 


imum drymg tempera- 
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The resulting thermograms of the 10 
differential thermal analyses are given 
in Fig. 1. All the complexes gave 
pronounced endothermic (downward 
direction) peaks below 200° C. which 
were due to the evolution of hydrate- 
bound water. Immediately follow- 
ing the dehydration reactions, a 
series of exothermic (upward direc- 
tion) peaks were observed which 
were due to the pyrolysis of the 
anhydrous saltas. The pyrolyss of the 
complexes appears to proceed step- gö 
wise, as evidenced by the number of 
peeks observed. Since the reactions on 
were carmed out in air, the decom- 
position products were probably 
gaseous carbon dioxide, nitrogen, 
water and ammonia, and residues consisting of mix- 
tures of sodium carbonate and metal oxide. 

The thermal stabi of the hydrates, as shown by 
the endothermic minima, was: manganese 
(80°) 110° < copper, 140° < cobalt, 145° < zmo, 
160° C. Some idea as to the heat of hydration can 
be obtained by comparing the areas under the dehy- 
dration peaks. All the complexes were 38-hydrates 
except manganese, which appeared to have the 
composition, 5-6 hydrate. Naturally, with the 
larger number of molecules of water of hydration 
on the manganese it would have the largest peak 
area; however, & rough comparison can be made 
with the other complexes. 

Some diffloulty was experienced in obtaining repro- 
ducible exothermic beyond 250° O. This was 
due to the tendency of the complexes to swell to 
voluminous proportions in the sample chamber during 
the pyrolysis, which resulted in pockets of air and 
erratic thermal conductivity of the samples. Hence, 
the differential response of the thermocouple was 
affected by this behaviour. 

It is to continue this work with other metal 
complexes of ethylenediamine tetraacetic acid. 


IeIfle-ly 
Oo 
aw 
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A New Technique for following Rapid 
Rates of Crystallization 


Tronniquae for meesuring rates of crystallization 
have been the subject of recent reviews}. Most 
of the methods described are not applicable to fast 
rates. A microscope-ciné camera technique* can be 
used when the species crystallizes in visibly discern- 
ible forms ; but interpretation of resulta is sometimes 
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complicated by mpingement of boundaries between 
the crystallme entities. A method mdependent of 
the texture of the orystallizing species but requiring 
birefringence in the crystallized specimen has been 
developod in these laboratories. This consista, 
essentially, of following the moreage in depolarization 
of plane-polarized light by tho crystallizing specimen. 
Birefringence and crystallmity do not occur concur- 
rently under all conditions of crystallization‘, 
but it is believed that when orystallization takes 
place from a melt under no external stresa, measure- 
ment of rate of depolarization of light by the 
orystellizmg sample parallels the development of $ 


Sections of dry polyhexamethylene adipamide 
(nylon 66) were melted in silicone oil between cover- 
slıpe and then transferred rapidly to a thermostatted 
hot-stage mounted between crossed nicola on a 
microscope. Depolarization of the plane-polarized 
light was followed by a photomultipler connected 
to a cathode-ray oscilloscope and meounled by a camera 
fitted to the cathode-ray oscillograph. A time-base 
superimposed on the photographic trace facilitated 
calibration and measurement. The mstrument was 
calibrated using standardized neutral density optical 
filters; over the range of outputs studied, photo- 
multiplier response was stable and linear. After the 
polymer melt specimen was transferred to the hot- 
stage a finite induction time, t, elapsed during which 
no depolarization occurred. With the onset of 
crystallization, the photomultiplier output moreased 
exponentially to a maximum rate and then the rate 
decreased as a peeudo-equilibrium crystallmrty was 
attained. Obaracteristio sigmoidal isotherms were 
obtained for each crystallizmg temperature. Both 
the induction period and the crystallisation time 
decreased with decrease in crystallizing temperature 
in the range 170-255° O., but a mmimum is 5 
m the region 160-170° O. where nylon 66 is believed 
to crystallize most rapidly. _ 


I—II 
Ie— I, 





Normalized plots of against ¢ for each 





where I, = initial photomultiplier output; J. = 
final photomultiplier output; J; = photomultiplier 
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output after time t(sec.); & = constant; n is a 
gare ee of the type of nucleation. 


does not provide information on the 
ig cae contributions of nucleation and growth 
processes involved, but ing information 


may be obtained from spherulitic growth studies at 
low degrees of supercooling**. 


Fig. 1 shows normalized plots of deeds 


Tay, vost 


for various crystallization temperatures. The major- 
ity of these isotherms are coincident on displacement 
of the time axis, m agreement with specific volume/ 
time curves, and are typical of rate measurements’. 


Fig. 2 shows plots of log (=) against moy- for the 


pacer cine aie a 


versus =r for spherulitic growth-rate measurements? 


-Hh 
ICI 


in p/min). Results indicate that the apparent 
activation energies involved in both cases are similar, 
and this substantiates the similarity between the 
measurements. 

This technique has been applied to other homo- 
polymers under conditions where no vimble spherulitic 
crystallization waa apparent. It has also been shown 
to be an accurate method for melting-point determina- 
tions. 

A more detailed account of the apparatus and 
analysis of results will be published later. 


(ii = time when 7 = 0-5; G = growth-rate 








19 2 21 22 poa.) 
101° K. 
Fig. 3. ©, Burnett and MeDevit (ref. 3); 


+, this work 
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Thanks are due to British Nylon Spinners, Ltd., 
for permission to publish this communication. 
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Use of Azo Dyestuffs for the 
Polarographic Determination of the 
Lanthanides 


Tam polarographic behaviour of some 2,3’-di- 
hydroxy azo dyes in the presence of the lanthanides 
has recently been a subject of study in this laboratory. 
The lanthanides were found to form coloured chelates 
in alkaline solution with erichrome violet B (5-sulpho- 
2-hydroxy benzene-azo-2-naphthol, OI. No. 169), 
eriochrome black PV (5-sulpho-2-hydroxy benzene- 
azo-1,5-dihydroxy naphthalene, O.I. No. 170) and 
mordant blue 81 (5-sulpho-3-hydroxy benzene-azo- 
1,8-dihydroxy thalene 3,6-disulphonio acid, 
O.I. No. 16675). dyes all exhibit well-defined 
single polarographic reduction waves. In ammonia, 
diethanolamine and piperidine buffers, the lanthan- 
ides cause a decrease in height of the dye step, and s 
second wave appears at a more negative potential. 
The height of the second wave is proportional to the 
concentration of lanthanide. 

Eriochrome violet B has previously been used 
for the polarographic determination. of aluminium|\,', 
thorium and xirconium’. This dye was also found 
the most suitable of those investigated for the present 
purpose, and was studied in detail using d.o. and a.o. 
pen polarography and linear-sweep ocathode-ray 
polarography. The lanthanides combine with erio- 
chrome violet B ina 1 : 2 ratio, with apparent stability 
constants in the range 10° for neodymium to 10” for 
ytterbium at pH 9. The azo group is believed to be 
involved in the co-ordination, this accounting for 
the difference in reduction potential of the free dye 
and dye-lanthanide complex. Tn an ammonis buffer 
of pH 9, the difference in the half-wave potentials 
of the free dye and complex was found to increase 
with i atomic number of the lanthanide, 
being 45 mV. for lanthanum, and 334 mV. for 
lutetium. This permits simultaneous determination 
of the lighter and heavier lanthanides in admixture. 

pop gabteeed buffer (pH 11) the half-wave potentisls 

complexes are all very similar, being separated. 
Gena he ive wane by about 180 mV. 

The development of an analytical method neces- 
sitated a fundamental study of the po 
behaviour of 2,2’-dihydroxy azo dyes at the dropping- 
mercury electrode. The behaviour of both the dye 
and the lanthanide complex is greatly influenced by 
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interface. These adsorption phenomena were investi- 
gated in some detail by a.o. polarography ; tensam- 
metric waves being observed for the dye, the reduced 
dye, and the dye-lanthanide complex. 

A complete account of this work will be published 
elsewhere in due course. 


T. M. FLORENOR 
L. E. SYTHE 
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Structure of AgSCN.P(n-C;Hz7); 


Compiexss of silver iodide wrth n-alkyl trisub- 
stituted phosphines are tetrahedrally co-ordmated?. 
Complexes with trico-ordinated silver can be preparod 
with substituted alkylaryl phosphmes'. Electronic 
effects due to alkyl substitution cannot be neglected, 
ea factors which could influence the change in co- 
ordination’; however, their importance must not be 
over-emphasized". In fact, mlver(I) very easily 
changes its co-ordination accordmg to the nature of 
co-ordinating groups, and the factors which affect 
the changes of stereochemistry are not at all cleart, 

Earlier work’ on complexes of silver thiocyanate 
and silver iodide with trioyclohexylphosphine has 
shown that silver is tri-co-ordinated ın AgSCN.2P0y, 
(the situation being more complicated for the silver 
iodide derivative). X-ray preliminary resultes have 
shown that the silver atoms are not bonded by 
—SCN— bridges. In agreement with the structure 
in the solid state, the compound was found to be 
monomeric in freezing benzene. 

On the other hand, it is known that silver thiocy- 
anate has a polymeric structure, the silver atome beng 
bound to nrtrogen and sulphur atoms by two covalent 
bonds. The non-linearity of this co-ordination is 
a very Interesting feature of the structure’. 

The crystal structure of AgSON.NH,SCN is built 
up by silver thiocyanate molecules, end mlver forms 
only one ‘true’ covalent Ag—S bond (2-47 A.). How- 
ever, the nature of three further ‘long’ Ag—S bonds 
(2-68, 2-65, 2-74 Å.) ! must also be taken into oon- 
sideration before any definite conclusions on the real 
stereochemistry of silver in this compound can be 
drawn. 

With these results in mind we found it of interest 
to investigate the compounds with general formule 
AgSON.PR,, extending our earlier study on 
AgBON.2PCy, to a larger number of sliphatio 
phosphines. 

The following previously unknown compounds were 
prepared by reaction of silver thiocyanate dissolved 
in ammonmm thiocyanate water solution, and the 
corresponding phosphinea: AgSCN.PHt, (mp. 121° 
C.), AgSON.PPr," (m.p. 66° C.), AgSCN.PPr,? 
(mp. 99° 0.). The compound AgI.PPr, (m.p. 
205° O.) was also prepared in a similar way. These 
compounds are all non-electrolytes (Aar œ 10-* in 
10-* molar nitrobenzene solution). The degree of 
association of AgSCN.PPr,', determined cryo- 
scopically in benzene, is 2-0, whereas that of the 
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Fia, nieoila. "Them propyl radicals are omitied Ta daniy 
AgSCN.PPr,* is between 2:2 and 3:0. A dimeric 
structure (in solution) seems likely for the former 
compound, and interaction between the dimeric 
molecules is probably very weak also m the solid 
state. The degree of association of AgI.PPr, is 3-5 in 
benzene. This compound clearly belongs to the class 
of four-covalent complexes of the type [AgI.PR,], 
(R = n-alkyl)'. 

The crystal structure of AgSCN.PPr,* has Been 
determined from two-dimensional X-ray date. There 
18 still some question about the exact posrtions of the 
light atoms but the general picture of the structure is 
well established. Determination of the parametcrs 


by means of ession photographs gave the following 
data : -PPr,® . M, 326-2 . Monoclinic. a = 
Table 1. Bowp-Lawe@tHs AND -ANGLES 
Bond e(i) Angis Nde.) 

Ag—8 2 70 P—ig— 137 

pram 2 oa sas? m 

B As P 107 

er oote a 

`O keo 38 

0—8 1 76 103 


_ 2-79 A.) than the distance of 2-48 
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6-32 + 0:02, b = 1440-04, c= 18-24 + 0-05A. 
B = 114 + 20’. Absent spectra, AW when I is odd, 
Qk0 when k is odd. Space group Ota — Puo 
Four molecules per unit cell. Volume of unit cell = 
1482 A. (ref. 3), d, calc. 1-45, measured 1-41. . 

The structure has been resolved by means of the 
usual two-dimensional methods. Intensities were 
estimated photometrically from several series of 
Woinsenberg photographs by using copper K radiation. 
At the present stage of refinement the reliability 
factors are R = 0-15 on the projection (100) and 
R = 0-18 on the projection on (010). Bond-lengths 
and -angles are given in Table 1. The mean probable 
error of the atomic co-ordinates, caloulated with 
Lusszati’s method’, is 0-06 A. ing to the differences 
in weight of the stoms it is reasonable to assume that 
the error m the bond-lengths of the heavy atoms is 
0-04 À., and of the light atoms is 0-15 A. 

The molecular configuration is shown in Fig. 1. 
The silver atoms are linked by two —SON— groups 
forming 8-membered quasi-plenar rmgs. This type 


of bri of two metal atoms by two —SCN— 
groups been found previously m two complexes 
of cadmium!’*, and in the platinum compound 


[Pta(SCN),CI (P Pran] (ref. 11). The planar units 

linked by Ag—8 bonds, forming an endleas cham 
givaniged along We X aaraa wage ia BiG. 1. Altern- 
atively the structural arrangement can be described 
as xigrag...—Ag—SCN. olymerio 
chains bound in couples by Ag—S oroee-li . The 
steric arrangement of the ligands about the silver 
atom is that of a very distorted tetrahedron. The 
Ag—P bond is of normal length (2-52 A.), but the 


bond-length is considerably epee eee 
silver thiocyanate’. 


There are two possible causes of the ionic character 
of the Ag—S bonds, end their relative importance 
cannot at present be decided. The first is the poasible 
conjugation of the m electrons of the —SCN— 
group with the o electrons of the Ag—8 bond. The 
second is the electro-neutrality requirement on the 
silver atom. The former effect is probably more 
important im [Pt,(8ON),0l,(PPr *)a], where the 
length of the Pt—8 bonds (2-44 A.) is than 
expected for a Pt—SON bond (2-27-2-30 A.)4. In 
be case the ionic character of the Ag—S 

is presumably attributable to the effect of 
ae ‘distribution. In this the apparent 
absence of double-bonding character of the Ag-—P 
bond becomes significant, indicating that negative 
charge has not been transferred from filled d orbitals 


of the silver to empty orbitals of the phosphorus atom. 
The different situation of the group is 
consistent with the shift of the —CN— siretching 


freqhency from 2,150 cm. observed for AgSCN (ref. 
12) to 2,000 om.-! found im the present cage’. 

A fall account of this work will be given after 
cues refinement of the structure has been com- 
pleted. 


A. Torco 
Istituto Chimica Generale, 
University of Padua. 
©. PANATTONI 
E. Frasson 
Centro Strutturistica Chimica CNR, 
Padua. 3 
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BIOCHEMISTRY 


Synthesis and Biological Properties of 
L-Arginyl4.-Prolyi.-Probybiycyi-- 
Phenylalany!-L-Seryl-L-Phenyla ab ives 
Arginine, an Octapeptide related to 

Bradykinin 

A 8rRUOTURE has recently been proposed! fox 
bradykinin, a plasma peptide obtained from or 
blood. The isolation, purification and amino-acid 
composition of this substance were reported earlier 
by the same workers’. The apparent importance of 
this peptide and ite small size have prompted us to 
undertake its synthesis and a more detailed study of 
its biological action. Our first preparation of this 
octapeptide showed little bradykinin-hke activity 
in several biological tests. While our synthesis and 
biological work were therefore being rechecked, 
workers’, in two other laboratories reported the 
synthesis of this peptide and ita lack of expected 
activity on the guinea pig's ileum. In the present 
communication we describe its synthesis and bio- 
logical examination, which confirm and extend this 
recently published work. 

The synthetic approach adopted made extensive 
use of the p-nitrophenyl ester method of peptide 
synthesis’, which thas recently proved iteelf in a 
synthesis of oxytocin‘. N-Carbobenxoxy-1-phenyl- 
alanine-p-nitrophenyl ester was condensed with 
nitro-L-argmine methyl ester, giving the dipeptide 
in 95 per cent yield, m.p. 154-155° (reported! m.p. 
160—161°). 

N -Carbobenzoxy -L-phenylalany] -nitro -L-arginine 
methyl ester was treated with hydrogen bromide in 
acetic acid, giving the dipeptide ester hydrobromide, 
m.p. 169-171°. Found: C, 41-55 ; H, 5-42; N, 18-00. 
Calo. for C,,H,,N,O,Br: C, 41-47; H, 5:44; N, 
18-14. The dipeptide was allowed to react with 
N-CBZ-t-seryl azide, which yielded N-CBZ-1-Ser-1- 
Phe-NO,-t-Arg methyl ester as colourless needles, 
m.p. 180-181°, [a]> — 30-2° (o 3, methanol). Found : 
O, 54-14; H, 5-88; N, 16-81. Cals. for O,,H,,N,0,: 
C, 58-80; H, 5-86; N, 16-29. After removal of the 
carbobenzoxy group with hydrogen bromide in 
acetic acid, the tripeptide ester was condensed with 
N-CBZ-1-phenylalanine-p-nitrophenyl ester, giving an 
87 per oemt yield of the crystallme tetrapeptide, 
m.p. 158-161°, [alp — 23-8° (o 2, methanol). Found : 
C, 57-58 ; H, 6-17; N, 14°75. Calo. for C,,Hy,N,O..: 
C, 57-84; H, 5-92; N, 14-96. Treatment with 
hydrogen ‘bromide in acetic acid removed the amine 
protection and the resulting tetrapeptide ester and 
N-CBZ-glyoyl-p-nitropheny] ester gave small colour- 
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lees needles of N-CBZ-Gly-L-Phe-r-8Ser-r-Phe-NO,- 
L-Arg methyl ester in 88 per cent yield, m.p. 180-181° 
(a different sample melted at 168-166° with identical 
rotation and analysis), [a]p — 13-7° (o 2, dimethyl- 
formamide). Found: C, 56-63; H, 5-97; N, 15-20. 
Calo. for OHNO: : C, 56-63 ; H, 5-88; N, 15-64. 
Removal of the carbobenzoxy group was again 
accomplished with hydrogen bromide in aoetic acid, 
the hydrogen bromide removed from the peptide 
with ‘[RA-410 (OH-)’ resin and subsequent reaction 
with N-CBZ-r-proline-p-nitrophenyl ester gave N- 
OBZ-1-Pro-Gly-L-Phe-t-Ser-1-Phe-NO,-L-Arg methyl 
ester as microneedles, m.p. 175-176°, [a4 — 31° 
{c 1, dimethylformamide). Found: C, 57:31; H, 
6:37; N, 15-11. Calo. for C,,H,,.N,,0,,: C, 57-18; 
H, 6:02; N, 15:51. The heptapeptide N-CBZ-1- 
Pro-t-Pro-Gly-L-Phe-L-8Ser-L-Phe-NO,-1-Arg methyl 
ester was prepared in the same manner as the hexa- 
peptido and it was found to be rather low melting 
(125-130°), which was attributed to the two proline 
residues. The protected heptapeptide was obtained 
as colourless rosettes from methanol, [a] — 35-2° 
(c 1, dimethylformamide). Found: C, 57:31; H, 
6-16; N, 15-10. Calo. for C,,H,.N,,0,,: C, 87-68; 
H, 6-14; N, 15-40. ‘Reaction of the decarbobenz- 
oxylated heptapeptide (hydrogen bromide in acetio) 
with the p-nitrophenyl ester of tricarbo -I~ 
arginine! (m.p. 126-137°). Found: C, 62-02; H, 
5:20; N, 10-25. Calo. for CuHAaN,O,0: O, 61-97; 
H, 5:06; N, 10-04) gave the fully protected oote- 
tide, m.p. 180-185°, [a] — 32-4° (c 1, dimethyl- 
ormamide). Found: O, 68-72; H, 6-08; N, 14-47. 
Calo. for CysHyN.0,,: O, 59:03; H, 6-16; N, 
14-75. Hydrolysis of the methyl ester and one carbo- 
benzoxy group with 1N sodium hydroxide in 
methanol followed by hydrogenation in acetio acid/ 
methanol uamg palladium black catalyst gave the 
triacetate salt of L-Arg-t-Pro-1-Pro-Gly-1-Phe-1-Ser- 
L-Phe-t-Arg. Found: O, 50-86; H, 7-31; N, 16-01. 
Calo. for C,,H,,.N,,0,,-83H,O: C, 61-16; H, 7-07; 
N, 16-38. Titration with orio acid in soetic 
acid gave an equivalent weight of 401, which ia in 
agreement with a molecular weight of 1,197. Paper 
ohromatography of the octapeptide using two different 
solvent systems (isopropyl aloohol : ammonia : water ; 
tert-butyl aloohol : acetic acid : water) gave Rr values 
of 0-26 and 0-43 respectively with no impurities 
being indicated (Sakaguchi and bromphenol blus ; 
the ninhydrin test was negative). 

The synthetic octapeptide was compared with 
partially purifled bradykinin, prepared by the 
action of crystalline trypsin on heated beef globulin, 
standardized agamst pure bradykinin obtained 
from similar starting materials’. The synthetic 
peptide (133 ugm./ml.) did not cause contraction of 
the guinea pig’s ileum in vitro; but in ite presence 
bradykinin was slightly potentiated. Like brady- 
kinin’, the peptide relaxed rat's duodenum sn vitro, 
but its potency was very roughly 1/6,000 that of 
pure bradykinin. Unlike bradykinin’, the peptide 
{4-16 mgm./kgm.) did not cause broncho-constriction 
in guinea pigs in vivo, but it slightly potentiated this 
effect of bradykinin. Like bradykmin!, intrea- 
dermal doses of the peptide increased the permeability 
of the skin oapillaries of guinea pigs blued with 
pontamine blue 6BX. Its potency was about 1/1,000 
that of pure bradylnnin. 

When given in high doses to four biological prepara- 
tions, 4L-Arg-L-Pro-t-Pro-Gly-L-Phe-L-Ser-L-Phe-L- 
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Arg. failed to show two biological properties of 
bradykimin, and showed another two very weakly. 
We wish to thank Dr. D. F. Elliott, Dr. G. P. 
Lewis and Dr. E. W. Horton for a specimen of pure 
bradykinin and Dr. I. M. Lockhart and Mr. W. A. 
Jones for supplies of partially purified bradykinin. 


E. D. NroonarpEs 
H. A. DeWatp 


Research Department, 
Parke, Davis and Co., 
Ann Arbor, 
Parriom G. 8HORLEY 
H. O. J. Corio: 


Department of Pharmacological Research, 
Parke, Davis and Co., 
Hounslow, 
Middlesex. 
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Homotransplant Antigens: Preparation 
of Active Cellular Fractions 


ODARE SD OET eee 
measurement of the entigenicity of whole splenic 
cells using highly inbred strains of mice im a homo- 
transplant system'. Using this method of assay, 
we have tested fractions of mouse splenic cells for 
antigenic activity. Below are described the prepara- 
tion and properties of tissue fractions active as anbi- 
gens m a homotransplant system. Other methods 
of pre tion of we tee fractions from tissues 
have boat described by Billingham, Brent and 
Medawar’, by Berrian and Brent’, by Hašková and 
Hrubedovi', Castermans and Oth’, and Lejeune- 
Ledant and ; ° 

A plunger-type homogenizer, similar to one 
described by Philpot and Stanier, waa.used’. It 
consista of accurately drawn heevy-waled glass 
tubing 10 in. long and 1 m. ternal diameter (Fischer 
and Porter Co., Hatboro, Penn.) and two stainless 
steel plungers with clearances of 0-0015 and 0-0005 in. 
A centrifuge, maintained in a cold room ab 3-5° C., 
and capable of 20,000g acceleration, was employed 
for sedimentation. A ‘Vir-tis’ (Mod. 23) homogenizer 
was used for high-speed blendmg. O57/Bl 6 male 
mice, weighing 20 gm. or more, were the reorpients 
and O8H or A/He male mice weighmg 20 gm. or 
more, were the donors (obtained from the Roscoe B. 
Jackson Memorial Laboratories, Bar Harbor, Maine). 


. No. 4739 Ai, 1960 
Pe eR Orne mee T 
Mice of donor strains (03H or A/He) were killed by 
cervical luxation. The spleens were excised, chilled 
in cold 0-15 M saline and processed without delay. 
Groups of 3 or 4 spleens, placed upon a piece of 
on & funnel, were sliced longitudi , and the pulps 
were gently through the screen by means 
of a spatule. A fine stream of cold balanced 
salt solution was directed intermittently on to the 
tissue in order to wash cells from the soroen and the 
funnel. Caloium ion concentration was kept at 
0:0015 M; in its absence agglutination occurred. 
The cells were drawn gently beck and 
forth through a pipette with a wide orifice, and were 
diluted to & volume of 10-20 ml. spleen (cell 
concentrations of 20 to 10 x 10* {mol.). yarn 
standing about 10 min., the cell 
=e 


from tho argur clumps by devating into 
Aliquots (1 ml.) of the cell suspension were 
removed after thorough mixing and diluted with 
3 per cent acetic acid, and cell counts were performed 


m a hemacytometer. 
The decanted cell ansion was then sedimented 
at 4,000g for 10 min. tant solution was 


discarded. Tho packed ce were 
gently, using the plunger with the 0-0015-in. clear- 


ance ; "medium (2—5 ml. spleen) 
was buffered salme (0:13 M sodium ide and 
0:01 M phosphate, ‘0-15 M, pH 7-2-7-3; calcium 


was absent). Some cell agglutination usualy 
occurred. After sedimentation at 4,000g for 10 min. 
the supernate was decanted and examined micro- 
soopicalty for cells. No cels were found, and 

supernate was sedimented at 20,000g for 
30 min. 

The sediment recovered after 4,000g centrifugation 
was recycled four times, using the above sequence of 
steps with the followmg modifications : homogeniza- 
tion was effected (rather than resuspension) by 
vigorous use of the plunger with 0-0005-in. clearance 
(but: production of foam was a and the 
suspending media (2-5 ml. , each used 
twice in succession, were b PERA E ook 
one and four volumes of water (‘0-075 M’ and 
‘0:03 Af’ saline respectively). As above, all super- 
nates were resorved for subsequent 20,000g centri- 
fugation. 

The sediment obtained after the last homogeniza- 
tion in 0:08 M buffered saline was swirled gently in 
0-015 M saline (about 1 ml. per spleen) in order to 
lower the ionic strength of the regidual saline solution 
Ae ee ee 

The suspension was then sedimented at 4,000g, 
and the sediment was by high-speed blend- 
ing in distilled water (2-8 ml. per spleen). An 
Initial morease of viscosity was evident in about 
30 sec., followed by a rapid decrease. After about 
2 min. blending, the solution had a low viscosity. 
The sediment obtained after centrifugation at 4,000g 
was discarded. This supernate, like the others, was 
opalescent and was centrifuged at 20,000g. 

Centrifugation of the supernates at 20,000g for 
30 min. resulted in recovery of a small amount of 
greenish-tan sediment. Although the supernatant 
solutions were clear, protein could be precipitated 
from all by lowering the pH to 5 with 0-1 N acetic 
acid. 

The greenish-tan sediments recovered after 20,000g 
. were resuspended in isotonic saline, either separately 
or admixed, and these were assayed for antigenic 
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activity. The volumes of these jons were 
adjusted so that 1 ml. contained- the greenish-tan 
sediment extracted from 50 x 10* ocells (hereafter 
referred to as the ‘test sediment’). 

In our test system the test sediment was injected 
intraperitoneally in 2 ml. of 0-15 M saline. Four days 
later a l-cm.* full thickness test skin graft, freed 
of all panniculus, was placed on the intact panniculus 
carnosus of the recipient strain. The test grafte were 
erst ahs flac day aid ees Gated are: 
logically. The percentages of surviving epithelium 
were scored as 0, 10, 25, 50, 75, G0. an 100 par dent, 
end these values were converted to integers 0-6 
Tesp3ctively for statistical convenience’. 


Table 1. OomPARISON OF AwTIGNWIO AOTIVITY OF PRACTIONATHD 
MovUsE SFLEEN CELLS DETERMINED BY Soonms oF Terr 8KO 
HOMOGRAFTS 

t from Soore* 
0-15 Af fraction 3, 3, 2, 1, 0, 0, 
0 075 Af fractaon 4, 8, 38, 3, 2, 1, 1 
M frachon 4, 4, 8, 3, 3, 3, 2 
eter dispersed 5, 5, 5, 4, 4, 4, & 
6, 5,5, 5,5, 4,4 
“asim an 


1s laeten the 
Grial daimgalahabie Aom eer S Pe 0 Ob leval oe 
barre D 


The antigenic activity of the test sediments from 
one are shown in Table 1. When con- 
siderab: io activity was recovered from the 
0-15 M and 0-075 M saline fractions, antigenic 
activity in the 0:08 M saline fraction and the water- 
dispersed fraction was oither feeble or absent. This 
distribution of antigenicity among tho fractions 
appears to reflect the vigour with which the homo- 
Genizer was used to disrupt cells. In other experi- 
monis, when homogenisation was less vigorous, 
en a ee ee of antigenicity 


ahane] blendmg was substituted for manual 
homogenization, there was a diminution of observed 
antigenic activities. The precipitate obtamed by 
addition of acetic acid to the supernates decanted 
from the test sediments was inactive m our test 
system. 

sion in 2 M sodium chloride. Appreciable activity 
remained after rapid freezing to ‘dry ice’/acetone 
temperatures, followed by rapid thawing in a 37° C. 
water bath. Activity was greatly reduced by suspen 

sion in acetate buffered salino, pH 5, for about 10 min. 
The test sediments became inactive after storage 
overmght at 3° C. m either distilled water or m 
cald balanced salt solution. 

The test sediments were not appreciably soluble m 
acid solution (up to 18 N sulphuric acid), m buffered 
galine, in 2 M sodium chloride, or in distilled water 
but were dissolved by 0-01 N sodium hydroxide and 
by 6 M urea. 

The test sediments gave a strong biuret reaction 
for protem and contained 5-10 per cent of nitrogen 
by micro-Kjeldahl (dry-weight besis). Alcohol/ether 
extracta of the sediments contamed approximately 
1-2 mgm. of chromate-oxidizable material (lipid) 
per 200-400 pgm. of nitrogen’ and the residue after 
extraction contained up to 100 ugm. deoxyribonucleic 
acid per 200-400 pgm. nitrogen. Hexosamine, 
N-acetyl-hexosamine, reducing sugars and ribo- 
nucleic acid were detectable m small amounts. 

We wish to acknowledgo tho technical essistance 
of Gertrade Lustig, Edwina Czajkowski and Frances 
Hall. This work was by a from the 
U.8. Public Health Servicos (H-1771) and contracts 
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-The Plasma Proteins in Normal Urine 


TuE first electrophoretic study of the proteins in 
concentrated normal urine was published in 1951 
by Rigas and Heller’. Wrth the aid of the moving- 
boundary technique, they demonstresed componenta 
with mobuilrties corresponding to those of the main 
protem fractions in serum. The elbumin/globulin 
ratio was, however, reversed, and there was a poor 
separation m the globulin range. Other investiga- 
tors, using moving-boundery or paper electrophoresis, 
have reported sımılar results. I have recently 
subjected the high molecular substances of normal 
urme to ares zone electrophoresis*. It was 
found that urine protein fractions, includmg the 
albumin, contained large amounts of carbohydrate, 
thus differing m composition from the correspond- 
ing plasma fractions. Electrophoretic fractionation, 
therefore, does not give satisfactory information as 
to the types and amounts of plasma proteins prosent 
m normal urme. Immunochemical methods offer 
better possibilities for identafyimg imdrvidual plasma 
proteins m urme. Work on the excretion of plasma 
proteins ın normal human urine by immuno-electro- 
phoresis has been published by Grant’, Pstte et al.‘, 
and others. The excretion of about eight different 
plasma protems hes been demonstrated. 

The present work was undertaken in order to 
identify as many as posmble of the plasma proteins 
excreted m the urines from healthy individuals, and 
to fad out whether mmmunochemical differences 
occurred between the urine proteins and the corre- 
sponding plasma proteins. 

Specmmens of 24-hr. urmo from 6 male 
and 6 female healthy students and laboratory workers 
were concentrated 1,000-1,500 
times, using low-pressure ultra- 
filtration. In some experiments, 
pooled male urme was also used. 
The ultrafiltration techmque was 
tested with diluted sera. It was 
found to give good recoveries of 
total protein and recoveries of 
individual protems without other 
signs of denaturation apart from 
some alterations of the lipo- 
proteins. The methods used were 
immuno-electrophoresis, applying 
the microtechnique of Scheideg- 
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geri, and the double diffumon-in-gel technique of 
Ouchterlony*. Highly purified plasma proteins (ob- 
tained as a gift from Prof. H. E. Schultze, Behring- 
werke A.G., Marburg/L.) were used as reference sub- 
stances. A sample of the 6, 4-globulm, recently isolated 
by Muller-Eberhard e al.’, was kindly supplied by 
these workers. Most of the experiments were per- 
formed with rabbit antisera (Bebringwerke A.G., 
Marburg/L.) against total human serum and against 
purified plasma proteins. In some experiments an 
anti-total-human-serum mule serum (a gift from Prof. 
P. Grabar, Institut Pasteur, Paris) was also used. 

In most instances, eleven to thirteen different 
plasma proteins were found in the pooled urmes as 
well as in the mdividual urmes. Fig. 1 shows the 
result of an immuno-electrophoretic experiment with 
concentrated pooled normal urme and anti-total- 
human-serum rabbit serum. The electrophoresis was 
performed at pH 8-2. Twelve or thirteen precipita- 
tion Imes can be distinguished, probably re ing 
the same number of plasma proteins. is urme 
also contamed the pre-albumin of Schultze’ and 
specific antasera against these 
proteins, and thus in totel ebout fourteen or fifteen 
plesma proteins. 

Individual plasma protems were identifled by 
immuno-electrophoresis, using specific antisera agamst 
purified plasma protems and anti-total-homan-serum 


of the following plasms proteins in the urines of most 
of the 12 adioa, the pre-albumin of Schultze, 
albumin, «,-seromucoid, haptoglobin, ceruloplaemm, 
transferrm, the B,4-globulm and y-globulin. The 
following plasma proteins ware further indicated 
immuno-electrophoretically : two or three «,-globu- 
lms, in some cases one additional a,-globulin, regu- 
larly one more -globulin and a preciprtation lme 
with the same shape and electrophoretic mobility 
as the §,4-globulin m plasma. Fibrinogen was found 
in pooled urine and in ten of the mdividual ures, as 
revealed by an anti-flbrinogen serom. Oeruloplasmin, 
the §,4-globulin and flbrmogen do not seem to have 
been identified earlier in normal urine. Patte et al.‘ 
state that transferrm 1s the only 8,-globulin present 
in normal urine. With the present technique, it was 
possible to demonstrate three 6,-globulins in most of 
the normal urmes. Two of them were identifled as 
transferrin and f,4-globulm. The urine slbumm 
usually showed a somewhat higher electrophoretic 
mobility than serum albumin in the immuno-electro- 
phoretic experiments, which were oarried out at 
pH 8:2. The same observation was made by Patte 
et alt in pathological proteinurias, but not* wrth 
normal urine. The reason for this phenomenon 1s 
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not clear. Experiments with specific antisera against 
a, and §-lipoproteins seem to indicate that these 
proteins are abeont in normal urine. This is in accord 
with results of earlier mvestigators. Ouchterlony 
tests with a specific antiserum ay- mMacTO- 
globulin mdicated the presence of traces of this 
ee a Coa Bae 
the use of the Ouchterlony technique and 
sporin tntinra again purified proteins, urine was 
to contain proteins giving reactions of identity 
with the pleama proteins pre-albumm, albamin, 
ceruloplasmin, transferrin, and y-globulin. Proteins 
giving reactions of partial identity with plasma 
globulin seamed also to be present in urine. 
A detailed report of this mvestigation will be 
published elsewhere. . 
I. BaRaGiRD 
Institute of Medical Chemistry, 
University of Uppeals. 
1 Bigus, D. å., and Heller, O. G., J. Oha. Ineest., 30, 853 (1951). 
* Borggird, I., Ada Soc. Med. Upeal., 64, 156 (1050). 
t Grani; O. E., J. erat 10, 300 (1957). 
‘Patio, J J.-0., Baldessatro, G., and Loret, J., Ree. Freng. Etudes Olin. 
Biol., 8,080 (1058). 
3 Boheidegger, J, J., Int. Arok, Allergy, 8, 103 (1988). 
* Ouehteriony, O. in Allergy,” edit. Kallés, P., 8 1 (8. 
Karger, A. G., 1988). 
mea epee o , Nilson, U., and Aronsson, T., J. Eup. Med, 
“pornise H Bebinenberger, AL, and Bohwick, G., Bieabem. £., 
67 (1980), 


Steroid I[f-ol Dehydrogenase in Human 
Placenta 


In the course of work on steroid metaboliam in 
pregnancy, we have observed that adrenal steroids 
with 118-ol structure are transformed into 11]-keto 
compounds in hamogenates of the human placenta at 
term. The action and properties of the corresponding 
enzyme have been investigated. 

The hom were prepared as follows: 
5 gm. of wet placenta were ground in an all-glase 
Potter mill and suspended in 25 mL of 0-13 M 
sodium chloride buffered to pH 7-4 with 0:02 N 
phosphate. 

The activity of the enzyme was measured by 
estimating the percentage of a ee compound 
formed under standard conditions : of steroid 
per 1 gm. of placenta (5 ml. of tind omogenste), 
incubated for 80 min. at 37° C., while shakmg in 5 
stream of oxygen. 

Tritium-labelled steroids were used throughout'. 
The specific activities of cortisol-1,2-7H, of corti- 
oosterone-1,3-"H, and of androst-4-ene-11f-ol-8,17- 
diohe, were respectively 835 mo./m.mole, 413 mo./ 
mmole and 837 me. cones Dichloromethane 
extracts of the peak eho were chromatographed 
on filter paper using Bush system O and/or B1*. 
The radioactivity on the chromatograms was detected 
and measured im a windowless flow scanner’. 

The membranes (chorion) are a particularly rich 
source of the enzyme, which appears bound 
to connective tiasue. In homogenates lysed with 
0:2 per cent “Triton’, only 80 par cent of the activity 
remained in the supernatant after centrifuging for 


30 min. at 30,000 r. 

The activity in o eupamatant could be presipi- 
tated in the cold with neutral ammonium sulphate 
at half saturation. Precipitation at room tempers- 
tare-and precipitation with non-neutral ammonium 
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inverse reaction. 
02 mf of DPN added 
0 2 mAl of TPN added 
0-2 aM of DPN added 


0 2 aM! of TPN added 








DPN, diphosphopyndins nucleotides; TPN, triphosphopyrdine 
A both inactivated the enzyme. The activity 
after the tissues. 

me Gast deca ran op by 
dialysis for 24 hr. against saline. The activity could 
be restored by the addition of triphosphopyridine 
nucleotide. Diphosphopyridine nucleotide also 
restored the activity, but to a lesser degree. 

In the presence of a triphosphopyridine nucleotide- 
reducing enzyme system (glucose-6-phosphate de- 
hydrogenase) the keto compounds are reduced to the 
118-ol form, indicating the reversibility of action of 
steroid dehydrogenase. 

The enzyme activity shows a broad maximum 
between pH 8 and pH 9. 

The results are summarized in Table 1. Percentage 
conversion has been oalculated as keto form/(keto 
form + hydroxy form) x 100. 

Finally, it should be pointed out that the 11-ol 
dehydrogenase of human placenta has a low substrate 

ificity since it transforma both C 19 steroids and 

21 steroids with or without a 17-hydroxy group 
in the side-chain. 

The physiological role of the enzyme is uncertain. 
The oonversion of ll-hydroxy group to 1l-keto 
group is a well-known pathway of extra-hepatic 
steroid metabolism in the animal and in mant". 

The placenta enxyme may be part of the regulatory 
mechanism of the footal-maternal endocrine relations. 
Its presence in the placenta and in the membranes 
explains the origins of cortisone in normal human 
amniotic ftuid*. 

The technical assistance of Mrs. M. R. Lacroix and 
Miss Y. Sonnet is gratefully acknowl The 
Placenta were kindly supplied by Prof. kaert 
and Prof. Renaer from the Department of Obstetrios 
and Gynaecology. 

P. A. OSSEI 
Institut Interuniv. des Sciences Nucléairesa, 
Hôpital St. Pierre, Louvain. 

1 Osmki, P., and Vanderhaoghe, H., Ræ. Trev. Okin. Pays-Bas, 78, 
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Free Amino-Acids of the Tsetse Fly (Glossina) 


Ir was discovered some years ago that there is a 
substantial decrease in the residual (non-fatty) dry 
weight of the head and thorax of teetee flies in the 
course of starvation’. Subsequent analysis of flies 
(Glossina swynnertont Aust.) collected in the field at 
different stages of the hunger cycle showed that the 


. thoracic residual-dry weight decreases by as much as 


0:25 mgm. towards the end of the hunger cycle (un- 
published work). The findings suggest the existence 
of a non-fatty food reserve, and since neither glycogen 
nor reducing sugars could be demonstrated in amounts 
sufficient to account for these changes in weight, a 
study of the free amino-acids was undertaken in an 
attempt to identify the substances responsible. 

Amino-acids were extracted in water after precipita- 
tion of proteins with ethanol ; to avoid contamination 
with products of digestion in the gut only the head 
and thorax were used. The extract was evaporated to 

and taken up in 10 per cent p an 

Amounte corresponding to 1/20 of a tsetse 
were spotted on Whatman No. Eines pane DR 
dimensional development with water-saturated phenol 
, dnd with 77 per cent ethanol at 38° O. 
“ Fig l4 shows the free amino-acids of a well-fed 
G. morsitans Weetw. captured in the field; those of 
a similar fty starved to death at high relative humidity 
are ‘shown in Fig. 1B. The chromatogram of the 
well-fed fiy:is dominated by an intense alanine spot ; 
glutamic acid also occurs in substantial concentration, 
with arginine, taurme and serine present in smaller 
amounts, and glutamine and aspartic acid just 
detectable. The chromatogram of the starved fly 
shows a striking decrease in ninhydrin 
positivity ; a small amount of ornithine has appeared 
during starvation, the concentration of taurme and 
serme ıs about the same, but the alanine, glutamic 
acid, glutamine and aspartic acid spote have all but 
disappeared, and the intensity of the arginine spot is 
reduoed. 

Preliminary estimates of the amino-acid contents, 
using ‘Naftalin’s colorimetric technique’, have shown 
that the disappearance of the alanine spot alone 


See, ~~ 


È. 
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ps a ta a loss of between 0-1 and 0-2 mgm. In 
er words, the decrease m ninhydrin positivity is 
quantitatively commensurate with the recorded 
decrease in residual dry weight, and there oan be 
little doubt that some of the free amino-acids of the 
thorax of the teetse do indeed constitute an expend- 
able reserve of food. Viewed in this light it may 
not be without significance that the deamination 
products of the substances concerned (alanine, 
glutamic acid, glutamme and aspartic acid) are all 
members of the citric acid cyole. 

A comparison has been made between the amino- 
acid patterns of fed and starved individuals of a few 
other insects (Musca sp., Luotlia sp. and Apis melli- 
Jera). In all of them there is some change {in the 
relative concentration of different amino-acids during 
ear ae but none shows the striking decrease in 

which characterizes the tsetse 
fe Ole Other blood-sucking insecta are at present under 
investigation, and details of quantitative and oom- 
parative resulta will be published elsewhere. . 

I am indebted to the Welloome Trust for a grant 

towards equipment used in the present investigation. 
E. Bunsen 
Department of Zoology, 
University College of Rhodesia and Nyasaland, 
Salisbury. 
1 
en Bep Tast: A; Trypanosomiasis Ros. ‘One. 
"Naftalm, L., Nature, 161, 763 (1048). 


Sialoadenectomy and the Distribution of 
Thyrotrophin labelled with lodium-131 


Previous reports from these laboratories’* have 
indicated the thyroid response to thyrotrophic 
hormone, as measured by uptake of phosphorus-32 
(ref. 3), to be moreased in sialosdenectomized animals 
when compared with imtact controls. Hypophy- 
sectomy and hypophysectomy plus sialoadenectomy 
gave identical results aa iodine trapping by 
rat thyroid, but the ratio of thyroid organic iodine- 
181 to inorganio ;odine-181 indicated that sialoaden- 

ectomy reduced the- synthesis of 
Se ae organically bound iodine-1381 (ref. 
| 4). To date, our observations have 

“ ‘i ındicated some change in the modus 

| operandi of thyrotrophic hormone 

in animals whoee salivary glands 

| have been removed. To obtain 
further information regarding the 

role of thyrotrophic hormone in 

; sialex animals, it was decided to 

: investigate the distribution of leb- 

elled hormone therem. 

Animal care, feedmg, size and 
preparstion were the same as pre- 
viously deecribed™. The thyro- 
trophic hormone, given by Dr. 8. . 


Steelman of the Armour Labora- 
ee <= ~""""" “tories, was labelled with iodine-181 
by conventional methods‘ with only 
, minor . Carrier iodinse-127 
the Lower left hand corner (+) ; after devalo. $ m water: iodine to thyrotrophic hormone | 
grams were oi with 0: ae tana ' molecular ratio did not exceed 1: 100. 
and heated to 88° O. for 5 min. 1, alanine, $, glutamis acid, Under the conditions employed, the 
Biargmine, 4, eee nee ine vaspertioscid, = -diochemical yield was low (28 per | 


cent) but a high specific activity 
was obtained. After dialysis, to 
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labelled thyrotrophic hormone compared most favour- 
ably with the original unlabelled hormone, mdicating 
no detectable destruction due to the iodmation 
procedure. The final labelled preparation was diluted 
with non-radioactive thyrotrophic hormone so that 
5-8 po. of radioactivity corresponded to 5 pgm. of 
hormone in 0-5 mL of solution. 

The thyrotrophic hormone labelled with 1odme-131 
wes administered to adult male mice, mtraperiton- 
pA ae per 5 ugm. per 0-5 ml. Samples of 6 

Intact animals and 5 sialex animals were taken for 
analysis at 1, 2, 4 and 24 hr. after injection. Tissue 
samples, washed free of blood, were homogenized 
with cold water (1: 10) and the proteins precipitated 
with 1 vol. of cold 20 per cent trichloracetic acid. 
The precipitated proteins were centrifuged, washed 
with water, alcohol end ether, then ded in 
3 ml of salme. The radioactivity of the protem 
suspensions was meesured in a deep-well scintillation 
counter. The counting was pre-set to give a statistical 
error no greater than 1 per cent. The protein content 
of each sample was estimated from the nitrogen 
content, which was measured by a mucro-Kjeldahl 
procedure. All results are here as counts 
per minute per mgm. of tiesue protem. 

The resulta, mdicated in Figs. 1 and 2, show that 
all the tissues of the sialex mice retained the labelled 
thyrotrophic hormone (or its degradation producta) 
in higher concentratiors than did the mtect control 
animals. After 24 hr., the thyroids of the sialux mice 
concentrated activity from the thyrotrophic hormone 
2-00 times more than did the intect controls, adrenal 
5-20, kidney 38-12, heart 3-00, lung 2-73, spleen 
2-69, thymus 2-50, liver 2-04, skeletal mmscle 1-72, 
testes 1-69 and brain 1:67. The concentration of 
activity in the thyroids of both sete of animels 
exceeded the concentration of all other tissues by 
factors of at leest 9-3 and 7-4 for sialex and intact, 
respectively. These different tissue concentrations, 
we feel, can only reflect some profound changes in the 
metabolism of, and the hormone response by, the 
sialex host. 

The activity ing in the thyroid is especially 
interesting, it bemg the target tissue for thyrotrophic 
hormone. The very high concentration of labelled 
thyrotrophie hormone in the sialex animals recalls at 
once our previous observations’ regarding the effects 
of thyrotrophic hormone im these animals. This 
ee ee 
hormone since we have not o ed any extra- 
ordinary uptake when either beef albumin or human 
albumin labelled with iodine-131 was administered. 
Decomposition of iodine-131 labelled protem has been 
shown to be e slow procees* and should be of Irttle 
importence in this short-term experiment. We 
would lke to recall the observations of Bekor and 
Abrams’, which indicated a salivary gland—pituitary 
relationship to exist. They showed that hypophynec- 
tomy resulted in atrophy of the ee glands and 
also depressed the -pecreting capacity of 

zymogenic cells. It is quite probable that maloeden- 
ectomy decreases enzymatic degradation of thyrotro- 
phic hormone, especially in the thyroid as well as in 
other tissues as the present resulta seem to indicate. 
Work by these authors reveals that sialex animals 
absorb lebelled proteins and feta lesa rapidly than do 
intact controls, the decreesed absorption being releted 
to depressed enzyme activities. On the basis of these 
observrsions, our present interpretation is thot 
rialoedenectomy impairs the proteolytic activity of 
ell tissues, especially the thyroid wherein specific 
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proteolytic enzymes exist and which degrade thyro- 
trophic hormone. The rate of degradation of thyro- 
trophic hormone would contribute to regulating the 
rate, and perticularly the duration, of action of the 
hormone. The reduced proteolyms of thyrotrophic 
hormone in the maloadenectomized animal resulte in 
an extended duration of action. This permite a 
more pronounced uptake of phosphorug-82, which is 
due to an imoreaged lity effect and other 
phenomens associated with the mechanism of action 
of the thyrotrophic hormone. Direct measurementa 
of proteolysis in the thyroid of control and sialex 
animals are needed to confirm this h . 

We wish to acknowledge the technical sasistance 
of Mra. Nancy Fogel and Robert Sherman. 

This work waa sponsored in a from 
the Office of Naval ] Research pe eT a Fund 
of the Hahnemann Medical College. 


Apraun W. Wass 
Yu Saana Louse Fane 
Division of Biological Chemistry, 
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Biosynthesis of Linamarin and Lot- 
australin in White Clover 


TEn strains of white clover (Trifolium repens L.) 
most widely used in New Zealand contain the cyano- 
genetic glucogides lotaustralm and linamarin (1), 
which aro the glucosides of methylethylketone 
cyanhydrm and acetone cyanhydrin respectively’. 
Melville and Doek? isolated a mixture of the two 
glucosides from white clover in quantities as high as 
1-5 gm. per kgm. fresh material. The pharmacology 
of these compounds for rumimants grazing on white 
clover has boon studied from the pomts of view of 
potential cyanide toxicity’ and goitrogenic action**. 


OOH OH 
(1) (2) (8) 
lnamarin valine 
(loteustralin) (isoleucine) 


From structural considerations, and by analogy 
with the findings of Gander’. on the biosynthesis of 
p-hydroxymandelo-B-glucoside in Sorghum vulgare, 
1) was thought likely that the biosynthems of lotaus- 
tralm and limamarin might be related to the meta- 
boliam of isoleucine and valine (2) respectively. Some 
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prelminary experiments on the biosynthesis of these 
compounds are reported hare. 

Four groups of seeds of New Zealand cerinfied 
white clover were germinated m the dark on moistened 
filter-papers, to which 10 o. of one of the following 
earbon-14 labelled compounds had been added: 
1-6 umole L-teoleucine (generally labelled), 2:7 umole 
DL-valme-1-*O, 6-5 umole pi-valme-4-“O and 0-6 
umole glycine-2-0 (obtained from the Radiochemical 
Centre, Amersham). On the fourth day, the seedlings 
were transferred to a glasshouse for a further 2 days, 
after which they were extracted with boiling’ 80 per 
cent (v/v) aqueous ethanol for 15 min. The extracts 
were taken to drynsee, shaken with 3 ml. water and 
clarified by centrifugation. Aliquots of 50 uL and 
150 ul. of each extract were applied in dupheate to 
Whatman No. 1 filter-papers as adjacent bands and 
chromatographed in methylethylketone—acetone~ 
water (3: 1: 0-6) at 20° C.*. 

Linamarin and loteustralin in the 50-pJ. chromato- . 
grams were detected by the followmg unpublished 
method, developed by P. Mortimer, Department of 
Organic Chemistry, University of Adelaide. Each 
chromatogram was sprayed with linamarase solution 
(prepared from linseed meal by the method of Coop’) 
and held m a ‘Perspex’ prew adjacent to a similar 
sheet of paper which had been dipped m picrate 
reagent! and dried in air. A perforated ‘Perspex’ 
sheet ted the two papers. The enzymo lma- 
marase hydrolysed both lotaustralm and lmamarin 
with the liberation of hydrogen cyanide and the 
correspondmg ketone. After several hours, orange 
spots were sean on the picrate papers in areas corre- 
sponding to the ides. mean Rr value of 
0-59 was observed for hnamarin and 0-72 for lotaus- 
tralin : ine, valme and isoleucine were found at 
Rr values of 0:02, 0-10 and 0-18 respectively. 

Tha corresponding areas containing lotaustralm 
and linamarm on the chromatograms of 150-l. 
aliquots were then cut out and eluted with water. 
The eluates were dried, taken up in 0-5 ml. water and 
0-1-ml. aliquots were pipetted on to planchettes. 
These were dried under an infra-red lamp and counted 
Me en ee ee ae 
window Geiger-Muller tube. Aliquote 0-2 mi. 
lmamarese solution'* were pipetted on to tha 
planchettos, which were placed in an incubator at 
25° for 16 hr. The water and volatile products from 
Imamarase action were evaporated under an infra- 
rod lamp and the planchettes agam counted for 

The total counts found for the four treatments, 

in terms of the total plant material, are 
given in Table 1. Corroctions have been made for 
background counts and for sample geometry ;. a 























Table 1. TOTAL BADIQAOTIVITY (courTs/Mix. x 10, FOR TOTAL 
Praxrt ) FOUND mw BLUTES FROM LIKAMARIN AMD 
LOTAUSTRLALIN Regions oy Onno. BEFORE AXD AT 
Lax. Action 
aE iy 
Before Lina After una- Radioactivity 
marase action marase action in aglyoons 
Amuino-acid 
fod Lma- Lot- Limsa- Lot- Lana- Lot- 
marin ausirelin | marm | australin | marm | austraLn 
Giycine-2- 
uO 47 65 41 58 6 —38 
L-tso Leucins- - 
“0-G 42 270 41 30 1 281 
DL-Valine-1- a 
48 20 44 6 4 15 
DI-Valine-4- 
“g 455 61 47 51 408 10 
i : 
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self-absorption correction was not roquired. The 
loss in counta efter lmamarase action corresponded 
to radioactivity in the aglycone portions of lotaus- 
trelm and lmamarin respectively ; remaining counts 
could be due to activity in the glucose portions of 
lotaustralm and Imamarim or to activity in other 
compounds present at these Ry valuce. 

Tt will be soon that appreciable radioactivity was 
found in the aglycono portion of lotaustralin when 
generally labelled teoleucme-“C was fed and m the 
aglycone ion of lmamarm when pI-valme-4-4C 
was fed. Feeding with glycine-2-“C and p1i-valme-1- 

uC resulted in negligible redioactivity in the aglycone 

portions of both linamarin and lotaustralin. 

Theee findings support the. h: is that the 
biosynthees of lotaustralin and lmamarin is related 
to the metaboham of isoleucine and valine, respec- 
tively, and that decarboxylation occurs im the process 
of formation of the cyanide grouping. By analogy 

+ with the findings of Gander’.", it would appear likely 
that tho corresponding B-OH-amino-acids (8) would 
be intermediates, but no evidence has so far been 
obtained for their presonce. 

This work is continuing and will be reported in 
detail elsewhere. 

G. W. BUTLER 
= ' Bsnıs G. BUTLER 
Plant Chemistry Division, 
Department of Scientific and 
Industrial Research, 
Private Bag, 

Palmerston North, New Zcelend. 
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BIOPHYSICS 


Evidence for Internal Organization of 
Nucleic Acid in T2 Bacteriophage 


Puuiers of T, bacteriophage have been found to 
be liquid crystalline and to be tively birefringent 
when subjected to stresses which cause alignment. 

A drop of T, bacteriophage suspension placed on 
a miorogoope slide and covered with a coverslip, 
when allowed to dry, reveals birefringencé at the 
edge of the coveralip. When the slow direction of 
` ~ the compensator (Red I plate) is aligned parallel to 

the edge of the coverslip, and both are placed at 

45° to the aroased Nicol prisms of a polarization 
microscope, the birefringent areas appear orange-red, 
indicative of negative birefringence. Control experi- 
mente with drops of tobacco mosaic virus solution, 
- however, produce positive birefrmgence, in accord- 
, aboe with studies of a similar nature made by Bernal 
“and Fankuchen!. 
The periphery of pelleta of these two viruses also 
exhibits birefri . Again, when aligned parallel 
to the slow axis of the compensator, the T, bacterio- 
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1. Photomtorogra f a streak from a T bactgrophago 
ii exhibiting Btitingmee "wien omented ab 45° to 
. jomed nicols of a microscope. (x e. 10) 


phage indicates negative birefrmgence while the 
tobacco mosaic virus demonstrates positive bire- 
fringenoe. 

Finally, when material taken from a T, bacterio- 
phage pellet is streaked on a microscope slide at 
45° to the crossed nicols, it appears orange-red when 
the slow direction of the compensator is 
parallel to the streak (Fig. 1). A similarly oriented 
streak from a pellet of tobacco mosaic virus damon- 
strates positive birefringence, however, as revealed 
by a blue oolour. 

That the birefringence might be the result of extra- 
pele deoxyribonucleic acid extruded from the 

iophage during the manipulative procedures 
employed price to the polarization microscopy would 
appear to be precluded by the following obeervations. 
Streaks drawn from pellets of aliquots of a T, 
bacteriophage preperation, one treated and the other 
untreated with deoxyribonuolease prior to sediments- 
tion in the ultracentrifuge, revealed equally strong 
negative birefringence. In contrast, streaks fram a 
pellet of an osmotically shocked! 7, bacteriophage 
preparation, centri sufficiently long to sediment 
the ghosts but not nuoleic acid, were non-bire- 
frmgent. When the supernatant fluid from this 
shocked material was afterwards centrifuged at a 
force calculated to sediment the nucleio acid, streaks 
drawn from the resulting pellet were negatively 
birefringent. An aliquot of this same supernatant 
fluid treated with deoxyribonuclease yielded a pellet 
approximately one-fiftieth the size of the undigested 
material, and streaks of it were non-birefrmgent. 
The results of these iments, therefore, are oon- 
sistent with the idea that the birefringence is caused 
by the nucleic acid contained within the bacteriophage 
particle. 

Attempts have been made to demonstrate align- 
ment of the bacteriophage particles within the streak 
using the electron mi . Binoe areas of the 
streak sufficiently thick to exhibit birefringence with 
polarization optics were too thick for electron miero- 
soopy, the surface of the streek wes replicated. It 
was observed that large arees demonstrate close 


pecking of the particles, as m & crystalline array, 





Fig. 2. Platmum preshadowed 
See ie a aaa dfawn oa fedhiy ie ald 
xa 


carbon replica o 


i 
3 


although the diffculty in visualizing the tails makes 
it imposmble to establish conclusively by electron 
microscopy that the individual particles are prefer- 
entially oriented within the pattern. One auch 
is shown in Fig. 2. In this picture there 1s a strong 
suggestion of omentation with the long axes of the 
particles lymg perpendicular to the ahadow direction. 
The principal evidence, however, in favour of the 
orientation of the T, bacteriophage particles with 
their long dimension m the direction of the streak 
comes from hydrodynamic oonsiderations, As a 
general experience, when viscous suspensions of 
anisometric particles are subjected to stretchi 
forces, such as in the streaking experiment descri 
above, the particles are oriented with their long 
dimension in the direction of the stress. Furthermore, 
preliminary flow birefringence expermments with T, 
bacteriophage suspensions m pH 5-2 phosphate buffer 
have indicated negative birefringence, although weak 
in comparison to the strong positive flow birefringence 
demonstrated by a tobacco mosaic virus solution 
subjected to the same veloorty gradient. This is, 
of course, what one might expect in view of the 
considerably smaller axial ratio of the T, virus. 
That alignment of rods in a medium of different 
index of refraction will produce form birefringence 
independent of whether the particles themselves are 
intringi birefringent was postulated by Wiener 
in 19124. Lauffer’ showed that for tobacoo mosaic 
virus the double refraction of flow decreased in 
magnitude as the difference in refractive index 
between that of the virus and the suspending medium 
decreased. The latter result umplies that the flow 
birefringence produced by tobacco mosaic virus is 
mostly form and only minimally intrinsic. The fact 
that T, bacteriophage is much less anisometric than 
tobacco mosaic virus, yet contains considerably more 
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nucleic acid, suggesta that ite intrinsic birefringence 
should be of greater significance. The net negative 
birefrmgence observed means that the intrinsic 
birefringence exceeds any positive form birefringence 
in oriented suspensions of T, bacteriophage. Since 
deoxyribonucleic acid fibres oriented parallel to the 
optic axis are negatively birefringent, the results 
thus obtained would mdicate that the mtrinsioally 
negative birefringent nuoleic acid of the becterio- 
phage is at least partially oriented paraJlel to the long 
axis within the virus particle. Prelunmary quahti- 
tative double refraction measurements mdicate that 
the extent of internal deoxymbonucleic acid orienta- 
tion is high. 

X-ray diffraction patterns of oriented Sepia and 
Loligo pa have led Wilkins and Randal’ to oon- 
clude the sperm head consista of material 
possessing a crystalline order. Certain advanced 
stagea in the differentiation of the spermatid of the 
grasshopper, (elastorrhinus biooler, have, when sec- 
tioned longitudinally for electron microscopy, revealed 
parallel elaments running lengthwise to the long axis 
of the nucleus’. Smoe the similarity between bacterio- 
phage and sperm has been alluded to by many 
Investigators, one additional similarity may be 
postulated ; namely, alignment of the deoxyribo- 
nucleic acid strands within their heads, parallel to 
their long axes. 

We wish to thank Dr. Robert V. Rice, of the 
Mellon Institute, for making the flow birefringence 
equipment available. 

This work was partially supported by a grant from 
the Office of Naval Research. 
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- Max A. Laurree 
Department of Biophysics, 
University of Pittsburgh, 
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PHYSIOLOGY 


Lipæmic Clearing Action of Artificial 
Anticoagulants 


Ta action of co aa in clearing lipæmic plasma 
is well known’. e hevo mvestigated the tn owo 
clearing action of several anticoagulants, includmg 
heperin, using isotopically lebelled fate, and have 
found that all the enticoagulents tosted so far clear 
lipssmic plasme, in vsve. 

The testa were cerried out in man using glyceryl 
trioleate (triolein) Iebelled wrth iodme-131. The 
fasting subject was given a test meal containing 
100 gm. fat which included 50 uo. of the iodmo-131 
triolein, m the manner deseribod by Ruffin and 
othors*’. Blood samplos were collected over tho next 
48 hr. Froe iodide was romovod from the blood 
samplos by exchenge resins, and the remaining radio- 
activity per ml. of blood expressed ea percentage of the 
admimistered dose. This figuro, times the subject’s 
blood volume (70 ml.fkgm.), then gave the alimentary 
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anticoagulant 
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Percentage of fodine-131 triolein In pid form m blood 
» f 


Time hr.) 
Hech of heparin on alimentary lipemia 


Fig. 1. 


lipemia as a percentage of the fat ingested. A typical 
curve is shown in Fig. 1, upper curve. 

The tess was then repeated on the same patient 
while receiving 7,500 unite heparm 4-hourly and a 
typical result is shown in the lower curve of Fig. 1. 
This response to h was found in each of 12 
subjects investigated in this way. The curve rises 
io enactment in 9-6 T: The subsequent decline is 
found to be representable in the form : 


i O = O, axp(—bt) (1) 


where O is the concentration of tracer fat per ml., è 
is the time measured from the maximum, O, the peak 
concentration and b, a rate constant. 

By plottimg the 


tion of the rate of lipemic clearance. In terms of this 
coefficient, our findings with heparin are summarized 
in Table 1. 

These results are similar to those obtamed pre- 
viously by other methods. 

It is generally assumed that the artifloial anti- 
coagulants do not clear li io plasma*. However, 
we have found that under ions of our experi- 
ments the artifloial anticoagulants do clear post- 
alimentary lipsmia in vivo. A series of 40 patients 
has been investigated both on and off anticoagulant 
therapy using indanedione. In this series phenindione 
(‘Dindavan’)* and diphenadione (‘Oragulant’) were 
used alternatively. The dosage used was adjusted to 
maintain each patient's prothrombin time within 
the range 40-60 per cent of his own normal value. 
The results are summarized in Table 2, and & typical 
result showing the in vivo effect of phenindione is 
shown in Fig. 2. 

This series of 40 subjects comprised patients in 
hospital following coronary occlusion. The tests were 
carried out ab least 6 weeks after infarction and the 
order of the consecutive tests (on and off anti- 
coagulant) was randomized. In some cases three 
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teste were carried out on the same subject m the 

order ‘Off’, ‘On’, ‘Off’ anticoagulent. No change in 

the lipid toleranoo curve was rooorded in two oasen 

posrtive effect waa recorded in 38 in this series 

eee tested while under the influence of 
Roeper 


munication). 

To this end a further series of mx patients was 
tested while under and while not under treatment 
with the coumarin derivative 38-(1-phenylpropyi)-4- 
hydroxy coumarm (‘Marcoumar’). The resulta of 
this trial are given in Table 3. 


Tablo 3 





Bix patients without anti- 


ot 0-07 £008 
aa ote 0-16 + 008 





Woe may therefore conclude that the artificial 
anticoagulants possess the property of cloaring 
lipemic plasma $n vivo. This effect does not a 
to depend strongly on the molecular structure of the 
anticoagulant used. The rate of removal of alimen- 
ee ek a ee epee 

tio dosage of heparin used, and approximately 
doubled by the normal therapeutic dosage of artificial 
anticoagulants. 

These results may be related to the efficacy of 
poster in the management of post-infarction 

ETER pale in view of the part played 
by lipids lipids in blood coagulation’. 


[ar] 


Percentage of lodine-131 triolein in lipid form in blood 
w 





Time (hr.) 
Fag. 2 Effect of synthetic anticoagulant on alimentary lipemia 
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This investigation was supported by the Post- 
Graduate Medical Foundation, University of Sydney, 
and will be described more fully elsewhere. 
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Mechanism. of the Physiological Action of 
: Rotenone 


Rormona has been widely used as a poison for 
the extinction of fish populations. Its action was 
earlier ascribed to a histolysis of the gills' and a 
blocking of the circulation? in the gills. Recently, 
one of us?’ has demonstrated that these effects are 


secondary changes due to advanced stages of poison- 


Excised gill filaments fram specimens of Leucisous 
rutilus L. pretreated wrth rotenone (8-1 x 10° M) 
for 8 mm. show an inhibrtion of the respiration of 
78 per cent (Warburg experimente, medium Krebs- 
Ringer solution). Addition of 3 x 10> M methylene 
blue to the medium restores respiration up to 83 
per cent. Also in mouse liver slices rotenone causes 
an inhibition of the respiration, a concentration of 
160° x’ 10" M giving en inhibition, of 47 per cent. 

In order to gam further information on the point 
of attack of rotenone, we studied its effect on the 
respiration, of rat liver mitochondria, isolated accord- 
ing to Schneider and Hogeboom‘. The medium was 
a sucrose-phosphate buffer pH 7-4 (2-0 ml.), contain- 
ing 50 umole phosphate, 10 oe magnesium 
chloride, to which were added 2 pmoles adenosine 
diphosphate, 80 moles glucose, and an excess of 
hexokmase in order 


mgm. 
tissue. Rotenone was dissolved in ethanol, the final 
concentration of which in the samples 
did not exceed 8-4 x 10° M. Succinate or pyruvate 
was used as substrate, and added in amounts of 
60 umole per sample. It appears from Table 1 that 
the respiration of mitochondria is imhibited by 
rotenone only when is the substrate. This 
inhibition, is by methylene blue. In order 


Table 1. Resrmatiow or Rav Liven AITOOHONDRIA MMASURED AT 
20°C. Di can WARBURG APPOLON, Gas PRASE AIR, Fon Manrox, 
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to find out if the inhibition is caused by a block in 
electron transport or in oxidative phosphorylation 
we studied the effect of 10+ M dmitrophenol on the 
inhibition caused by rotenone in the same mito- 
chondrial system as above. This substance did not 
cause any change in the effect of rotenone upon 
respiration. Obviously rotenone mbhibita electron 
transport, the block being situated on the substrete 
side of cytochrome b. Viewed egainst the generally 
accepted opinion that methylene blue acts as ean 
acceptor of electrons from diaphorase, our results 
suggest that the block caused by rotenone is located 
between diaphorase and cytochrome b. Difference 


show, however, that cytochrome Gs, a, o, b and 
diaphorase are oxidized in the presence of rotenone. 
We will not comment at present on these results. 
A detailed report is being published elsewhere. 
Financial support from the Fishery Revenue 
Funds, and a grant from Stiftelsen J. C. 
Minne to one of us (K. E. 0.) are gratefully acknow- 
ledged. We are indebted to Dr. Karl-Hemx Kiessling 
for introducing us to methods for preparing mito- 
chondria and to Prof. Olof Lindberg for valuable 
discussion. 
P. E. Linpasn 
- K. E. Osara 
Institute of Zoophysiology, 
University of Uppsala, 
Sweden. 


‘Daneel, Rolf, Z. serøl. Phywtol., 18, 524 (1933). be 


Influence on the Effect of Vasoconstrictor 
Amines by Pretreatment with - 
Reserpine 


I mavs exammed the mflnuence of reserpine pre- 
treatment (5 mgm./kgm./2 days, raD L OEE) 
on the vasoconstrictor action of a series of sympatho- 
mimetic amines and of acetylcholine in high con 
cation wand tho kind oes OF wat and Jeakeon's 
toad preparation. 
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The results obtained with norepinephrine, epine- 
Beene phenylephrine, ephedrine, d-l-amphetamme, 

amphetamine, and mephentermme co. that 
reserpine istes or leaves unchanged the motor 
effects of cateahol or Soret apiece a but 
inhibita those of phenylethanolammes reversibly 
and those of phenyl or phenolethylamines irreversibly?. 

I found, however, that reserpine in some instances 
transformed vasoconstrictor effecta into vasodilata- 
tion. Thus, im animals treated with reserpine, 
mephentermine vasodilatation, instead of 
vasoconstriction. After simular eatment, ephe- 
drine also cocagionally produ vasodilatation (3 
animals among 20). This effect might be due to 
an unmasking and/or potentiation of actions on 
8 receptors. In fact, it was found that reserpine not 
only potentiated the motor effects of norepmephrine 
but also the inhibitory actions of tsoproterenol. 
Pretreatment with roserpme enhanced the vesocon- 

i naphazoline and reduced that of 
cyolopentamine ( out statistical significance). 
Therefore, these drugs seem to act directly on vaso- 
constrictor receptors, adrenergic or not. 

Acetylcholine in high concentration produces vaso- 
constriction instead of vasodilatation, by releasing 
an epinephrine-hke substance’. I have confirmed 
this effect and found that it disappeared in animals 
treated with me. 

For comparzon I also studied the mfluence of 
pretreatment with cocame on the vascular action of 
some thomimetic amines. In Jackson’s toad 
preperation, the effects of phenylephrine, tsoproter- 
enol, ephedrine, cyclopantamme and napharoline, 
are influenced by cocaine in the same way as by 
Teserpine. 

This work was carried out with the aid of a scholar- 
ship from the Asociación Argentina para el Progreso 
de las Ciencias. 


EH. O. SABELLI* 


Curso de Paicófarmacología, 
Facultad de Ciencias Médicas, 
Universidad de Buenos Aires. 


* Present address : de meup oma Paloofarma 
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Ther., 125, 178 (1088). 
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Proportion of Noradrenaline to Adrenaline 
In the Adrenal Glands of Litter-mate Cats 


Ir is well known that the proportion of noradren- 
Se eee eee a ot pa 
varies considerab] om cat to cat. Butterworth 
and Mann! have ce ater 18-91 per cent 
of noradrenaline in the adrenal glands of a group of 
38 cate of both sexes. This animal-to-anmal varis- 
tion is in marked contrast to most other laboratory 
animals, where the proportion of noradrenalme to 
adrenaline is constant for a grven species. 

To investigate this variability, litters of healthy, 
young cats were used. All animals were of such an 
age as to obviate any factor concerned with an 
increased noradrenaline content in early life’. Hach 
cat was given 120 mgm./kgm. of pentobarbitone 
sodium, mtraperitoneally. Two minutes later both 
adrenal glands were rapidly removed and an extract 
prepared in N/10 hydrochloric acid. The nor- 
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removal of the adrenal glands 


ty 


adrenalme and adrenalme contents of the extracts 
were determined by different biological assay tech- 
niques, using the cat nictitatmg membrane and blood 
pressure as separate test preparations. 

Fig. 1 shows the percentage of noredrenaline in tho 
adrenal glands of litter-mate cats. 43 animals from 
17 litters were used and a range of 8-84 per oent of 
noradrenalme was found in their glands. This 
variation was i dent of the ages, weights and 
dieta of the animals. However, although there waa 
& wide variation in the percentage of noradrenaline 
between litters, there waa little or no variation within 
a litter. This is true m every litter studied, and is 
independent of the size of the litter, the sex and 
general appearances of the animals. 

It appears therefore that, although there is this 
considerable variability im the percentage of nor- 
adrenaline in cat adrenal glands, there is little varia- 
tion within a litter. Previously it has been necessary 
to compare the catechol amine content of the adrenal 
glands of an individual cat, one gland being removed 
as a control before the experiment is begun. The 
application of the above observations is that now it 
ig possible to divide litters of cata into test and 
control groups, in the same way as many other 
ge eee ronald oe are used. 

ount of this work, together with 
es concerning the ernie between the 
adrenal glands of the as and their offspring, 
will be published else 


K. R. Burrerworte 


Department of Pharmacology, 
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Polyenoic Acid in Hypercholesterolamia 
induced by Pyridoxine Deficiency in Rats 


Brinonare: fires that development of 
atherosclerosis may be related to the level of polyenoio 
fatty acids in blood, and; since pyridoxine is known 
to be a factor for conversion of lmolineate to arechi- 
donate’, atherosclerosis observed in pyridoxine- 
deficient monkeys’ may be related to the deficiency 
of arachidonate. To test the validity of the hypo- 
thesis, we decided to make a detailed study of the 
unsaturated fatty acid content of the blood and of 
cholesterol and unsaturated fatty acids in the aorte 
of pyridoxine-deficient rats and to find whether the 
hypercholesterolamia observed had any relationship 
to cholesterol synthesis in the deficient condition. We 
have therefore determined simultaneously hver and 
bile cholesterol, since bile cholesterol is known to 
reflect faithfully the status of cholesterol synthesis 
by liver. i 

Sixty weanling rata were allowed to feed, ad 
libitum, a purified besel diet containing vitamin-free 
cagoin 22-0 per oent, sucrose 66:5 per cent, fat 
(oooo-nut oil) 7-0 per cent, salt mixture‘ 2-5 per cent 
end sulphaguanidmo to deplete vitamms. After 
three weeks, the animals were divided into groups of 
20 each. Group I animals received the bagal diet 
supplemented with vitamin mixture; Group IL 
animals received the same diet but the amount of 
food given was so restricted as to make their growth 
curves correspond to the Group IL animals which also 
received the same diet with the exception of pyri- 
doxine. After nine weeks the animals were killed. 
Blood was drawn. directly from the heart after opening 
the thorax, and serum obtamed from two such 
animals were pooled and analysed for polyencic fatty 
acids and cholesterol. 

For polyenoio fatty acids, serum (2 ml.) was refluxed 
under nitrogen for 8 hr. with Bloor’s mixture, filtered, 
residue further extracted for an additional 8 hr. under 
nitrogen, the two extracts mixed, dried over anhy- 
drous sodium sulphate and total lipids re-extracted 
with 10 ml. petroleym ether. The petroleum ether 
extract was passed through a silicio acid column! 
(21 x 800 mm.) operating under a alight but constant 
preesure of nitrogen. The column was then eluted 
with 350 ml. loum ether containing I per cant 
ethyl ether at a rate of about 150 ml. per hr. Tho 
solvent was removed from the extract under reduced 
preasure at 60°, saponified with alcoholic potassium 
hydroxide, extracted quantitatively with petroleum 
ether after acidification, made to standard volumes, 
and 15 ml. were isomerized st 180° with potassium 
hydroxide—ethylene glycol in reaction tubes’. Absorp- 
tion spectrum was determined m the ultra-violet 
range of a Unicam S.P. 600 spectrophotometer. 
Concentrations of polyenoic acids were calculated by 
using the equation of Herb and Riemenschneider’. 
The iodine value was determined in another aliquot. 
Bile was collected from fistula from rats under 
urethane anesthesia. For histochemical observations 
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frozen sections of acorte were used. Unsaturated 
fatty acids were stained by the bromination method 
(Sen, P. B., personal communication) and cholesterol 
was determined by polarization microscopy and by 
the 8chulty techniques. 
The results are shown, in Table 1 and in the photo 

micrographs (Fig. 1). The Group II animals 
characteristic pyridoxine deflciency morphologically ; 
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their serum tetraenocic ecids were significantly lower 
and cholesterol deposition in -aorte was also signi- 
ficant. The h; olesteroleamia appears to be due 
to moreased mo jlization from liver, and cholesterol 


permision to publ and to meei C. Mukerjee 


end advice. 
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Strain Differences in Acetylcholine 
Concentration In the Brain of the Rat 


Wa havets ublished results indi mdi- 
vidual and strain differences in cortioal and corti- 
cal cholinesterase activity in two strains of rats regu- 


a pader ead hee te EET se e 
the Castle foundation stock of the University of 
Californie Genetics Laboratory. Within each set, one 


(Roderick 
ag aeai and RDL, ROH, and ROL 


Our original interest in individual and strain 
differences in cholinesterase activity stemmed from 
our observations which indicated a relationship 
tive behaviour of the rat and the 
‘We have tended 


nervous system, and by assuming that the cholm- 
esterase activity of the brain was highly correlated 
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with ite acetylcholine content and would thus'give a 
useful index of the activity of this system. Further 
work on the relati between behaviour and 
cholinesterase indicated t this latter assumption 
was questionable and.led to the hypothesis that the 
genetic determinants of cholinesterase and acetyl- 
choline were independent (a report of all the relevant 
behavioural and biochemical data and of the theareti- 
cal argument in support of this hypothesis is now in 
Fortunately, in the animals already 


hypothesis. If cholinesterass and acetylcholine are 

ically linked, then in each set of strain the strain 

in cholinesterase should be higher in acetyl- 
choline. 

In this communication we report the imi 
results of a study of the brain acetylcholme content 
of animals fram each of these atx strains. 

As acetylcholine is & very labile constituent of brain, 


small cage into a large Dewar flask containing liquid 
oxygen’. The brain (excluding cerebellum, medulla, 
and ) was removed from the frozen head, weighed 
, crushed? and then extracted with acidulated 
alcohol with slight modifloations of the technique 
originally described by Stone’. This method of 
extraction gave a higher yield of acetylcholine than 
did the use of trichloracetio acid. 

The acetylcholme in the extracts was assayed on 
the rectus abdominis muscle of the frog R. pipiens, 


occur in 
animals frozen in liquid ra, Nay Gael 
Feldberg’s method’. 

tions of the muscle by a conventional isotonic lever, 
virtually isometric conditions were imposed by 
attaching the muscle to a transducer (Statham 
Instrument Co. model 987-G7A + 0-15 ox.) connected 
to a Leeds and Northrup ‘Speedomax’ recorder with 
a 4-mV. full-scale sensitivity. A l-gm. increase in 
tension exerted on the transducer resulted in a full- 
scale deflexion of the recorder, and this arrangement 
provided a convenient system which gave reliable 
and reproducible assays. 

All samples were coded and the analysis order was 
randomized to avoid bias or systematic errors. 
Duplicate analyses by several different analysts gave 
similar results. 


The resulta of the soetylcholine determinations 
are summarized in Table 1. Each high cholinesterase 
group (the Sy the ROH and the RDH) is compared 
i low cholinesterase group 

(Su, Re ‘ROL, EDL). Table | indicates that the acetyl- 
line concentration (mpM/gm.) of the S, rata is 

shout 14 par cont higher than that of the Sh sirain > 
This difference is statistically signifloant at better 
than the 0-001 level of confidence. Thus, for the 
Tryon animals, the stram higher in cholinesterase 
is also found to be higher in acetylcholine. However, 
the oo does not hold for the Roderick 
animals. For the RO rata the high cholinesterase 
strain (ROH) has an aocetylaholine concentration 
which is about 9 per oent higher than the low cholin- 
esterase strain (ROL). This difference is signifloant 
at the 0-05 level of confidence. The soetylcholme 
concentration of the RDH rats is easentially equal 
to that of the RDL rata. The difference of 0-6 per 
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Table 1? Braue ACETYLOHOLINS Conca trarrom OF Six Breau OF 
Strain 8, 8s ROH ROL BDH RDL 
No. 16 19 u u- lk 16 
A oi, 125-151 184-165 144-158 - 144-159 150-170 "160-177 
Erie 
+ 27-34 24-07 24 2 22-47 23-18 Re 
ee 200 2-32 1-37 2-70 > 148 1 96 
317 206 0-15 
t š 4 2-17 O33 
'P > <0 001 <00 nas. 


cent, which, does exist, does not approach statistical _ 


These resalta seem to support our hypothesis that 
the genetic mechanisms cholinesterase 
activity and acetyloholine concentration in rat brain 
are independent. If this be true, one might expect 
various ratios of acetylcholine to cholinesterase to 
occur -in Nature. The acetyicholine/cholinesterase 
ratios cannot be given at present for the six strains, 
since the tissue samples were not completely com- 
parable for the two types of analyses. For the 
acetylcholine determination, the brain tissue excluded 
the cerebellum and the lower brain stem. For the 
cholinesterase determinations, separate values were 
obtained for samples of the dorsal cortex and for a 
subcortical sample which included the cerebellum 
and lower brain stam. Cholmesterase analyses are 
now being made on samples comparable to those used 
in the acetylcholine determinations, and the results 
will be reported elsewhere. If different ratios occur, 
this in turn suggests that neither acetylcholine nor 
cholinesterase alone may be an adequate index of 
efficiency at cholinergic synapses. Furthermore, 
another compound intimately involved is cholme 
acetylase. Determination of brain choline acetylase 
activities in rate of our six strains is planned. This 
ee eee 
efficiency of neuronal functi adequacy of 
adaptive behaviour is a function panenan free pea A 
choline acetylase, acetylcholine and cholinesterase. 
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Variability In Levels of Blood Uric Acid 
in Five Species’ of Birds 
OUL studies on serum urio acid in 
birds showed the existence of diurnal differences 
in concentration. Therefore, it seemed ap riate 
to study the factors associated with these differences. 


` This work is based on 128 birds of four species : 


Carpodacus mexicanus, Lophortyx californica, Passer 
domestious and Zonotrichia leucophrys. The birds - 
were housed individually at ranging 
from 22 to 26° C. on a daily photoperiod of .5 hr. 
To test a non-flymg bird, week-old chicks kept at 
33° O. in a brooder on a 5-hr. photoperiod’ were used. ' 
Water consumption was measured to check the 
degree of hydration prior to obtaining blood samples. 
Blood sera were analysed colorimetrically’. Activity 
was induced by (a) placing the birds in a cylindrical 
cage 8 in. in diameter and 24 ‘in. in length and forcing 
them to hop by slowly rotating the cage at 6 r.p.m. | 
with an electric motor for 2} hr. or by (b) releasing 
them in mid-air in an empty room illuminated by 
dim red light. The birds were not attracted by the 
red light, although we had previously observed them 
flying towards any stray white light when they were 
permitted to fly in a darkened room. Because it was 
im ible to keep the birds flying in the dim red 
lebt for tharo te Sang Eir ARTA dre they were picked 
up at the end of each flight and re-released a sufficient 
number of times to give the approximate equivalent 
of 10 min. continuous flight. 

The concentrations of uric acid in the sera of birds 
of all five species were statistically similar after an 
18-hr. period of darkness (Table 1). Levels of uric 
acid in serum samples removed at the middle of the 
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Tabla 1. 
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Serum urio acid (mgm./100 ae.) - 











© Where samples were lees 
Hite drt 

Birds ind 
hotoperiod (after 24 hr. of light) were a ximately 
Pahis the value of dark-treated individuals of 
O. mexicanus, P. domestious and Z. leucophrys 
(Table 1), but were unchanged in G. domesticus. A 
high concentration of seram urio acid was found m 
L. californica when, forced to fly during the light 
period.. The behaviour of the birds during the light 
period suggested at least three factors as possible 
causes of the increase in urio acid: (1) temporary 
dehydration ; (2) light; (3) activity. These factors 
were tested singly or in combination (Fig. 1) on a 
single species, P. domesitovs. Measurements made 
at the end of the dark period on birds deprived of 
water for the 24 hr. showed no significant 
differences from birds which had water available. 
White light does not appear to be the major cause of 
elevated uric acid levels during the light period since 
values from birds forved to hop in the light were 
among the lowest obtained. We assume that the 
high values obtained from birds hopping in the dark 
were caused by their increased activity due to dis- 
orientation while being forced to remain active in the 
dark. The rotation of their cylindrical cage caused 
some fluttering which was not seen under similar 
conditions in the light. Birds forced to fly in the dark 
showed an inarease of 3-5 times the mean values of 
serum uric acid measured at the end of the dark 
period. The birds frequently flew in their cages 
during light periods. Thus, it appears that the 
activity amsociated with flight is the primary factor 
in the production of diurnal fluctuations in levels of 
serum uric acid. 

The underlying mechanism for the elevated serum 
urio acid is unknown. There is the possibility of an 


valvular mechanism which could function as a 
shunt has been found in 24 es of birds including 
both Passer domestious and domestious*. Thus 
there is also the lity that through the action 
of a renal portal shunt the pettern and volume of 
blood flow to the kidney are altered during flight and 
this, together with any increased production of nitro- 
genous waste, causes the increase in circulating uric 
acid. 

Jaor W. Hupson 
University of California, 


Los Angeles. 
CHarnims R. TAYLOR 
Occidental College, 

Loe Angeles. a 
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_ Absorption-Elution Grouping of Dried 
Blood-stains on Fabrics 


Taa principle of abeorption-elntion grouping in the 

system using dried blood smears on microscope 
This communica- 
tion is to show that a similar procedure can 
be adopted with blood-stams on fabrics. I have 
used several variations of the method; but that 


Which is most consistently satisfactory 1 dogoribed 


A fragments of the blood-stained cloth to be 
examined is cut out with an unstamed cloth control, 
together m. one piece of fabric. A convenient size 
will yield about 10 mm.' of blood-stain and a similar 
aroa of unstained cloth. The fabric is plunged into 
boilmg Mollvaine buffer (pH 7-4) for 30 seo. then 
rermovod and placed in the antiserum for absorption. 
Several fragments can be absorbed together in the 
same antiserum. 

Next the cloth is allowod to absorb antibody for 
2 hr., then removed and washed three times in saline 
. These separate fragments (each about 
ee ia ee a ee 
slides (12 mm. diameter wells) and covered by 
Se erora evant, BO uL) pf a par oat Se 

ion. The slide is then removed to a moist 
rears pera C. for 5 min. On removal from 
the moist chamber the slide is rotated vigorously, 
the fabric to one side of the well and the cells 
then allowed to stand for 15 min. at room temperature 
before rotating and roading. Agglutination intensi- 
ties can be increased by cerrying out the final 30 min. 
of the absorption period at 5° C., and washing in 
saline at the same temperature 

Results generally parallel thoee described before}, 
but most of my experience in the present work has 
been with anti-A and anti-B antisera only. My 
experience of this technique shows that the manipula- 
tion involved is only a small fraction of that in using 
classical -mhibition methods and further 
that it is a technique which the untrained worker can 
master very quickly. Pointe to observo during the 
use of this technique are : 

(1) When fixing, keep the buffer just under boiling 
point, otherwise with small ta of fabric the 
weeve is broken up. (2) When fixing and absorbing 
several stains together either label wiih water- 
insoluble ink or rely on the different shapes of the 
stains used. With very small stains this latter may 
be tho only practical method although different 
fabric colours often renders labeling unnecessary. 
(3) Wash well with saline st room temperature. The 
whole technique on, efficient removal of 
uncombined (4) Efficient elution and 
agglutination depend on transferring as much anti- 
body from stain to cells as possible. Do not allow the 
cells to settle before eluting. (5) A convenient warm 
chamber is made from an inverted Petri dish holding 
& wet fitter paper in the upper part. This is held at 
50-55° C. in an incubator. With the small volume 
of cell suspension used the atmosphere must be 
saturated with water va . (6) The size of blood- 
stained fragment and control used will vary 
with many factors, including the amount available, 
the of the operator and the number of 
antisera employed. “As a guide, however, a convenient 
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sizo of fabric fragment for each slide well s 5 mm. x 


2 mm. 
8. 8. Kind 


Home Office Forensic Science Laboratory, 
32 Rutland Drive, 
Harrogate. 
‘Kind, 8. 8., Yature, 188, 897 (1000). 


Non-specific Hamagglutinin from 
Cellulose and Cellulose lon Exchanger 


In our work on the fractionation of ether-treated 
mfluenza viruses by chromatography on DHAR- 
columns (N,N-diethylaminoethyloelluloge)! it was 
found that samples of cellulose exchangers released 
different amounts of non ifo hemagglutinin 
which has to be removed thorough washıng 
(refa. 1 and 2 and MoCrea, J. F., personal communica- 
tion). We have found similar non ifio hemag- 
giutinins in batches of normal ulose, CAM- 
cellulose and EOTEOLA-ellulose (Schleicher and 


With reference to the increasing importance of the 
coltuloge ion exchangers, for example, for fractions- 
tion of hemagglutinating agente!*, it seems to be 
useful to know, and to exclude, this hemagglutinin. 

The dialytic behaviour of the non-specific hemag- 
glutinin from DBAH-cellulose mdicates a high mole- 
cular weight. The agglutinin waa shown to be heet- 
rosistant (4 hr. 100° 0.), not susceptible to the 
receptor-destroying-enzyme, lysozyme, and trypsin, 
susceptible to sodium periodate, acid and alkali 
hydrokyses 

Furthermore it is able to utinate red cells of 
different species, for example, rabbit, mouse, chicken, 
and guinea pig ; also human red cells without respect 
to the blood-group antigens A,, Ay, AB and O. 

Tho agglutinin titre proved to be at pH 
7°2—7-8. The fixation of the hemagglutmin to the 
red cell surface appears to be firm, as proved by 
hemolysis on elution. It may be assumed that the 
agglutinin is a pan-agglutinin and that it belongs to 
the group of polysaccharides, which is further 
indicated by ita susceptibility to sodium periodate 
and by a positive Molisch reaction. 

B. Somat 
EK. QROSSGEBAUNE 
D. Harmrann 


Institut fur Hygiene und Medizinische Mikrobiologie 
der Freien Universitat, 
Berlin. 
1 8ehmidt, B 


Hartmann, D., and Gromgobauar, K., Arek. ges. Virus 
forechg. (in the press). 


*MoOrea, J. F., and O’Loughlm, J., Vfrol., 8, 127 (1959). 
* Prager, M. D., and Speer, B J, Proo, Soe. Bay. Biol. Mod., 100, 68 


The Rh Factor C in South African Bantu 


ForLowmG the recens work of Sturgeon s al.t on 
a variant of Rh antigen C common in N 
Allen and Tippett? on factor G, Wiener and Unger* on 
the complexities of D and Rosenfield and Habert on 
Bh factor Ce, we considered it timely to undertake a 
re-appraisal of the Rh factor O in South African 
Bantu. It was planned to test a series of type Ode 
Bantu blood donors with a variety of anti-C and anti- 
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CD sera in order to Investigate the nature of C and 
tho possible incidence of Allen’s G factor. The 
material consisted of Bantu donors bled durmg 1959, 
end, in order to study antibody formation, a saries 
of D-negative Bantu antenatal patientes was also 
included. In tho preliminary stages we roferred e 
number of specimens to Dr. A. E. Mourant for h:o 
opinion and we sro grateful to him not only for 
investigating these specimens but aleo for putting us 
in touch with Dr. Philip Sturgeon of Los Angeles, 
who sent us a copy of his paper on the O variant m 
Negroes and a hitherto ampublidied paper extendmg 
his original studies ; he also gave us a supply of his 
key serum anti-O%, which we were able to use for the 
last flve months of the mvestigation. 

The specimens were obtained from healthy male 
and female Bantu donors and ante-natal cases. We 
screen all specimens in tubes with two anti-D sera, 
one oomplete and one incomplete. Negatively 
reacting specimens ere tested further with from two 
to four additional anti-D sera, after which a check 
for D variants is carried out by the use of two or 
three Incomplete sera and the indirect antiglobulin 
technique. The D negatives are screened with salino 
anti-CD and anti-H sera. Those ing with enti- 
OD were tested with a panel of anti-O and anti-CD 
sera and a small series with anti-Cw. The last 64 
Cde donors were also tested wrth Sturgeon’s 

A total of 10,178 Bantu blood donors was investi- 
gated of whom 488 roved to be D-negative, and of | 
these 98 gave positive reactions with saline ° 
anti-CD sera. On further testing all 98 specimens 
gave strongly positive reactions with panels of saline 
anti-O + D sera and sera which contained salino 
enti-O + albumin anti-D; vanable results were 
obtained with salme anti-C, two giving negative 
one eee ee ore 
tives. No positive resulta were obtamed with anti 
Cw. The really significant fmding was that not one 
of the 64 Cde donors reacted with anti-C® serum 
although controls on Europeans gave positive results 
This is m agreement with Sturgeon’s findings on 
Nogroes. In order to find out whether there was an 
emsigenio difference between the O of Ode persons 
and the O of CDe persons, 100 consecutive Rh D- 
positive Bantu donors were tested for the O antigen ; 
16 typo CDe wore found and of these 1 gave a posrtive 
reaction with anti-ON and also strongly positive 
reactions with the panel of test sera as in the case of 

controls, but those negative with anti-ON 
beheved as the Bantu Cde type, and it would seem 
thet the Bantu CDe group consiste of two typos of C, 
& vory small minority conforming to the Oaucasian 
type and the great majority belonging to Sturgeon’s 
Negro variant. One is tempted to speculate thaf the 
fiftean anti-ON negatives belonged to the genotype 
C®2de/oDe, while the one anti-C™ positive was of 
tho type CDe/cde and, furthermore, that O is a 
characteristic of Caucasians and not of Bantu. 

Ps 865 consecutive ante-natel D negative cases, 

ve strong reactions with anti-CD sera and 30 

MA tat Ga GON ae all E, Of 
$ D-negative sensitized Bantu females with Rh 
antibodies, 5 belonged to the ‘Negro’ type Cde; 
two of these have not yet been delivered, in two 
capes the babies required exchange transfusion, and 
the fifth case was a patient n the country whose baby 
was severely jaundiced. 

In summary, our findings show that of 858 con- 
secutive Bantu D-negative persons, 148 belonged to 
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the type Cde and none to type od E. This is in keeping 
with the results reported by Zoutendyk* on the Rh 
types of 800 Bantu. In every case the C resembled 
Sturgeon’s Negro variant in their reactions with saline 
anti-C sera and in the 94 cases tested with anti-O". 
Tt was also found that of 50 type oDe tested, none 
reacted with anti-O%. 

The Rh mosaic has become so confused and com- 
plex during the pest two years that at present the 
interpretation of our results can be tive. 
They show that the C factor of type Cde and 
most type CDe-Bantu is antigenically different from 
Caucasian, O and one may be able to classify type 
CDe Banta into genotyper CdelaDe and. either 
OS De/joDo ar OX De/ode to the reactions 
obtained with anti-C and anti sera. Sturgeon’, 
Re papal fuse et cis slovoed sete oe ae 
American Academy of Forensic Sciences, 1959, has 
presented evidence that his amti-O¥ and the anti-Oe 
of Rosenfield and Haber are essentially identical 
reagents, and he suggesta the le interpretation 
that OS, oY, C2 and G may be different expressions of 

(0; 


E hatever the ultimate theoretical significance may 
be, the immediate practical applications of our 
findings are obviously i . Testa on Bantu 
donors should include ‘the use of saline anti-CD sera, 
and in medico-legal work, for 


South African Institute for 
Medical Research, 
Johannesburg. 
18 P. B., Wintler; O., and Proc. Seventh 
e Ges. Da ranet + 309 Ciao a). 
1 Aten, jun., F. H., and Tippett, P. A, Vas Sang., 3, 221 (1058). 
"Wiens, A Bu and Unger, L. J., J. Amer, Mod. Assoc., 189, 606 
‘Bormida, B: R; and. Haber, G: Vo , Amer. J. Hum. Gonet., 10, 474 


*Zoutendyk, A., S. Afr. J. Med. Sci., 18, 167 (1047). 
“Sturgeon, P., J. Forensio Soi., 8, 287 (1000). 


Effect of Heat on the Serum Factors 
Gm*, Gmt, Gm* and Gm-like 


GRUBB! reported that Rh-positive red blood cells 
coated with an moomplete anti-D serum could be 
causéd to agglutinate by serum from some patients 
with rheumatoid arthritis. He showed also that 
serum from some healthy patients could imactivate 
the rheumatoid arthritis serum when mixed with it, 
zo that sensitized red blood cella would not be caused 
to agglutinate. 

Grubb and Laurell! showed. that the presence of the 
inhibitor in normal serum is due to a dominant gene 
(Gm*). Those with the factor are called Gm (a 4-) and 
those without it are called Gm (a —). Grubb and 
Laurell reported also that Gm (a +) sera did not lose 
their ability to inhibit after exposure to 68° O. for 
25 min. but that the rheumatoid arthritis sera were 
inactivated by such treatment. 

Wo have attempted to repeat Grubb and Laurell’ 
experiments on Gm and to extend them to the other. 
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Table 1. i anne OF EEBASING APES O., TWHE VISI8LE ACGREGATES 
AXE FORMED, ON am Ga Facts OF NOMAL BERA 
Cea as 
on after heating 
Factor Number Reaction after aaea Th or 1/8 
heated heating neat 
Gms 12 18 Gm (a+) oer ‘at 
Qm» 12 12 Gm R 18 Gm (b+ 
Gm 12 12 Gm (x+ 12 Gm (x+ 
Gorlike 9 3 Gm- {—} 8 -) 
1 Gm-like (4+)* 
B. Gm (—) sore 
Gm* 12 12 Gm (a+ 12 Gm (a-— 
Gm” 10 10 Gm (b—- 10 Gm (b— 
Gm1 18 16 Gm (x+ 16 Gm (x— 
Qm-Hke 12 12 Qm-hke (—) 12 (-} 
* Heated for 30 min. 


known Gm factors, Gmb (Harboe*), Gm* (Harboe 
and Lundevall‘), and Gm-like (Steinberg, Giles and 
Stauffer’). 

All Gm teste were made by the slide technique, 
described by Harboe and Lundevall‘, using rheuma- 
toid arthritis serum (Bomb.) with anti-D (Ham.) to 
test for Gmb, and with anti-D (Warren) to test for Gm- 
like ; and rheumatoid arthritis serum (Bowers) with 
anti-D (Kimb.) to test for Gma, and with anti-D 
(Ham.) to test for Qm? (Steinberg, Gilea and Stauffer*). 

We found that undiluted rheumatoid arthritis sera 
were inactivated and that undiluted Gm (a +) sera 
were unaffected heating to 63° C. for 30 min., 
as Grubb and Laurell had We found, too, 
that ing these sera 1/2 or 1/8 with saline did not 
effect their response to treatment with heet. 

Tests with Gm (b +) and Gm (x Be apar 
that they also remained when heated neat 
or diluted in saline. Gm-like (+) sera, on the other 
hand, became Gm-like (—) and this also was inde- 
pendent of whether the sera were heated neat or 
diluted in saline. We emphase, in the light of results 
to be reported below, that dilution with saline does 
not affect the above reactions. 

Gm (a —) and Gm (x —) sera become Gm (a +) 
and Gm (x +), aarti hs when. heated neat, but 
remain hen heated diluted in saline. 
We have h ae ee 1/2 in saline 
for 3 hr. at 63° C. without any change in ita Gm type. 
Se ee ee 

on heating. The resulta are pre- 
sented in Table 1. Table 2 shows an example of the 
protocols of the titration of two Gm (a+), two 
Gm (a —) sera, and a heated Gm (a —) serum. 

The from Gm (a —) to Gm (a +) or from 
Gm (x —) to Gm (x +) has not been observed in sera 
heated for leas than 15 min. Furthermore, we have 
noted these changes only when visible aggregates 
have formed during heating, or on dilution in saline 
after heating. We have noted, also, that there is a 
alight positive correlation between, the length of time 
required to form these aggregates and the of 
time the serum has been stored at — 20° O. the 
two sera which ee 
and from Gm (x —) to Gm (x +) only after heating 
for 60 min. at 68° C., one had been stored for two 
months and the other for one year. Norther serum 
developed visible aggregates when heated for 30 min. 
but each did so when heated for 60 min. Other sera 


Table 2. Trrzamiow oF Two eS ee ee 
HEATAD Gx (4—) SUN 


Beum Gm* iji 1/16 mee 1/128 Seare 
t3 0 k 6 0 0 ++ 2 
3-0 +0 0 0 + -++ ++++ 6 
H — 0 +++ +++ $44 F4+44+ 4444+ 17 
Ba -0 0 ++ +++ +++ ++++ H1 
(heated) 0 0 0. 0 0 +++ 3 
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Table 3. Hkiwrins or ram Errect or Hust (63°C. UNTIL VIEIBLE 
AGGREGATES FORN) ON THE GM CHARACTER, OF INDIVIDUALS WITH 

Duorurarr Gu Factors* 
Gm factors 

Individual e b = hke 
8-1 unheated ~ + = = 
heated + + + = 
8-6 unheated + + = + 
heated +; + + co 
8-8 unheated + + = = 
heated + + + = 
8-14 unhae ted + — — — 
heated + - + - 
* The only other Gm phenotypes we have observed are Gm (a-+b+ 
zike- ana Gm aF D— E lies), but thaw do to res 


stored satiate long, however, did change after $ hr. of 
heating. Attempts to make this observation quantite- 
tive, and to analyse the nature of the change in thé 
serum with storage, are planned for the future. 

The explanation of the changes in Gma, Gm= and 
Gm-like reactivity recorded above is not obvious. 
Grubb’ reported that the Gma factor in normal 
serum is y-globulin. -y-Globulin has been shown to be 
composed of at least two major promary components, 
one with a sedimentation-rate of 7 S and a second with 
a sedimentation-rate of 19 9 '. Dr. Hugh Fudenborg 
(personal communication) reporta that ultracentri- 
fugation teste show that all four Gm factors of normal 
serum are located in the 7 S y-globulin and that the 
19 S component 1s inactive. Heat is known to 
aggregate y-globulin’, Hence, after heating it would 
be expected that there would be a reduction of the 
amount of 7 S y-globulin and probably a comparable 
reduction in Gm activity. It is surprising, therefore, 
that only one factor (GQm-like) becomes negative on 
heating and that Gm (a —) and Gm (x —) become 
positive on heating. It is unhkely that the latter 
change 15 due to a non-specific mteraction of the 
aggregates with the rheumatoid arthritis serum, of 
the sort by Franklin ¢ al.*, because of the 
failure of Gmb to chango oi as because of the change of 
Gm-hke (+) to Gm 

Ais chs ee EO se inal oa hs bens of 
antigens competing for the surface of a molecule as 
has been reported, for example, in Paramecium’, 
because oe are not influenced by the other Gm 
factors present (Table 8). We hope to be able to 
submit the aggregated protem to analysis in the 
ultra- i : 

The different responses of the factors to heat 
indicate that while they may all be associated with 
the 7S component of y-globulin, the molecules for 
the factors are qualitatively different. At least three 
molecules or active sites must exist, one for Gma 
and Gm*, one for Gmb, and one for Gm-like. 

Among white individuals three alleles exist at the 
Gm locus, Gms, Gm™ and Gm? (Grubb and Laurell’, 
Harboe? and Harboe and Lundevall). These three 
alleles seem. to determine two qualitatively different 
molecules as judged by ther reactions to temperature, 
one for Gmb, and one for Gm* and Gm1. Among 
Negroes there appears to be an allele Gm® (Steinberg, 
Stauffer and Boyer!) and an allele or a seperate 
gene, Gm-hke*. It is interesting that Gm (b +) 
- in the Negro as determined by the allele Gm® is 
stable while Gm-like (+) which appears to be 
‘serologically’ related to Gmb (Sylvia Lawler, per- 
sonal communication, and unpublished resulta of 
the authors) is not. The rare Gm (a —) sera from 
Negroes become Gm (a+) on heating while the 
similarly rare Gm (b —) sera from Negroes do not 
change. This ia to be expected because these factors 
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are probably determined by “genes from white 
ancestors. 
ARTHUR G. STEnTBERG 
RACHEL STAUFFER 
Department of Biology, 
Western. Reserve University, 
Oleveland, Ohio. March 21. 
1 Grubb, E., Aes Path, Microbiol. Soand., 39, 195 (1056). 
d Grubb, R., and Laurel, À. B., Ada Paik. Murobiol. Scand., 98, 300 
* Harboe, W., dota Paik. Microbiol. Seend., 47, 191 (1959). 
‘ Harbo, M., and Lundevall, J., Aas Path, Hisrobioi, Scand., 45, 357 


* Stenberg, A. G., Giles, Brenda Dewi, and Stauffer, Rachel, Amer. 
J. Human Genat., 44 (1060). 


* Grubb, BR., Ada Herat, 9, 246 (1058). 
1 Muller- H. J., Kunkel, H. G., and Franklm, H. 0, Pros. 
Es» N.F., a oan, 
* Frankin, H Holman, H uler-Eberhard, H. J., and Kunkel, 
H. G., Te a Te ne treet 


’ Sonneborn, T. aL, Pros. U.S. Wat. Acad. Soi , 3A, 413 (1048). 
1 Bstnbani, A. G., Stauffer, Baobel, and Boyer, 8., Natwre (in the 
proes). 


PATHOLOGY 


Inhibition of Aerobic Glycolysis in 
Yoshida Ascites Hepatoma by Tartronic 
Acid 

Tue imbibition of lactio dehydrogenase should 
allow a blockmg of aerobic glycolyms of neoplastic 
cells, thus deprivmg them of a high percentage of, 
adenosine triphosphate without damaging the normal” 
salle which. tn scuditiens of normal functional activity 
and sufficient oxygen supply, do not need this 
enzyme!. to this premise, the action of 

tartronic acid, which is a lactic dehy 
inhibitor3?, on the growth of Yoshids’s asortes 
hepatoma and Ehrlich’s ascites tumour was studied!. 

The present experimenta were carried out to 
ascertain, what are the tartronic acid concentrations 
needed to attain +n vitro a significant mhibition of 
aerobic glycolysis of the intact cells of Yoshida’s 
ascites hepatoma. Experiments were also ormed. 
to ascertain parabanic acid, ich is & 
strong lactic dehydrogenase mhibitor of Bacterium 
col’, also inhibits aerobic glycolysis of the same 
tumour. 


Each ent was cerried out as follows: 
3 flasks (L, IL OI) were used, each ining 1 ml. 
of phosphate buffer sohrtion (pH 7:4). In flasks I 


IL 0-5 ml. of saline contaming 1 
glucose was added. Tn faak TIL wee added 0-8 cal 
of the same solution containing also the acid under 
test, neutralized with sodium hydroxide. The phos- 
phate buffer solution had been obtained by mpong 
43 volumes of 0-154 M disodium hydrogen phosphate © 
with 10 volumes of 0-154 M sodium dihydrogen 
Phosphate. After having brought the contente of 
the daai up to 87°, to each one was added 0-5 ml. 
ascitic fluid which had been withdrawn mmedistely 
before from a rat having borne ascrtes hepatoma 
for 7-8 days. Lactic acid concentration was measured 
in the contenta of one of the two flasks (I) without 
the acid under test, immediately after addition of 
ascitic fluid ; the same determination in the contents 
of the other two flaake (II and III) was made after 
l hr., during which the flasks were uninterruptedly 
shaken ab 37° in air. Thus the amounts of lactic 
acid formed with and without the substance under 
test were assessed. At the end of the experiment 
care was taken to check the pH of the contents of 


No. 4739 August 27, 1960 


the flasks (II and U1) to make sure it had not been 
modified. For the determination of lactic acid, 
0-5 ml. of the contents was removed and poured 
into 8 ml. of 9 per cent trichloracetio acid solution. 
After centrifugation the lactic acid content of the 
supernatant 0-5 ml. was determined by the method 
of Barker and Summerson‘, taking precautions as 
suggested by Le Page’. 

It had been established in previous experiments 
that neither tartronic nor parabanio acid, which may 
be present in the sample tested for lactic acid de- 
termimation, interferes with Barker and Summerson’s 
method. 

Tartronio acid employed for these experiments was 
synthesized in the Institute of Organic 
University of Bologna, according to Bak’s method‘ 
(m.p., 154-156°). Parabanic acid was supplied by the 
Nutritional Biochemicals Corporation, Cleveland 
(m.p., 207°). 


TakTEonIO AQID 
mn. of ernie in 
Concentration of hr. by 0-5 mL asocttioc Inhibition 
tartronio acid Withou (per oni) 
when present tartronis acid tartronw acid 
107° M 1,856 1,428 23 
ve 612 435 29 
; 816 585 28 
1,115 816 27 
valnes 
ua 1,100 816 26 
2x10? 1,304 972 30 
a 1,244 830 3 
1,244 7638 38 
b ” 979 619 37 
Mean values 
a 1,515 707 H 
B x10 M 1,856 836 55 
yi 062 380 0R 
i Je z i 
Fa afean values 
” 1,146 481 B8 
Pamapawio AoD 
man. of lactlo acid formed in 
Gonoentratson of hr. by 0 5 mL ascito fuid Inhibition 
add Without With (per oent) 
present paraban acid parabonwacid 
107 M 1,902 1,80 | — 
925 925 — 
2 x [0M 1,074 1,158 = 
i 864 O11. ~ 
5 x lo ar 1,217 1,512 — 
1,020 1,080 — 


Results are given in Table 1. It ap that while 
the amounts of lactic acid ae are subject to 
considerable variationg from one priate to 
another, comparison of the lactic acid produced in 
each single experiment by the same ascitic fluid with 
and without tartronio acid shows a constant ratio. 
Variations in the production of lactic acid from one 
experiment to another are in alose relationship, as 
a a a T a e Mir 
the amount of neoplastic cells in the asoitio flmd, 
which is greatly from animal to animal. 

The present experiments show that concentrations 
of 107 M, 2 x 10° M and 5 x 10 M inhibit the 
aerobic glycolysis of Yoshida’s ascites toma at 
a rate of 26, 34 and 58 per oent, . On the 
contrary, acid, even at a concentration of 
5 x 10> M, has no inhibitory action on the serobic 
glycolysis of this tumour. 

Further experiments will be carried out to asoer- 
tain what concentrations of tartronic acid can be 
attained in vivo. Of interest in this connexion is the 
observation’ that tartronic asid is not transformed 
by animal tiasues, and that 15 hr. after intramuscular 
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administration of 40 mgm. tartronic acid in the rat, 
only 27 per cent is found in the urine. 
L. FIuwe 

Institute of General Pathology, 

University of Bologna. g 
1 Fiume, L., Boll. Soo, Ital. Biol. Sper., 34, 434 (1988). 
3 Quastel, J. H., and Wooldridge, W. B., Biochem. J., 28, 0399 (1928). 
’ , and Reggiantnt, O., Boll. Soo, Ital. Brol. Sper., 38, 234 
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”, edit. by Umbreit, 


Sle “}ianometrie Techniques”, 
we Barla, B Hs and Stanffer, J. F., 104 (Burgess, Minne- 


* Bak, B., EB. Ann: Chem 537, 236 (1989). 
1 Rieben, W. and Hastings, A. B., Helection Phynol. of Pharmacol. 
be a Oe 52 (1046). 


The Ouchterlony Technique using Antigen 
or Antiserum labelled with lodine-131 


Ta Ouchterlony agar plete technique’ haa been 
used a great deal for the analysis of ant: y antigen 
systems, but it was not until recently that it wes used 
quantitatively*. An autoradiographic ager plate 
technique employing radioactive proteins has 
described by Perlmann and Hultin? for the demon- 
stration of protems in complex systems, but their 
method was not in any way quantitative. 

A quantitative method employmg either antigen 
or antiserum labelled with iodine-131, cellulose 
acetate paper, and autoradiography has recently 
been found useful for certain purposes in our labora- 


ie a2 oasis EE E Capes doug sella tile 
diffusion medium. 4 ml of 2 per cent agar was 
distributed in a thin layer (about 1 mm. thick) on a 
glass slide. The antigen and antiserum were placed 
in small holes in the agar opposite each other, and the 
slide was left to stand in a moist atmosphere for some 
days. Free antigen and antibody were washed out 
by immersing the slide in saline containing merthio- 
late for 1-2 days. It was then dried and placed m 
contact with an X-ray film for a few days. The 
distribution of bands of radioactive antibody- 
antigen ipitate could clearly be seen on the 
ddveloped. Sins. Afterwards it was found more 
convenient +o use cellulose acetate paper instead 


-of agar as diffusion medium (suggested by Kohn, 


The details of the 
or disks of ‘Oxoid’ 


J., personal communication). 
procedure are as follows : 
celluloge acetate ge a (‘Oxoid’ membrane filter 
strips and disks obtained from Messrs. Oxo, Ltd. 
(Med. Dept.), 16 Southwark Bridge Road, London) 
ya asd le aia ae cians rian E 
eee tie ie Soa 
the antigen solution and antiserum are to 
bee For example, in the case illustrated in 
Fig. 1, a row of 8 dots about 1 am. apart was made 
for the antigen and another parallel row, with the 
same specing, was made for the antiserum 0-8 om. 
from the antigen row. The is ‘floated’ on phos- 
phate buffer pH 7-6 so that liquid soaks in of 
its own accord. It is then taken out and ‘blotted’ 
on, filter paper. The antigen and antiserum solutions 
are then applied to the appropriate spots im I-pl. 
quantities with a micro-constriction pi . Hither 
the antigen or the antiserum is Ja with iodine- 
181. As soon as all the solutions have been applied 
the ip is placed in oil ‘Whitemor 120" (kindly 
supplied by the Manchester Oil Refinery (Belee), 
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Fa. 2, imin abated is the reaction between human serum 
iodine i with diIntons of rabbit ant- 


dilntzons 

You dion, and, 1/198 ditto 
Ltd., 76 Jermyn Street, London, 8.W.1) for 24 
hr. (Kohn, J., personal communication), after which 
it is removed, quickly rinsed in ether, and put mto 
phosphate buffer, pH 7-6, for 2-4 hr. After the 
strip hes beon ellowed to dry completely between 
Re atten ay aed el Aachen ag 
with an X-ray film ( ) in complete darkness 
a a Aa A ing on the 
specific ectivity and quantity of the material labelled 
with iodine-131. The film is developed by the usual 


procedure. 

Figs. 1 and 2 show typical pictures obtained when 
a constant amount (0-5 ugm./ul.) of humen serum 
albumin lebelled wrth iodmo-131 was epplied to strips 
or disks of cellulose acetate and tested against twofold 
and fourfold dilutions of rabbit anti-human albumin 


serum. The last dilution of antiserum to give a 
detectable precipitate in Fig. 1 contamed about 
1 pgm. an nitrogen /ml. 


Similer results were obtained when rebbit y-globulin 
against human albumin wag labelled with iodme-181 
(according to the technique of McFarlane‘) and tested 
against unlabelled human serum. 

The advanteges of this procedure are sensitivity 
and that it requires only very small amounte of 
antiserum and antigan. 

Joan M. Raopme 


Tuberculosis Immunization Research Centre, 
c/o Statens Seruminstitut, 
-Copenhagen. 
2 Ouohteriony, O., dale Path. Mtiorodicl. Soand., 23, 186 (1948). 
1 Wright, 8. T. O., Nature, 183, 128% (1050). 
? Perimann, P., and Hulin, T., Waters, 198, 1530 (1058). 
t WeParlane, A. B., Nature, 188, 58 (1958). 
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Pathogenicity of Metarrhizium anisopliae 
(Metch.) Sor. and Beauverla bassiana (Bals.) 
Vuill. to Two Species of Elateridae 


Dugna 1950-59 numerous elaterid eggs » larves, 
pups and adulta died and became ‘mouldy. in in rearing 
or storage at the Saskatoon Research Station. Seven 
fungi were isolated from such specimens in 1959. In 
initial screening trials, only two of these, Metarrhizium 
anwoplias isolated from a larva, and Beauveria 
bassiana from an adult of Hypo lithus bicolor Eech., 
increased the rate of shartality of of this elaterid and of 
Otenécera asripennss destructor (Brown). These fungi 
have not been recorded previously from H. bicolor, 
and Beauveria has not been recorded from O. a. 
destructor. It was of interest, therefore, to determine 
whether they are primary pathogens of these elaterids. 





Thne (days) 


bioolor edt) and Otexsioors 
soul mfested with Afeterrkisium 
anrsopiios (~~ ~~), and not infested (———) 


The mortality of H 
destructor 


Larvae that were in, or near, the last instar and 
female adults were: collected in the fleld and stored at 
5° C. For the teste, the larvæ were placed in soil in 
individual salve boxes, and the adults on aften 
paper in plastic boxes, five of each 
Die eee ermani i tis (angi by OOR tibet ne 
Be eat T een pera POE ayn a Eas 





0 50 = 100 
Time (days 

2. The mortahty of H bicolor lary» tn soll infested 

Th e dees ms h infested. Sit Deevtena 


basisna (0000), and not infested ( 





No. 4739 August 27, 1960 





Time (days) 
3. The mortality of female adults of Hypottikus bicolor , 
DA enire destructor, inoculated with M 
rh erip » Beauveris basriana (0 0 o 0), and uninooulatod 


the adults directly with aqueous suspensions of spores. 
The suspensions were prepared fram cultures of the 
fungi on a glucose—nitrate agar medium. Generally in 
a test the numbers of lary or adults of & species were 
10 in the control and 20 in the treated series. The 
insects were kept at 20° O. during the teste. 

As shown in Fig. 1, Meiarrhisium moreased the 
rate of mortality of the larve of the two elaterid 
species, but the larvæ of O. a. destructor appeared 
more resistant to it than were those of H. bicolor. 
Beawerta increased the rate of mortality of H. 
bicolor (Fig. 2). In an mitial screening test it did not 
emorease the incidence of mortality among larval 
populations of O. a. destructor. Both fungi increased 
the rate of mortality of the adults of the two elaterid 
species,- which appeared about equally tible 
(Fig. 3). Beauveria was leas virulent than Metar- 
rhigium to the larval (Fig. 2) and adult (Fig. 3) stages 
of the elaterids. The respective fungi were re-isolated, 
even after surface disinfection, from the majority of 
larve and adults that died in the treated series. The 
fungi were not obtained from the dead insects of the 
contro] series. The results therefore indicate that the 
two fungi are primary pathogens of one or more 
stages of H. bicolor and O. a. destructor. 

Mtarrhiaium anisopiias and B. bassiana have been 
reported from other elaterid species!-*, but tests 
indicated that they were generally only mildly 
virnient'4,5. It is in Ing to note, therefore, that 
these fungi are highly virulent to some stages of the 
two most oornmon elaterid species in Saskatchewan, 
and that they differ in virulence to species and to 
stages within a species. Further work is in progress 
to, determine the nature and extent of these differ- 
ences. 

We are indebted to Dr. D. M. Mactecd for antem. 
ing the species identification of the fungi. 


R. D. Tova 
R. Y. ZAOBARUX 


Canada Department of AEPS 
Saskatoon, 
Saskatchewan. 


A, J. Agrio. Res., 41, 571 (1980). 
A Thomas, O . å, Enismol. Nowe, 43,140 (1982). 


s U8. A Bur. Pl. Ind. Insect Pax 
OS OBS Dept. Agr., Sursey Buli., 


‘Rookwood, L. P., Asm. Mutomol. Soc, Amer., 48, 495 (1950). 
* Foz, O. J. B., and Jaques, E. P,, Oen. Entomologist, 90, 314 (1058). 
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A Rapid Method for studying Tumour Blood 
Supply using Lissamine Green 


Goldacre and Sylvén! have described a method for 
making visible those regions of solid malignant 


. tumours supplied with flowing blood. They used a 


high blood concentration of the triphenylmethane 
dye, liæamine green (Gurr), which turned the whole 
animal green except where there were barriers. 

Ten to twelve days following the transplantation of 
sarcoma 387, mammary ocaranoms and Erhlich 
Landechutz tumours in mice and Walker sarcoma in 
rate it was observed that vascular obstruction 
occurred, confining the flowing blood to a thin surface 
layer of the tumour. Tumours measuring 1-3 cm. 
across had a white centre and a green periphery. The 
dye does not penetrate the living cell membrane but 
the surrounding tissues become green due to the green 
blood in them and the green interstitial fluid derived 
from the blood. Extensive regions not supplied with 
flowing blood but with a thin oosting layer supplied 
with blood were also found in various large spontane- 
ous and methylcholanthrene-mduced tumours of 
rodents. Cells dissected out from the non-caloured 
tumour region were found to be dead except when 
within about 800. from the green region, where 
mixtures of living and dead cells were found. 

As an extension of this work, lisamine green 2 par 
cent solution in Ringer's solution is being used to 
study the blood supply in spontaneous tumours 
occurring in the dog and cat. Preliminary experi 
ments with rate and mioe, ne 1 wal inte the 
tail vein in mice and 8 ml. in rets, confirmed that the 
whole animal turned green exoept for the brain and 
the spinal cord, the interior of the eye, the material 
on the fotal side of the placenta, and to a large 
extent the testis, ovary and mammary gland. 
Essentially the same picture bas been found after 
intravenous injection of the dye in the guinea pig, 
cat and dog. Smaller quantities of the dye—2-4 ml. 
per kgm. body-weight—have been used m dogs and 
cate. This does not appear to be toxio, as one normal 
dog showed no ill effecte and the green colour had 
disappeared within 48 hr. Postmortem examination 
of the injected dogs showed the testicles to be green, 
though paler than in many other tissues. Using this 
lower concentration of dye in the blood stream, the 
hver and lungs retained some of their original colour. 
The pituitary and meninges were green but no green. 
colour crossed to the brain. An area of hemorrhage 
and necrosis in a cerebral hemisphere of one dog 
remained free from green coloration. 

Three cate and five dogs affected with spontaneous 
tumours were anssthetized with sodium pentobarbi- 
tone and injected intravenously with 2 per cent 
liasamine green in Ringer’s solution. 8-5 min. later 
a lethal dose of sodium pentobarbitone was given 
intravenously and postmortem examination carried 
out. Table 1 shows the tumours studied and the 
resulta. There was complete or almost complete 
distribution of lissamine green throughout the tumour 
tissus in ‘squamous cell carcinomas in cate. A similar 
picture occurred in a lipoma in a dog and in all mete- 
stases lees than 1 cm. across in the lungs and kidney 
arising from an osteo-sarcoma of the humerus in a 
dog. The distribution of lisamine green in other 
oases showed that some vascular obstruction occurred. 
near junctions of viable and necrotic tumour tissue. 
Thus im the large (14 om. diameter) csteo-sarcoma 
of the humerus there was a diffuse grean. distribution 
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Tumour Looa tion Primary Secondary | Green Not green Remarks 
8 r cell oaromoma.! Larynx Fow scattered small white areas 
1 mm. across 
8uab 
lymph node | 
Mie 
cell carcinoma.) Pharynx > Few soattered small white 
t areas 1 mm. acros . 
Rene gell atomoma Tonsil, pharynx, ba Few soattered small white 
t tongus areas 1 mm. across : 
Retropharmges] j 
EDR nodo. . | | , 3 , 
Lpoma. Dog Shoulder * sæ, 10 om x 12 
O | : om x 7-5 om. 
Osteosarcoma. Dog Humerus * 3 Thin eyes eer cuncing cysts 
| Pele green or white 
-— 
Langs . a | Ste, 0 1-1 om, all green 
Kidney ed 
[stone Dog 1 I Testicle oe few small areas 
of green 
Seminoma. Dog 2 Testicle 
Spheroldal-oalled oar- Bubontaneous 
emomea. Dog thorax. Ribe op un tg an nape 
2-6 connective tissue 
| 
Lang . sal om. soroas. Some central 
areas groy-white 




















throughout the tumour, except for areas of 1-3 mm. 
thickness surrounding cysts and occurring mainly in 
the A The large number of 
lung metastases, 0-1-1 am. diameter, stood out 
sharply as round, deep green lemons, in contrast to 
of pink and pale green lung tissue. 
Ons later métabtasts abut Son in diameter was 
fall of caseous white material and surrounded by 
non-grean tumour tissue exoept st the extreme 
pertphery. Seminomas remaining white were found 
on. histological examination to be essentially cellular 
with little other tissue. Smaller areas appearing 
green were nearly all connective tissue. A spheroidal 
celled carcinoma in an old dog showed a4 i 
colour contrast similar to that described by Goldacre 
and Sylvén! in malignant tumours of mioe. This 
large circular tumour with central necrosis and 
hsmmorrhage extended a distance of about 7 om. in 
the deep subcutaneous tiasues from the second to the 
sixth ribs. A peripheral layer of about 0-5 cm. and 
the intersecting connective tissue m the tumour 
substance were green. The remainder of the tumour 
was dark red. Secondary deposits in the lungs were 
green, some showing grey-white areas centrally. 
This vascular obstruction or blood tumour barrier 
is not strictly comparable to the blood brain barrier. 
Goldacre and Sylvén found that dyes such as neutral 
red and methylene blue, while having a similar 
distribution in tumour tissue, were unlike lissamine 
green in that they entered the brain. Recognition 
that this blood tumour barrier may oocur m some 
spontaneous tumours of domestic animals but not in 
others is of fundamental importance in the attempted 
treatment of neoplasia when surgery is not practic- 
able. In those tumours showing complete green 
coloration it would be theoretically possible, using 
systemic chemotherapeutios, to destroy all the 
+ cells. In other tumours, viable ocells lying 
between the necrotic centre and the periphery of the 


° 
tumour would be expqsed to a relatively low conoen- 
tration of drugs administered systemically, thereby 
seriously interfering with cancer ohemoth 

I wish to thank Mr. A. R. Jennings for he ‘with 
L. N. Owas 
Univeraity of Cambridge 


the histological examimation of these tamours. 
Department of Veterinary Clinical Studies, 
School of Veterinary Medicine, 
i Road, 
_ Cambridge. 
1 Gollacre, B. J., and Sylvén, B., Vature, 184, 68 (1969). 


IMMUNOLOGY 


6-Mercaptopurine in Immunological 
Responsiveness 


Schwartz and Demeshek'* have reported the 
apparent production of immunological tolerance in 
rabbits by the administration of a purme enaloguo, 
6-mereaptopurme. Rabbits receiving concomitantly 
human serum albumin and 6-mercaptopurme ‘failed 
to develop an immune response to the protein 
entigen, and weeks later, when antigen elone wes 
edministered, the animals remamed tolerant. In an 
offort to confirm this finding and to explore the 
le effects of 6-mercaptopurine on homografts in 
rabbits, two groups of rabbits received injections of 
ovelbumm im Freund’s adjuvent and were grafted 
with skin from a common donor rabbrt. One of these 
received 6- ine in the maximum 


mercaptopurine 
. dose employed by Schwartz and Dameshek, the other 


group serving as controls. The 6-mercaptopurine did 
not produce immunological tolerance for ovalbumin 
nor did it result in successful homografts. 

Each of seven New Zealand rabbits, weighing 
epproximately 2 kgm., received a small homograft of 
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ee detestabla- as between autograft and homograft reactions. 
After secondary antigents stimulation text) the rum tained micrograms tibody nitrogen/ml. 
lA, Pasatve cutaneous anaphylaxts. i ) iig 1 sa 


akin from the beck of a common donor rabbit on to 
a site on the left ear. Similarly, an auto- 
graft of skm from the back of each rabbit was sutured 
into a site prepared on ita own right ear. Four of 
these animals seceived mtramuscular injections 
of 6- (6 mgm./kgm./day) for 14 deys, 
the first mjection being given the day prior to 
operation. Three rabbits served as controls. On the 
third and the tenth post-operative days, a mixture of 
ovalbumin (8:4 mgm. ovalbumin nitrogen) and 
complete Freund’s adjuvant waa injected subcutane- 
ousty. Those animals surviving for 21 days were bled 
on the fourteenth and twenty-first days. Two of the 
rebbits treated with 6-mercaptopurine died within 
20 days of operation. One of the rabbits (No. 32) 
i a Te-injected sub- 

usy and Freund’s adjuvant 
an tie forey-olghih doy end cn the Sty-ercin day 


the study. 

‘Analyoes for anti-ovalbumin antibody included : 
(1) quantitative precipitin studies’, and ee pessive 
cataneous . In the latter method, 
dilutions of sera (1:20 to 1: 640) were injected 
intradermalty (0-1 ml.) into guinea pigs. Two hours 
leter, 5 mgm. of ovalbumin m, 1:0 mi. of 1 per cent 
Evans blue dye were injected intravenously. Thirty 


of serum which gave an aree of blning of 5 mm. or 
more in diametar. 

Results are summarized in Table 1. 
control animals contained precipitins oval- 
bumin (both 14-day and 21-day bleedings). Preci- 
pitating antibodies were not detectable in the 14-day 
sera of the 6-mercaptopurine-treated animals and the 


The sera of 


beyond 21 days had precipi 

21-day serum, and the other rabbit (No. 32), when 
restimulated with ovalbumin and adjuvant, developed 
precipitating antibodies. Homografts were rejected 
in all animals living beyond 21 days. Rabbit No. 82, 
which had the initial immunological response 
to surviving 

(35 days). 
animals 


The number of animals in the present study was 
small. The two animals treated with 6-mercapto- 
purine that survived beyond 21 days developed 
serum precipitins against ovalbumin, although there 
was unequivocal suppreasion of immuns response 


during such treatment. The difference between these 
resulta and those of Schwarts and Dameshek is prob- 
ably related to the method of antigenio stimulation. 
Incorporation, of an antigen in o Freund’s 
adjuvant provides a maximal stim tion, while a 
single intravenous injection of 4 soluble protein 


6-mercaptopurine, animals logt varying amounts of 
weight (average logs 14 cent initial weight). 
included in the table of results were three additional 
rabbits treated with 6-mercaptopurine that died 
before completion of their course of the drug.) The 
leaser immunological response during administration 
of 6-mercaptopurme may be an expression of general 
inanition of the animals rather than a specific altera- 
tion of nucleic acid metabolism. 

This work was in part by & grant from the 
U.8. Public Heatth oe. ; 

Noate added in proof. Delayed rejection of homo- 
grafts with 6-mercaptopurine treatment and the 
failure of 6-mercaptopurme campletely to nb ae 
antibody formation, when antigen was incorporated 
in Freund’s adjuvant, have been noted in recent 

(Meeker, W., & al., Proc. Soo. Bap. Biol Med., 
(1959) ; and Hoyer, L., & al., Fed. Proo. 
19, 208 (1960). 
Joan L. Rosryson* 
CHARLES L. CHRISTIAN 
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Expanded Illo-Sacral Joint In the Toad 
Xenopus laevis, 

Tra is of Salientia is characterized by very 
long ilia which connect with transverse of 
the sacral vertebre. In some Salientia these pro- 
ics perk sar i ig avr oe ge The functional 
yim a this modifloation was, however, not 
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The pipid species Xenopus lasvis, the South African 
S ee ee 
modified condition. The Pipide are nan-jumping 
but powerfully swimming forms ; the upper (anterior) 
ends of the two ilie are in contact over a large area 


with the lateral edges of the e ded wing-like 
transverse processes of the vertebra (Figs. 
la and b). 1, Gadow? and Grobbelaar‘ regarded 


this contact aa a more or lees rigid joint ; Ridewood* 
and Nauck*, on the other hand, described the joint 
as movable though without commenting on its 
musculature. - So 3s 

Dissection of a freahly killed Xenopus shows that 
the vertebral column slides freely backwards and 
forwards on the pelvic girdle, in a groove in the medio- 
dorsal aspect of the iha. In the living animal a slow- 
motion cinematograph film revealed a 20 per oent 
range of extension and contraction of the total body- 
length as a result of this movement ; in one specimen 
the ‘normal’ trunk-length of 9-5 om. could be contracted 
to 8-5 om. or, when the hind-feet pushed against 
a solid surface, expanded to 10-0 am. 

Two pairs of muscles control this movement 
(Fig. 2). The coccygeo-iliao muscles (A) serve to 
extend the body by projecting the trunk forwards in 
‘Telation to the anterior surface of the ilia. The 
" ilio-lamber muscles (B) draw the pelvio girdle for- 
wards with to the vertebral column. This 

ir has its insertion on the lateral aspect of the ilia. 

are two itiona of origin (i) from the latero- 
ventral side of the 2nd—Sth vertebrw, as in Rana, 
and (ii) from backwardly curving processes from 
the 4th vertebra. - These processes are derived 
from the ribs of the tadpole and are found also 
in Pépa'. 
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In Xenopus, the whole propulsive effort in swim- 
ming and in burrowing occurs in one plane. The 
forward thrust of the hind-limbs must be transmitted 
through the ooocygeo-iliao muscles. These muscles, 
together with their antagonists, will provide an effec- 
tive shock-absorbing mecbaniam and assist in drawing 
the hind-limbs forward into the mud during under- 
water burrowing. : 

This work was done in the Department of Zoology 
of the University of BristoL I am grateful for.valu- 
able assistance from Prof. J. E. Harris and Dr. H., P. 

ManGganear PALMER 

Department of Zoology, 

The University, 
Bristol, 8. 
1 Mohe same “The Biology of the Amphibia” J (MoGraw-HM, N.Y. 
* Groen, T. L, Pree, Zool, Soe, Lond., 1250 (1931). 
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dom, Ea acppine Reptiles”. “The Cambridge Natural 
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Use of Collagenase in the 
Characterization of Pseudocaslomic 
Membranes of Ascaris lumbricoides 


Tam longitudinal muscle cells of Ascaris lumbri- 
coides are enclosed in sheaths that form part of the 
system of pseudocoslomic membranes covering the 
internal organs of nematodes. The nature of these 
membranes is obscure, though Monné! demonstrated 
that they stain like collagen. Collagenous structures 
previously described in Ascarts are the cuticle and the 
basal lamella of the intestine. The collagenous nature 
of the former was inferred from the resulte of X-ray 
studies" and paper chromatographic analysis’, that of 
the latter from X-ray studies only*. Neither material 
showed any trace of a banded structure in electron 
micrographs, nor did X-ray diffraction photographs 
suggest the presence of long 

‘As the membranes are difficult to isolate in bulk for 
physical and chemical analysis, it was decided to test 
for the presence of. collagen by using collagenase. 


collagenases 

O. histolytiown filtrates, but Seifter st al.* have shown 
that the purified collagenase of O. histolyitoum 
degrades only collagen and gelatin. Robb-Smith', 
working with mammalian tissues, showed the specifi- 
city of O. welohet under defined conditions, 
particularly when antisera are used to neutralize 
ether enzymes present in the filtrate. As O. héstoly- 
ticum oo. was unobtainable, it was decided to 
follow the technique of Robb-Smith. 

Enzyme tests were carried out using a Welloame 
Physiological Research Laboratory O. welohs filtrate 
(B 637 O) with the following specifications : collagen- 
ase, 52 k unitajmgm. (22 Q unite/mgm.) ; lecithinase, 
4-3 units/mgm.; protein,’ N 8-6 per oent; hyal- 
uronidase, 8 unite/mgm., and a amall quantity of à, @ 
protease of i concentration. A refined 
antiserum (RX 5755/36) of the following oonoen- 
trations was also supplied: anti-collagenase, 1:5 
unite/ml.; anti-lecithinase, 220 units/ml; anti- 
hyaluronidase, 650 units/ml. ; anti-a, 6,000 unite/ml., 
which should be sufficient to neutralize the à in 
B 687 0; 

A solution containing approximately 1,560 k units 
(660 Q units) of collagenase was obtained by adding 
30 mgm. of B 687 CO to 1-5 ml. of RX 5755/36 in 
100 ml. of Palitisch’s’ borate buffer at pH 68-8. 
Material was fixed in Oarnoy’s fluid, and paraffin 
sections were cut at lOu. After the removal of 
paraffin, and hydration, the slides were incubated at 
37° O. either in oo solution or in buffer 
solutien as control, At intervals, slides were removed, 
washed, ‘Celloidinized’, and stained by the Gomori’ 
modification of the Bielachowsky-Maresch silver 
method for collagen. 

After 6 and 10 hr., the material appeared un- 
changed ; but 12 hr. and longer incubation caused 
ee ee ee 
but also of the tha surrounding the muscle cells. 
After 16 hr. incubation, the cuticle had completely 
disappeared apart from the external cortical layer. 
Bird’ has presented evidence that this layer is a 
tanned protein, so its resistance is not surprising. 
Digestion of the basal lamella of the intestine and the 
internal portion of the cuticle, as well as of the 


sheaths the muscle oells, strongly 
suggests that the sheaths are collagenous. 
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Studies with the electron microscope are envisaged 
for the future. 

Now that the specificity of the collagenases of 
clostridial filtrates has been establi 3,8, its use 
could oonveniently form a diagnostio test for 
collagenous materials. 

I wish to thank Prof. C. F. A. Pantin for super- 
viging this work and the Welcome Physiological 
Research Laboratory for the gift of collagenase and 
antiserum. The investigation was undertaken during 
the ‘tenure of an Agricultural Research Council 
Studentship. 


BARBARA Dawson 


Department of Zoology, 
University of Oambridge. 
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Isolation of a Phytoalexin from Pisum 
sativum L. 


Tam of an anti ‘principle (or 
principles)’ produced by pods of Phaseolus vulgaris 
L. in response to infections with Solerotinia 
(Wint.) Rhem. has been demonstrated on the basis of 
biological assays by Muller". We now report the 
isolation of an antifungal compound produced in 
similar hypersensitivity studies using pods of Pisum 
sattourn L., and describe some of its chemical, physical 
and biological properties. 

The biological conditions provided for the inter- 
action of host and fungus were similar to those 
reported by Muller!, namely, the moculation of the 


suitable incubation periods. Quantitative bioassays, 
based on the inhibition of spore-germimation in seeded 
agar blocks, with S. fructicola as test organism, were 
used to determine antifungal activity. 

The active material was extracted from the crude 
diffusate by light petroleum (b.p. 55-60° C.); the 
residue was not antifungal. When concentrated 
extracts were fractionated using peper chromato- 
graphy (solvent »-propanol/water, 20:80 v/v), 
the fraction with an Ry 0-6-0:7 contained most of 
the biological activity. An antifungal compound 
fram this fraction has bean obtained since in orystal- 
line form by repeated re-orystallization from light 
petroleum. It is sparingly soluble in water but 
is soluble in a wide range of io solvents. Mioro- 
analyses and molecular wei determinations are 
consistent with the formula ©,,H,,,,0, Other 
physical properties include mp. 61° O. ; ultra-violet 
abeorption maxima in water at 307 mp (loge 3-85) 
and 286 my (loge 3:7); molecular optical rotation 


[M me] = 880 (0. = 0-1 in ethanol). The sub- 
stance is stable in alkaline or neutral solution, but 


800 


in goid solution it loses a molecule of water and 
ae tically inactive and almost insoluble in 

The ultra-violet absorption maxima are 
Seite towards the visible and intensified, Amax. 
358 mp (log « 4:5) and 842 my (log c 4-5), in ethanol. 
The infra-red spectrum of the new substance confirms 
the loss of the hydroxyl groupmg. The active 
material is not phenolic, nor does it contain other 
acidic groups. 

We consider that this compound is an example of 
the biologically active class of compounds defined by 
Muller? as ‘phytoalexms’. We propose that the 
trivial name of this compound should be ‘pisatin’ 
after the host plant from which it was originally 
isolated. S. fructicola was the main fungus used 
in this work ; however, the same antifungal com- 
pound was identified in the diffusates on pea pods 
after inoculation with a random selection of both 
facultative (Ascochyta pisi Lib., Oladosporium 8p., 
Phoma lingam (Tode ex Fr.) ‘Deam., and Septoria 
apis (Briosi and Cav.)) and eee (Brieyphe otcho- 


racearum D.C., Peronospora tabacina Adam. and 
Uromyces fabas Pers.) plant peth . On our 
evidence the fungus used, a necessary to 


promote the formation of the antifungal compound, 
does not appear to play any specific part in determin- 
ing the nature of the substance. 

The median effective dose (ED50) of pisatin 
required to inhibrt S. fructicola was around 10+ M. 
The concentration for complete inhibition of this 
fungus was 2-8 x 10-4 M. Several washings with 
sterile water of spores, treated with pisatin at 2-8 x 
10-* M for 48 hr., followed by further incubation in 
water, resulted in part-germination, Indicating that 
the action of pisatin was, however, only fungistatic 
at this concentration. 

Spectroscopic and chromatographic a ne T 
diffusates from inoculation oom 
pathogen (4. ptst) and a non-pathogen (S. fructioola) 
of peas showed that pisatin was produced in both 
cases at similar concentrations. Sensitivity testa of 
these two fungi towards pisatin in vtiro showed, 
however, that a concentration (2-8 x 10+ M) of 
this compound which completely inhibited germina- 
tion of S. fructcola inhibited germination of A. 
pwi by only 25 per cent under the same condi- 
tions. 

Detached pods have normally been used im our 
testa ; however, pisatin has been detected at a oon- 
centration adequate to inhibit completely germina- 
tion of S. fructicola in pods inoculated on growing 
Plante with this fungus. Pisatin has also been 
detected m pods naturally infected with A. pisi 
under fleld conditions. 

Extracts prepared from Phaseolus vulgaris and 
Capstoum frutescens L. under similar inoculation oon- 
ditions to those described in the earlier sections of this 
communication show antifungal activity comparable 
with extracts from Pisum sativum, and the effective 
substances can be extracted into light petroleum. 
However, the spectrophotometric evidence shows 
that pisatin is not the antifungal substance in the 
other host plante. This may indicate a degree 
of host specificity for this biological class of com- 
pounds. 

Flor‘ postulated a gene-for-gene relationship in 
host/pathogen systems. It is suggested that the 
situation required for a resistant reaction, namely, & 
host in which infection stimulates the production of a 
phytoalexin at a concentration above the threshold 
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which imhibrta the fungus, is consistent with this 
hypothesis. 
interest of Dr. W. Bottomley is gratefully 
acknowledged. 
A full account of this work will be published 
elsewhere. 


I. A. M. CRUIOKSHANE 
Daws R. PERRIN 


Division of Plant Industry, 
Commonwealth Scientific and Industrial 
Research Organization, 
Canberra. 
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BACTERIOLOGY 


Transformation of Resistance to 
8Azaguanine in Diplococcus pneumoniae 


Brosuse of the importance of purine analogues m 
the chemotherapy of buman neoplastic disease’, 
several mvestigations have been made on their mode 
of action and the mechanism of resistance?’ to them 
m becterial and animal systems, 

We describe here the induction of resistance tg 
8-azaguanine in Diplococous pneumonias by means of 
a transformation mediated by deoxyribonucleate. 
This suggests that the acquisition of resistence to 
this antimetabolite, like many other imhibrtors, 
occurs by an alteration of the genetic substance m 
cells normally sensttive to the drug and provides 
a means for genetic menipulation, already shown to 
be unique in ite advantages for investigations of 
gene-controlled resistance mechanisms. 

Strains resistant to 8-azaguanine were obtained by 
wolation of single cells from cultures of a rough 
variant of D. pneumontas serially transferred im 
purine-free medium containing increasing concentra- 
tions of drug. The growth medium (Table 1) was 
that of Adams and Roe’, modified by replacing seid- 
hydrolysed casein with enxymatically digested casein ; 
adding sodium acetate; decreasing the concentra- 
tiong of cystine, glutamine, asperagme, choline, 
calorum chloride, and dipotaasium hydrogen phos- 
phate; and omitting phan, adenine, uracil, 
and potaastum chloride. F the addition of small 
amounts of specific E rta rabbit serum, 
growth, folowing the dilution of culture material 

medium, 


in this occurred in the form of distinct 
colonies on the bottom of the culture tube. The 
Table 1 
Component Amount/itt. Component Amount/ht. 
aap ah aed 12-5 gm. Choline chloride 5-0 mgm. 
Sodium aceta 0-75 gm. Gintamins 100 0 mgm. 
Ginsoee 2-0 gm. Sodium thio- 
LOystine 400 mgm. Armei £00 0 mgm. 
Biotin 60 agm. «7H, 0-5 mgm. 
Nioatnlo acid 04 mgm. engin 0'6 mem. 
chloride 06 mgm MnO iO 18-0 me. 
Oalsinm pantothenate 2-4 mgm. 0-3 gm. 
Thiamine hydrochiorids 0 6 mgm. 4-0 mgm. 
vin 0-28 mgm. a 4-4 gm. 
50-0 mgm. WaHOO,t 20 -0 mgm. 


Justed to 7 4 prior to sterilization filtration. 
ine tematic casein hydrolys te (vitamIn-fren), , General Biochearnioals, 


Ten diaii prior to inooulation. 
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Table 2 











enumeration of colonies in this medium made selective 
by the addition of drug formed the besis of our 
quantitative procedure‘. ` 

Deoxyribonucleic acid was prepared from cultures 
of resistant cells lysed by deoxycholate using the 
‘Duponol’ inization method of Kay é al.§. 
After growth of the drug-susceptible parent strain at 
37° O. for a period of 2-8 hr. in the casein hydrolysate 
medium supplemented with 0-16 per cent bovine 
albumin (Armour fraction V), deoxynbonucleio acid 
was added and the culture re-incubated for 2 hr. at 
87° O. to allow for adequate genetio expression. The 
resulta of typical experiments with deoxyribonucleic 
acid extracted from a strain of D. pneumonias 
[R6/AZ.AG(1)] resistant to 0-5 ugm./ml. 8-araguanine 
(æ 100-fold increase in resistance over that exhibited 
by the parent strain) are shown in Table 2. 

The presence of drug-resistant organisms was 
determined by diluting aliquots of the culture which 
had been exposed to deoxyribonucleic acid in the 
purine-freo antiserum medium containing 0:5 

ugm./ml. 8-azaguanine. After incubation at 37° O., 
resistant colonies were observed, with the number 
depending on the concentration of deoxyribonucleic 
acid. These -colonies were assumed to arise from 
individual transformants induced by deoxyribonucleic 
acid, since none was obtained from perallel cultures 
which were: (a) not exposed to deoxyribonucleic 
acid, (b) exposed to deoxyribonucleic acid pre- 
treated with deoxyribonuclease (in 0:002 M mag- 
nesium chloride), or (0) exposed to deoxyribonucleic 
acid isolated from a parent strain susceptible to 


8-azaguanine. 

It was later determined that after addition of 
deoxyribonucleic acid anty a brief period of incube- 
tion at 87° C. (about 10 min.) was required before the 
transformed cells could be exposed to selective con- 
centrations of 8-araguanine. This was not due to a 
rapid phenotypic ion of the newly transformed 
character but to the inability of S-azaguanine to 


Ly. 
All the transformants obtained with deoxyribo- 
nucleic acid extracted from stream R6/AZAG(1) 
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displayed a level af resistance equal to that of the 
donor strain (first transformation, Table 3). 
On the other hand, acid from another 
mutant sirain [R6/AZAG(2)], resistant to 5-0 pgm./ 
ml. 8-azaguanine, induced more than one class of 
transformants. Following dilution of cultures exposed 
to deoxyribonucleic acid in antiserum medium con- 
taining varying drug concentrations, the majority 
of transformants were found to be resistant to either 
0-5 or 0:8 pgm:/ml. 8-azaguanine, while only a few 
transformants were resistant to the same level as the 
original donor strain. In other transformations 
(second transformation, Table 38), transformants 
derived from 26/4ZAG(1) and low-level] transforman ta 
from R6/AZAG(2) ell transmitted their markers 
intact. When high-level transformants from 
R6/AZAG(2) were used as donors of deoxyribonucleic 
acid, the same three classes of transformants that 
wore derived from the original donor sirain were again 
obtained. Stram R6/AZAG(1) appears to bear only 
a single genetic marker for 8-araguanine resistance. 
The results obtamed with the other donor strain, 
R6/AZAG(2), mdicate a dissemination during trans- 
formation of two genetic markers in its deoxyribo- 
nucleic acid. The high-resistance level transformants 
would be expected to occur with lower ency since 
the simultaneous addition of both markers to the 
genome of the recipient cell would be required. 

It appears that resistance to 8-azaguanine, in this 
organism at least, origimates by more than one genstic 
alteration, and that the development of a specific 
level of resistance to the drug, like resistance to other 
agents, may occur in increments (stepwise) following 
the addition by successive mutations of additional 


genetic markers. 

This work wea orted by research grant 7'107 
from the American Society, by grant OY-8192 
from the National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, and by 
Contract No. SA-43-ph-2445 from the Cancer Chemo- 
therapy National Service Center, National Cancer 
Institute, Public Health Service. 


Feawors M. Smormak 
Ramona B. LUNT 
Donnas J. HUTCHISON 
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Absence of Carbon Monoxide-sensitive 
Respiration in a Streptomycin-dependent 
Mutant of Escherichia coli grown in 
Limited Amount of Streptomycin 

Miller and Bohnhoff! were the first to report the 
existence of streptomycin-dependent micro-organiams. 
Since then various species of becteria have been found 
to give rise to streptomycin-dependent mutants*+. 

The problem of european yop oy has 
been studied very little at present is still unsolved. 
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Schaeffer? found e decrease in cytochrome content in 
a streptomycin-dependent mutant of Bacillus cereus 
when deprived of streptomycin. Since under similar 
conditions the cytochromes of a streptomyam- 
dependent mutant of Hecheriohsa cools were unaffected, 
he concluded that although streptomycin may be 
necessary for the mutant strain of B. cereus to 
synthesize: cytochromes, its role in streptomycin- 
dependent mutants of other species may be of a 
different nature. 

This communication constitutes a preliminary 
report of our work on electron transport systems 
of streptomycin-dependent bacteria. 

Escherichia cols Sd-4, 8 streptomycin-dependent 
mutant, was used. The oells were grown on the 
surface of Roux bottles in the synthetic medium of 
Davis*, supplemented with streptomycin. For optimal 
and suboptimal growth 100 and 1 pgm. of strepto- 
mycin per 1 ml. of medium were added, respectively. 
For the ds pacha of non-proliferating suspensions 
an 18-hr. old culture was employed. Experiments on 
oxygen uptake were carried out by the conventional 
‘method in Warburg apparatus. The filling of vessels 
with the various carbon monoxide—-oxygen mixtures 
was done by the evacuation method of Umbreit’. 

Our experiments have shown that in the presence 
of all the substrates tested (ghnoose, pyruvate, lactate, 
malate, succinate, a-ketoglutarate, acetate, glutamate 
and serine) the rate of respiration of the non-prolifer- 
atmg ocells grown in sub-optimal amount of strepto- 
myom was markedly lower than that of cells grown 
under optimal conditions. Experimenta on the 
effect of carbon monoxide on the respiration of the 


aforeamentionéd cells showed that the bacteria grown . 


in a limited amount of streptomycin, in contrast 
to those grown under optimal oonditions, lacked 
the carbon monoxide-sensitive pathway of respira- 
tion. 


A B 
800. 
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A typical experiment on respiration of cella grown 
in limited and unlimited amount of streptomycin 
and the effect of carbon monoxide on their oxygen 
uptake is shown in Fig. 1. It can be seen from the 
curves in the figure that, in the presence of lactate, 
the QM! of the optimally grown oells is 2,240 as 
compared to 920 of the cells grown with limited 
streptomycin. Carbon monoxide inhibits only the 
ae ration of optimally grown cells, and is completely 

out effect on the respiration of the suboptimally 
grown ones. Ata ratio of oxygen: carbon monoxide 
equal to 0:1 the inhibition of the total oxygen uptake 
by cella grown under optimal conditions is about 
40 per cent while the respiration of cells grown in 
limited amount of streptomycin is unaffected. On 
lowering the ratio of oxygen: carbon monoxide to 
0:05 the inhibition of respiration of the former 
increases, reaching 60 per cent, whereas the respira- 
tion of the latter remains unimpaired. Asa result the 
rate of respiration of both kinds of cells becomes equal. 

We may, therefore, conclude that the low rate of 
respiration displayed by bacteria grown with limited 
streptomycin is brought about by cytochrome oxidase, 
being either absent or non-functional. 

Full results and discussion of the above oe 
in relation to streptomycin dependency will 
reported at a later date. 

We are indebted to Dr. Demerec for his gift of the 
E. coli Sd4 strain. This is a preliminary rt on 
an investigation carried out by one of us (H. E.) 
partial fulfilment of the requirements for the ae 
degree of the Hebrew University-—-Hadassah Medical 
Sohool. 

Hansa Enawnana 


M. ARTMAN 
Department of Baterio ogy, 
Hebrew University——-Hadaseah Medical School, 


Jerusalem. 
1 Miller, P, O., and Bohnhoff, ML, J. Beoteriol., M4, 467 (1947). 
1 Pame, T. F., and Finland, AL, J. Baci., 58, 207 (1048). 
* Yeglan, D., and Budd, V., J. Baci., BB, 459 (1048). 
10 A and Ssenberg, N., Provo. Soc, Bap. Biol. ond Med, 
Moa bao (Labs), 
‘Gchactfer, P., Biookim. Biophys. Acis, 9, 663 (1052). 
*Davis, B. D., and Mingtoli, B., J. Beat., 90, 17 (1950). 
Basa oe W. M W. T Bure, R H, and Bi and Stauffer, J. Fa, “Hanometrio 
Oo., Mimeapols). 


A Bacterial Mutant with Impaired 
Potassium Transport 

Tus transport of substances across cell membranes 
against electrochemical potential facia) ts is attri- 
buted to the o tion of energy-dependent pumps 
in the cell m e. However, the exact chemical 
nature of these pumpes and their link to metabolic 
energy sources remam unknown. The purpose of 
the present communication is to report the isolation 
of a genetic variant of the bacterium Hechorichia ook 
(strain K-12) which differs from the original strain 
(prototroph) with respect to the scoumulation and 
metabolism of intracellular potassium. (Since this 
communication was submitted, M. Lubin and D. 
Keasel, Biochem. and Biophys. Res. Comm., 2, 249 
(1960), have discussed a similar topic.) 
evidence demonstrates that, whereas the prototrop 
transports potassium mto the cell with a half-time 
of 8} min., the potassium mutant transporte = 
assium at a rate so slow as to be scarcely d le. 

The potassium mutant, called Ọ x-, was isolated by 
means of the penicilin method described by Davis.* 
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and and Zinder’, with some modifications 
similar to those recently described by Gorini and 
Kaufman’. 10 ml. of B. cols growing exponentially 
in a minimal medium containing 1 per cent glucose’ 
were exposed to a pre-calibrated dose of ultra-violet 
radiation calculated to reduce the viable count to 
approximately 0-1 per cent of the initial tion 
size. Following a 12-24 hr. intermediate cultivation 
in an enriched medium (‘Nutrient Broth’, Difoo), a 
10 ml. sample was centrifuged and the pellet washed 
three times with cold potassium-free buffer solution 
(identical with the minimal medium! except for a mole 
for mole substitution of sodium for Ee 
Approximately 0:1 ml. of the roeaspendad pellat 
inoculated into 50 ml. of nutrient broth sport had 
been, twice nee an ion exchange resin 
column (‘Dowex 50"). ure resulted in the 
replacement of 99- Me cent of the potassium 
initially present with oper reducing the concentra- 
tion of potassium from 24 mM to so 0-01-0-08 mM. 
The inoculum was then shaken for 6-8 hr. at 87° O. 
until a stationary phase was reached as was to be 
when intracellular potassium reserves had 
been depleted. Crystalline sodium penicillin (Nutri- 
tional Biochemical) was added to give a final con- 
centration of 10,000 unite/ml. In addition, potassium 
dihydrogen phosphate was added to raise the oon- 
centration of potassium in the broth to 1 mM. 
Previous studies had shown that the Æ. cools proto- 
troph will grow normally at this extracellular potas- 
“sium concentration, accumulating potassium against 
@ more than 100-fold concentration gradient. If a 
mutant incapable of concentrating potassium were 
present, it alone should be incapable of growth in this 
enriched, potassium-poor medium, thus escaping the 
bactericidal action of on growing oells. 
A large volume of b was used in this step to 
minimize increase in arrenar potassium following 
lysis of the potassium-rich ocells. 

Following. 8 8-10 hr. of incubation at 87° C., the 
culture was centrifuged. 0:1 ml. of 
precipitate was spread on potasaium-rioh agar plates 
(bro taseium > 24 mM), which were then 
mouba at 87° O. When growth had resulted in 
colonies 1-2 mm. in diameter, replicas were made on 
potessium-poor plates (broth, potassium < 1 mM). 
A single colony grew on the potessium-rich plate but 
failed to grow on the potassium-poor plate. The 
control prototroph grew equally well on both plates. 
Two repeated platings on potassium-rich and potas- 
sium-poor minimal agar plates revealed the same 
differential growth pattern, ruling out the possibility 
that the auxotroph a nutrient which was 
inadvertently removed by the ion exchange resini. 

A ‘series of ta was then performed to 
compare the affect of potassium ooncentration on 
growth of prototroph and ®x- in minimal liquid 
media oontaming 1 per cent glucose. Unexpectedly, 
the growth of Q x- now appeared. 
external potassium from 0-1 to 10-* M ; x- growth 
exceeded that of the prototroph below 10- M 
potassium. This result indicated that the organism 
ene ee had become adapted to growth 

of potassium too low to permit normal 
pleat of the prototroph. Furthermore, determina- 
tions of intracellular potassium in both prototroph 
and Ùg- grown to the stationary phase in liquid 
media of varying concentrations of potassium revealed 
striking differences. As shown in Fig. 1, the proto- 
troph maintained its internal potassium at 115-125 
m.equiv./(l. cell water) in a 10-' M medium, whereas 
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Potasstum concentration in medium (moles/1.) 
Fig. 1. The relative growth of the W. vat Pola af metered 
open cast 


medwe, with varying 
el duty of SEA ma. th Sg 


the bars ropeseont tho Inte 

ee all cell water) 
Og- was characterized by significantly lower intre- 
cellular potassium. 

Potassium-42 was used to study the potassium 
fluxes in prototroph and auxotroph suspensions in 
potassium-poor minimal media. Fig. 2 shows the 
time-course of disappearance of potassium-42 from the 
extracellular m a of freshly grown 
cells. Normal cells (1-6 mgm. dry wt./ml. suspension ; 
medium potassium = 1:25 mM) take up -42 
avidly, as shown in the lower curve. An initial rapid 
phase is followed by a slower phase characterised 
by a half-time of 3; mm. The pointa represent 
experimental results and the curve for the slower 
phase has been drawn according to two-compartment 
kinetios with an efflux transfer coefficient of 0-16/min. 
Sinoe the cells were in the early lag , cell growth 
was negligible durmg the 12-min. etio study, as 
demonstrated by the observation that the fractional 








Min. 
2. Potastum-42 influx into the prototroph and mutant. 
eE be weon that original strain takes up potasstum-42 
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volume of oella in the medium increased leee than 6 
per cent during this period. 

On the otlieestimud: the mutant (2-1 mgm. dry 
wt./ml. suspension; medium potassium = 2-5 mM) 


takes up potassium: very slowly. The dashed lind in - 


Fig. 2 has been drawn for a linear uptake of 4-5 per 
cent in 10 min. After 185 min., the specific activity 
of the auxotroph is 0-8 that of the medium, which is 
consistent with a slow rate of uptake of potassium-42. 
Since the mutant was present in a more concentrated 
suspension and exposed to a higher extracellular 
potassium concentration than the prototroph, the 
true difference in their rate of uptake of potaasium-42 
is pnobably greater than our present estimate. As 
dela indicate that gro of Qg- oan be main- 

& potassium-poor minimal medium, it 
nag Deine that the lesion in potassium transport 
resides either in the transport system or in ita energy 
supply. 

In summary, our preliminary studies suggest that 
the ®x- auxotroph we have isolated differs fram the 
prototroph of Bsoherichia cols in two respects. First, 
ite ability to accumulate potassium against a ocon- 
centration gradient is greatly impaired. Secondly, the 
auxotroph has the capacity TETU sed oe 
sium-deficient environment Qr- mutant would 
appear to offer promise as a tool to investigate both 
the nature of the potassium transport mechanism 
and the role of potassium in intracellular metabolism. 

This work has been ported in part by the 
National Science Foundation and by the Atomic 
Energy Commission. 

We are grateful to Dr. B. D. Davis for his discussion 
in the early phases of the project and his assistance 
m the development of the technique, and to Mr. A. F. 
Hurley for his incisive and helpfal comments. 


Srann Q. Sonuurz* 
A. K. SOLOMON 


Biophysical Laboratory, 
Harvard Medical School, 


* National Research Fellow in Academio Mediatne. 
1Dave, B. D., J. Amer. Chom, Soo., 70, 4267 (1948). 
1 Devis, B. D, Proe, U.S. Hat. Acad, Soi., 35, 1 (1940). 
* Lederberg, J., and Sinder, N., J. Amer. Ohsem. Sos., 70, 4287 (1043) 
‘Gortnl, L., and Kaufman, H, Selena, 181, 604 (1008). 
s Darm, B. D., and Mingloll, H. B., J. Broteriol., 6), 17 (1950). 


GENETICS 


Mechanisms of Meiotic ie aah 
in Man 3 


Ir is now well known that there is an abnormal 
chromosome number in mongolism ii. chramatin- 
pomtive Klinefelter’s syndrome, and in chromatin- 
negative Turner's syndrome. It isralso known that 
mongoliam is associated with increased, maternal 
age, and there is some evidence that a similar aseocia- 
tion exista m chromatin-positive Kimefelter’s syn- 
drome" and in chromatin-negative Turner’s syn- 
drome!. In cases of chromatin-positive Klinefelter’s 
syndrome previously studied the available data 
(Table 1) provize supporting evidence that there is 
an association with, among other possibilities, in- 
creased maternal age. Fifty-four cases were classified 
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with respect to position in the sibehip. Four were in 
the coentre of the sibship and of the remaining 50 


-cases, 17 were in the first half and 83 in the second 


Posmos oy Paroorr Of Sinan 
2 3 465 67 8 9 10 11 12 18 
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Ib is generally agreed that meiotic non 
is the most probable cause of these conditions. 
Further information about the number and origin 
of X chromosomes can be obtained from oolour- 
blindness studies**. A solour-blind chromatin- 
positive case of Klinefelter’s syndrome with oolour- 
normal parenta could be due to a defect of esis. 
This was: pointed out independently by Stewart? 
and Stern‘. Stern considers that available data on 
chromatin-positive Klinefelter’s syndrome suggest an 
abnormality of the first meiotic division but they are, , 
in fact, equally consistent with a defect of the second 
meiotic division. The expected frequency of colour- 
blmdneas following a second meiotic abnormality 
which he quotes (8 per cent) is correct for a locus 
close to the centromere but he does not consider the 
expected frequency for a locus sufficiently far from 
the centromere to give random segregation. The 
frequency of females homozygous for colour-blindnees 
is 0-5 per cent. All XX eggs from such individuals 
will be hom recessive for colour-blindness. 
The frequency of females heterozygous for colour- 
blindness is 15 per cent and with random segregation 
one-sixth of their secondary oocytes will carry the 

for colour-blindnees on both chromatids, Non- 
isjunotion at the second meiotic division gives 
exceptional XX eggs and 2-5 per cant of these will 
be homozygous recessive (one-sixth X 15 per cent). 
The expected frequency of ocolour-blindness in excep- 
tional individuals due to a second meiotic abnormality 
is therefore 8 per cent (2-5 per coent from hetero- 
zygous mothers and 0-5 per cent from homozygous 
mothers). Thus the expected limita of colour-blind- 
nees incidence in exceptional individuals following an 
abnormality of the second meiotic division of oogenesis 
are 8-8 per cent. Collection of further data may 
provide information about the position of the colour- 
blindness locus relative to the centromere, about the 
relative frequency of non-disjunction in oogenesis 
and spermatogenesis and about the state of meiosis 
at which Hach nos diajunetion. oocursé. . 

There is good evidence that same cases of chromatin- 
negative Turner’s syndrome sre due to a defect of 
spermatogenesis and that some oases of chromatin- 
positive Klmefelter’s syndrome are due to a defect 
of oogenesis; and the opposite situations probably 
occurs. A defect of oogenesis may be assumed if a 
colour-normal case of chromatin-negative Turner’s 
syndrome is found with a colour-blind mother and a 
colour-normal father, and a defect of spermatogenesis 
would be indicated by a colour-normai case of chroma - 
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tin-positive’ Klinefelter’s syndrome with a, colour- 
blind mother and a oolour-normal father’. Defects 
of spermatogenesis s 
may be related to the unequal size of the X and Y 
chromosomes with consequent failure of pairing 
leading per non-disjunstion during meiosis. In 
oogenesis all chromosomes are paired, but a similar 
causal mechanism might operate for a chramosomal 
aberration such as inversion could lead to failure of 
pairing and non-disjunction.’ A chramosomal aberra- 
tion of this sort might be inherited or it might be 
caused by environmental influences. A possible clue 
to the mechanism is provided in the reports that 
mongoliam is associated with inoreased maternal age 
but not with intreased paternal aget, and that there is 
little increase in the number of female germ cells 


after birth’. Environmental influences, including 
ee ee ee cae E ER 
which oause change,” may predispose to 


e e GE eco bs e oo debe of spermato- 
genesis if old women have old eggs but old men have 


young sperm. 
Joun S. 8. Stawant 
of Burgery, 
Quean’s College, 
Dundee. 
2 Oe ee ee 
wt eng, W EL, Prader, A., and Schtrren, O., Sweies med. 
on, Bear ). 
"Stewart, J. 8. 8., Lanos, 11, 888 (1059 
f oa T (1060) (abstract, J. 
a era oe is ) (abstract, Lance, 1i, 
Wr 3é0)). B, Sympostum ( press) ( ot, 


"Stern, O., Nehere, 183, 1452 (1950). 
*Zukermen, &, Oliba Oollogutum on Ageing, 3, 31 (1056). 


Ir is useful at this stage of human cytogenetice to 
keep in mind the whole spectrum of possibilities of 
cbromosamal behaviour. In this sense Dr. Stewart's 
ee oe ee 

the second meiotic division is valuable. His discus- 
sion rests on the ‘assumption that non-disjuncstion is 


y 
non-disjunction I had specified absence of oroeing- 
over (and, thus, made no aasumptian as to closences 
of the locus for colour blindness to the kinetochore). 
According to Dr. Stewart’s scheme it would follow 
that genes distantly located would leas often become 
homozygous than proximal genes. This is the oppo- 
site to what is well established in Drosophila, although 

it capnot be excluded, of course, that human chromo- 
somes may behave differently. In Drosophila the 
more frequent erence for distal than 

genes signifies that 
crossing-over occurs during the first meiotic division. 

Apart from the question whether non-disjunction 

. occurs during the first or second meiotic division, 
Ford’s suggestion that it may also occur in early 
cleavage cannot be dismissed!. This suggestion 
accounts for homozygosis of the locus for oolour- 
blindness by mitotic non-disjunetion without reference 
to crossing-over or of gene locatian. 

I wish to add two minor points in reférence to my 
earlier communication: (1) The statement about a 
‘maximum’ of recessive homoxygosia of 16-7 per cant 
was in error; instead this ency follows from 
random assortment. (2)- Fhe choice of 0-5 per cent 


~ 


NATURE. 


in the chromosomal .intersexbs ey 


proximal» 
non-disjunction preceded by 


805 


< ag the incidence of colour-blind women was made for 
the sake of a round number ; 0-45 or 0-4 per cent are 
more accurate values. 
Cunt Sraax 


Department of Zoology, 
University of California, 
Berkeley 4, California. 


1 Ford, O. A., Amer. J. Hem. Genet, 18, 104 (1900). 


Effect of Varlations in Temperature on 
Meiosis in Gagea reticuldta Schultes 


PREVIOUS cytological investigations on. the genus 
Gagea have been confined to eight species’. Recently, 
Malik and Sebgal* aenn te the eptolocy at 
one more species, Gagea refioulata Schultes. The 
haploid chromosome number determined waa twelve. 
The meiotic behaviour of chromosomes, as sean, from. 
the dividing pollen mother cells, was regular in plante 
growing in their normal season (February). The pair- 
aie Stee eee E E A 
by regular peg seer separations, and resulted in a 
high degree of 


‘ow planta of G. reticulata were collected from 


irregularities, quanti 

pentads and even configurations above this level were 

formed. Pollen-grains thus formed were extremely 

veriable in mze. 
These meiotic irregularities Scala nob be due 

to the fixative, for in both cases this was kept 

constant. 


Several workers have artificially mduced many 
meiotic abnormalities such as stickiness, 
laggardiam and formation of diploid spores. Sax* 
has described such meiotic aberrations after after sub- 


e eee 
ee The abnormalities 

above were from plante collected in May 
id ena Gs Os ace T E 
ita environmental factors. Simcoe these aberrations 
were observed in the hot months of May, it is reason- 
able to assume that the extreme heat could be 
responsible for the disturbances in meiosis. In this 


: Asparagus 
Suaeda fruticosa Forsk., it has become i 
clear, that there is a correlation between temperature 
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and meiotic course. Khoshoo® has elso reported a 
smilar situation in Sisymbrium irio, in which meiotic 
disturbances were caused by summer heat. 

A. detailed account of these investigations will be 
published elsewhere. 

I am indebted to the principal of this College, Dr 
A. N. Banerji, for providing the necessary facilities 
in connexion with the present investigations. 

C. P. MALE 


Department of Botany, 
Deshbandhu College, 
University of Delhi, 

New Delhi 19. 


) Darlington, 0. D., and W. A. P., “Chromosome Atias of Flowermg 
Pints” (George Alb and Unwin, Tide London 1968). 
mace ce and Sehgal, B, M., J. Bon Ind, Rat, 18, 0, 15 (1930), 
m, 118 (1987. 
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Race Differences in the Ability to 
_ excrete Beetroot Pigment (Betanin) 


Ir has been suggested that lack of betanin excretion 
i urme is & hereditary trait in mant. This could 
result from an inborn incapacity to metabolize the 
pigment. This communication reports & study of the 
frequencies of betanin excretors among different 
racial groups. Classification of the excretors neceasi- 
tated takmg into account the time-range necessary 
for excretion, the amount of beetroot eaten and the 
pH of the urine. The effect of these variables on the 
validity of the test was determined before establishi 
the followmg procedure. 100-150 gm. of coo 
beetroot was grven to each individual examined. 
Two test-tube samples were taken, one before and 
the other 5 hr. after the beetroot was eaten. The 
classification of the individuals as excretora and non- 
excretors was based on visual comparison of the 
colour of the two urine samples. When any reddish 
tint could be observed m the second sample relative 
to the first the subject was recorded as ‘excretor’, 
and 1f otherwise, ‘non-excretor’. It should be noted 
that & great deal of variation was observed in the 
intensity of the red tint in the urme of the excretors. 
As betanin is a pH indicator, the possibility that a 
high pH m the urine could suppress the a 
- of the colour was checked. It was found that lowering 
the pH near 5 in the urine of the ‘non-excretor’ group 
failed to reveal any reddish tint. On the other 
_ band, an increase of pH to 8 in the ‘excretor’ group 
was needed to make the tmt fade. Since human 
urine has a pH varying between 4-8 and 8-2 (averago, 
6) ıt can be concluded that the pH value of the 
urine does not appreciably affect the resulta. 

It was observed that betańin elmimation by” the 
adult excretars occurs 4-1] hr. after eating beetroot, 
the most intense concentration of the pigment m 
urine bemg about 5-6 hr. after ingestion. Among 
children 8-14 years old, the corresponding tme ıs 
3—4 hr. 

A group of 338 individuals from S&o Paulo was 
exammed. in State schools for resident pupils, where 
the tests could be controlled. The investigation 
includeg 181 Japanese of age-range between 7 and 
24 years, 50 Negroes ‘pure’ and ‘mixed’ of age-range 
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Table 1 
$ ok. 2 
No. of indtviduals 

Sample Moan age, exam Mo. Per cent 
Japanese 14:6 i 181 80 42 
Negro 3190 50 16 20 
White B74 107 608 
Total 194 338 129 38 2 





Heterogeneity, t'a = 6:18, P < 0-05. 


between 20 and 46 years and 107 Whites of age-range 
between 13 and 53 years. The frequencies of excretors 
in the three samples are grven in Table 1. 

It should be noted that the frequencies of excretors 
among two different samples of Japanese taken at 
random were 47:6 per cent (n = 103) and 45:3 per 
cent (n = 64), The frequency of excretors among 
Whites from São Paulo, who came from different 
European immigrant groups, 1s higher than that 
observed for the Emghah group (10 per cent)'. This 
fact is likely to be caused by tho heterogeneous origin 
of our White sample (mainly of Italian and Portu- 
guese derivation) and/or by differences in technique 
The difference in frequencies of between the 
White and the Negro samples (7%. = 0-02, P > 
0:90), or between the Negro and the Japanese samples 
(xy = 2-40, P m= Q- -12) ia not significant. However, 
the difference in frequencies of excretora between the 
White and the Japanese samples (xy = 5-03, 
P = 0 025) is significant. The overall frequencies 
of excretora among male (41-1 per cent) and femala 
(36-1 per cent) mdividuals are not significantly 
different (x% = 0-52, P = 053). A group of 40 
Individuals of the Japanese sample has been investi- 
gated previously for taste thresholds for phenyl- 
thiourea’, bub the two traits showed no apsooiation 
(x8) = 2-48, P= 0-12). 

The samples from the three ethnic groups mvesti- 
gated have different average ages. If betanin excro- 
tion changes with the age of the individual, this 
perhaps could explam the differences found. How- 
ever, classifying the individuals ing to the 
overall mean age (about 20 yr.) the vesulte given im 
Table 2 were obtamed. 


Table 2 








Hxoro! 
(per oent) 
e 158 u3 
over 23 435 
. H 265 
over 78 329 








Hence, it can be seen that age variation cannot 
account for the differences found. Therefore, our 
results suggest marked differences in the frequency of 
betanin excretors among racial groups. Studies of 
this trait in other populations should be of interest. 


P. H. SALDANHA 
L. E. Magara tes 
Wanpa A. Horta 


Laboratério de Genética Humana, 
Faculdade de Medicina, 
and 
Departamento de Biologia Geral, 
Universidade de São Paulo, 
Brazil. 


1 Allon, A. O., and McWhirter, K.G., Natures, 178, 748 (1066). 
*Selianhs, P. H, Ann, Hum. Genet, 88, 390 (1058). 
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“Thomson discusses in his presidential addrees to 
the'British Association for the Advancement of 
Science (see p. 887 of this issue) are its contribution 
to man’s control over Nature and its contribution to 
our understanding of the nature of things. At the 
outset, Sir George firmly repudiates the idea that the 
contribution which science makes to our mastery of 
the world in which we live is-the sole or even a 
sufficient justification for sciences. Without, however, 
examining science as one of the great human values, 
along with art and religion and philosophy, he defends 
80 firmly and lucidly the value of acience as a means 
of understanding the world in which we live that 
his address naturally recalls Sir Edward Appletan’s 
addreas to the Association at Liverpool m 1958 on 
soience for its own sake. Whereas, however, Sir 
Edward emphgsized the intrinsic- value of science, 
it is rather with the interrelations, of saience and 
technology that Sir George Thomson fis -oônoerned, 
and the way in which technological advance arises- 
out of the contribution to our understanding of the 
physical world that science makes possible. .  -.- 

Science, Sir George pointa out, makes ‘an approach 
to understanding which is the very opposite of that 
of religion and philosophy. It begins by studying 
details, often apparently trivial details, and from this 
study of details come concepts. Many “of these do 
not survive, but the successful concepts, or the best 
of them, aze-no Tonger concerned with details. They 
penetrate deep in the heart of things and unify our 
thoughts over a vast area of facts, enabling men’s 
minds to grasp certain aspects of the enormous 
complexity of the world. They represent an exten- 
aion of the human intelligence, and often are not 
easy to comprehend, so that their subtleties oblige 
the, popularizer to take care lest in simplifymg he 
makes statementa which are simply untrue. ` 

Furtharmore, Sir George maintains that concepts 
re discoveries as well as—indeed, more than— 
inventions, that they are more than an exercise or 
product of the human mind and represent reality. 
Here, where he points out that, as an exercise of 
the human mind, they equal the brilliance of any 
system" of thought, philosophical or even mathe- 
matical, and when he sets science in ita function of 
enlarging the bounds of human knowledge alongside 
the expression of human greatness in art and morals, 
lhe seems to come close to the line of Bir Edward’ 
Appleton’s thought. It ia the chanoe of under- 
standing things of fundamental and permanent- 
<mportance that makes the pursuit of science fas- 
cinating and worth while. This and, it might be 
added, the intellectual and moral discipline which it 
anposes on those who follow it, give science ita 
olace as one of the great human values. 

Sir George Thomason, howevér, is more concerned 
n this addrees with the interactions of this-aspect of 
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-.UNDERSTANDING AND- POWER 


Lees , 
science, as a way of finding out and understanding 
the world in which we live, on other aspects of life 
than with its value to the individual as an intellectual 
discipline or pursuit. In our times, technological 
advance, in the medical ae well as in the engineering 
field, largely and even mainly ‘arises out of clear 
understanding of the principles involved ; though he 
reminds us that this has not always been true and 
that in earlier centuries advances in technology were 
largely empirical. To-day, discoveries are increasingly 
made in research laboratories and fewer by workmen 
on the bench, and industry in general recognizes thia 
dependence of technology on pure science. Apart 
from a few industries where too little is spent on 
research or reaearch is badly organized, Sir George 
believes the need is realized and reasonably well 
mast. 

Science itself, however, receives a great return for 
what it contributes to technology, and this in two 
ways, materially and in the realm of ideas. Indeed, 
though Sir George did not specifically say so, some 
acience arises out of technology. Nevertheless, he 
pointed out that a modern physics laboratory could 
not work without instruments developed for tech- 


nology and obtainable chiefly because industry needs 


them in large numbers, and he doubted whether 
academic scientists are sufficiently grateful for this 
return by industry. Without the resources which 
technology and industry have placed at his disposal, 
the power of the scientist to enlarge the boundaries 
of knowledge would be very considerably restricted, 
and this factor alone does not make it too easy to 
decide on the allocation of limited resources or. 
whether to exter on some entirely new field. 

Quite as important, however, is the influence of 
technology in keeping science in touch with reality. 
As science advances, concepta tend to become more 
and more abstract, and further removed from any- 
thing that can literally be touched or handled; and 
Bir George suggests that there is a danger that we 
may come to suppose that some elaborate piece of 
mathematics representa reality when it is only a 
creation of the mind, inspired indeed by physical 
reality, but to more like it than is a modern picture. 
So long as those who formulate these theories are 
reasonably close to those who use them, not merely 
in laboratories but algo in industry, Sir George thinks 


_that we are safe, and. to him the most amazing thing 
‘ about science’and the most surprising and exciting” 


thing about our world is the astonishing connexion 
between highly abstruse! theoretical ideas and the 
matter of fact. Sir George illustrates his point by 
referring to a household kettle heated by electricity 
supplied by nuclear power; the argument for some 
effort in space research on the ‘grounds of the 
probablé- benefit to telephonic communications is no 
more unrealistic than proposals for nuclear power 
would have seemed less than-a generation ago. 


ad ae E R A A ig 
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In referring to these interactions of science and 
technology, Sir George joms issue with those who 
regard technology as intellectually a poor relation of 
science. To him, science without technology is 
incomplete and inconclusive. Systems of philosophy 
come and go, and it is bard to suggest oriteria for 
their truth. When, however, conclusions deduced 
from precise experiments by mathematical theory 
lead to detailed predictions from which working 
machines can be designed, machines which without 
the theory no one would have thought of m a million 
years, then indeed one knows that one lives in a 
universe which is rational and that one has found the 
key to one of ita rooms. 

From this Bir George goes on to refer to some of 
the ways in which scientific knowledge has influenced 
and is influencing thought and the intellectual climate 
of the world. He believes that the quantum theory, 
for example, which bad forced physicists, some of 
them very unwillingly, to believe that fundamentally 
the laws of physice are not statements of what must 
happen, but of the relative chancea of a variety of 
alternatives, made quite a difference to the way one 
regards the universe, and that ita consequences are 
still not realized by the average educated man. Yet 
theese new ideas which science has provided, and 18 
providing, new ideas tued closely to experience of a 
special character, constitute an achievement of which 
man may well be proud. It is surely something for 
beings; so utterly insignificant compared with the 
smallest of the stars that are scattered with reckless 
abandonment in the heavens, to be able to under- 
stand some at least of the prmciples which control 
their existence. 

Sir George disclaimed any understanding of the 
relation between scientific concepts and reality, and 
some philosophers may well find the earlier part of 
his addrees provocative. It was not, however, the 
philosophy of science that he was concerned to dis- 
play or the relations between science and philosophy ; 
rather he sought to help some of those not closely 
concerned with science to understand something of 
the achievements of science in human thought, and 
the dependence of technological advance, or the 
increasing control over man’s physical environment 
which technological achievement permits, on the 
advances in the fuller and deeper understanding. of 
the physical world which science continually brings 
to us. ‘The full fruition of scientific work depends 
upon three things: the desire to know, the mitiative 
to find out, and the awareness to apply”; im saying 
this in his tercentenary address to the Royal Society, 
‘Sir Cyril Huinshelwood recognised that scientific 
achievement is the result of the efforta of a small 
mmority. Although Sir George Thomson did not 
attempt quite so large a canvas, his address is no 
leas calculated to win the interest and assist the 
understanding of a wider audience in the work of 
men of science. _ What that small minority can 
achieve, either in the understanding or in the control 
of Nature, depends to some extent on the intellectual 
climate of its time, and the understanding and 
support it receives from the majority. The pursuit 
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of knowledge should, as Sir Cyril implied, no longer 
remam the concern of the few ; but, if the chronicler 
is to give more regular attention to the adventure 
and achievementa of science, if the historian is to be 
induced to examine or record the interaction of 
scientific ideas with those of philosophy, politics or 
religion, much will depend on the determination and 
pertinacity, as well as the lucidity, with which men 
of science themselves seek to interpret the adventure 
of science in human understandmg, no leas than in 
extending our control of Nature to humamty in 
general. As Sir Cyril observed, the propagation of an 
idea demands the right conjunction of unknown 
human factors ; but even when these are propitious, 
nothing will initiate the change save the operation 
of a mmority, perhaps even beginning with an 
individual. But the majority and the mdividual are 
in mutual dependence for, exoept under rare con- 
ditions, the mdividual in wolation is impotent. To 
create mutual understanding and, it might be added, 
confidence, between the creatave minority and the 
majority on which the minority is dependent for 
resources, is an essential task in science as in art; 
and Sir George Thomson's penetratmg expomtion of 
the relations between the two aspecta of science— 
extension of human understanding of the world m 
which we live, and the enlargement of man’s power 
of controlling the material forces and resources of 
that world— best appreciated as af effective egy 
to that end. 


IONOSPHERIC PROPAGATION OF 
ELECTROMAGNETIC WAVES 


The Magnetoonic Theory and Its Applications to 
the fonosphere 
A Monograph. By J. A. Ratcliffe. Pp. x+206. 


(Cambridge: At the University Preas, 1950.) 40s. 
net. 
HE propagation of electromagnetic waves 
through a gaseous ionized medium m the presence 


of a magnetio field is a very complicated problem in 
its full complexity. It 1s fortunate that, for applice- 
tions to the ionosphere, certain simplifications may 
be made. Thus it is rarely necessary to take explicit 
account of the wave character of the propagation— 
attention oan be concentrated on the determination 
of the indices of refraction and of absorption. Even 
go, there is a great number of factors to take into 
acoount and it is extremely difficult to see how cach is 
effective, as well as to be aware of all the different 
possibilities which can arise. It is therefore fortunate 
that one of the most akilful exponents of the subject 
has written this monograph with an eye always 
towards applications to the ionosphere. 

The book is planned on a very systematic bas 
with the careful attention to detail which is so 
necessary in presenting this subject. Om the other 
hand, the treatment is by nó means purely mathe 
-matioal. Indeed, special attention is devoted to dis 
cussing the physical signifloance of the various 
formule and approximations which are introduced. 

The introductory chapter inoludes a historica) 
acoount of the development of the subject, which is ot 


1 


No. azao September 3, 1960 


much interest and includes a summary of the nomen- 
clature which: is used throughout the 
book. Part I is concerned with the derivation of the 
equations. Both macroscopic and microscopic 
roaches to the problem are described in successive 
tera, special attention being directed m two 
following chapters to the discussion of absorption. 

The equations obtamed are complex, and Part 2 is 
devoted to a detailed discussion of this interpretation. 
A gradual approach to the most-general case is 
skilfully employed so that the maximum - insight 
into the gignifioance of the different contributory 
effects oan be obtained. The successive chapters deal 
with the graphical representation when there are no 
collisions, the polarization of the waves, the quasi- 
longitudinal and quasi-transverse approximations, 
the effect of collisions on the indices, some representa- 
tive curves of the indices, and the group velocity. 

A similar gradual approach is used in Part 8, which 
deals with applications to the Earth’s ionosphere. 
Thus Chapter 12 deals with a model ionosphere with 
no magnetic fleld, to be folowed by one m which the 
effect of a magnetio field is included. The concluding 
chapter of this part gives an interesting account of 
the nature of the motian of electrons in the ionosphere 
in the presence of the Earth's magnetic field. 


The last deals with some miscellaneous 
subjecta. ter 15 discusses the question of 
whether the Lorents term should be included in the 


ion for the complex refractive index and 

16 examines the effect of the presence of 
heavy ions. In Chapter 17 the restriction otherwise 
maintamed of desling with a homogeneous medium 
ie ee ee 
are discussed. The final chapter compares and 
pa a, tion thro ratte care 
ionic medium that thro anisotropic 
cian gah cea Geet An extensive biblicgraniy 
is provided. i 
This monograph is a masterly work written by a 
great expert not only in the subject but also of 
exposition. It cannot fail to be of great value to all 
who are interested in the ionosphere and related 
subjects. Its appearance at a time when new poesi- 
bilities of research in radio propagation have been 
opened up through the use of rocket and satellites is 
most opportune. H. 8. W. Massey 


PROPOSALS FOR SPACE FLIGHT 


The Exploration of the Solar System 
By Felm Godwin. Pp. 2004+10 plates. (London: 
Jhapman and Hall, Ltd., 1980.) 385s. net. 
HIS book representa an attempt to outline the 
probable development of astronautics between 


pieced Maria with many detailed accounts . 


are used. The 

discussed is the near-Earth assembly orbit, 
Sisk Wil eeve ce ln Bees ie pa lie. then 
he problems “of. instrumented and manned expedi- 
ions to the Modn -arg reviewed. Next there is a 
sengthy and detailed plan for the exploration of 
vnus, followed by a similar one for Mars. The mam 
ext ends with a long chapter on further possibilities, 
woh as visita to the outer planets, plasma rockets 
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personnel, space warfare and costa, a glossary 
and a full index. 

Although inevitably there is much that is specu- 
lative in the book, the factual detail is piled up with 
such convincing realism that the reader is often 
persuaded to disbelief. Many authors of 
books on space flight give the unfortunate impreasion 
that to travel enthusiastically is better than to arrive, 
but Mr. Godwin’s expeditions have a clear aim—+to 
make thorongh scientific Investigations of the planets 
—and travelling is merely the means to an The 
author writes in the present tense, as if all the com- 
plex operations he describes were matters of routine, 
and for him there is no gap between the possible and 
era ical. This might be thought s fault, and 

uted to his youth—for he wrote the book 
boiro distagen of eroa And aigutses: But in a 
book about the future, there would seem to be no 
harm in izing the truth that the technological 
impostibilities of one generation are the common- 
places of the next. It must be emphasized, too, that 
the author has voluntarily limited himself to fore- 
seeable techniques: with the development of unfore- 
seen ones, his plans may come to seem timid rather 
than over-ambitious. 

Mr. Godwin evidently has a wide knowledge of 
moet aspects of space technology and physics, but 
there are plenty of flaws to be found among the 
crowded detail of the book. His schemes, though 
ingenious and well thought out, are sometimes out 
of touch with present practice: for example, solar 
batteries are not mentioned except in a brief para- 
graph on p. 124, though power supplies are often 
discussed earlier. He relies too much on spece-flight 
books of the early 1950's, some of which are now 
seriously out of date. His use of symbols is undis- 
ciplined ; for example, the symbol a on pp. 24 and 
25 is not only undefined but has two different 


returning space ship, seam to be erroneous: the 
faikee'a’ weight, could “be, eedused: by a. factorial 
about 8 if the transfer were made near perigee. One 
could go on finding fault in this way, but such flaws 
do not destroy the book’s real merit of providing & 
logical and well-founded outline of the probable 
future exploration of the solar system. The reality 
will, no doubt, be different, but only because 
of advances not yet predictable. 
D. G. Kine-Hatz 


GENERAL AND LINEAR CIRCUIT 
sa _ THEORY 


General Circuit. Theory 

By Prof. Gardon Newstead.” (Methuen’s Monographs 
on Physical Subjects.) - viit144. (London: 
Methuen and Coi; Ltd. ; ew. York: John Wiley 
and Sons, Ifc., 1958.). iss. net. 


HIS book is a welcome addition to-Mothuen’s 

series, of PTa A aS sane subjects. Prof. 
Newstead “has “undertaken ambitious. ‘project 
oe Galicia = Gace eee cee in 140 small 
pages and has succeeded to a remarkable extent. 

It might have been better to have expanded the 
book into ‘two volumes; one for steady-state theory 
and the other for transient. theory. The euthor 
would then have been able to develop his generaliza- 
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TENE N ET E T tas 
been easier to follow. In its present form the book 
is scarcely suitable for those seeking an introduction 
to the subject. and.is more suitable for experts. 

. The starting point of the book is the linear differen- 
7 _ tial equstion for two termmal networks : 


t= È aps 


E EET OT T ARS negative integral values 
and D = djdi. The bulk of the book is confined to 
the’ trektmient of the linear circuit theory following 
from this‘equation and Kirchhoff’s laws. The author 


©: allows himeelf only ten pages in the last chapter to 


deal with non-linear , but gives here a most 
attractive presentation o "the methods used for 
- tackling non-lmear problems. The importance of 
this ever-growing class of problems is scarcely under- 
lined by such a meagre allocation of ee 
to be hoped that another monograph 
author will soon appear providing a gaelic 
treatment of non-lmear problems. 
In the first three chapters of the present book 
the author develops fram the above basic equation 
the concept of circuit components and then 
with the development of general network theorems 
and the treatment of the 4-terminal network m the 
steady state. There follows a chapter on “The 
Fourier Integral” and the treatment of network 
transients. 
The book is mainly mathematical in character. 
A. H. M. ARNOLD 


CHEMICAL PHYSICS COMES OF 
AGE 


Advances in Chemical Physics 

Vol. 1. Edited by Prof. I. Prigogine. Pp. xi+414. 
87s. VoL 2. Edited by I. Prigogine. Pp. ix+413. 
87s. (New York: Interscience Publishers, Ino.; Lon- 
don : Interscience Publishers, Ltd., 1959.) 


URING the past fifty years we have seen the 
development of several new branches of 
chemistry—physical chemistry, radiation chemistry, 
chemistry. All of them were associated with 

moursion of new physical techniques or mathe- 
matical theories, and their subsequent exploitation 
within the total framework of chemistry. Chemical 
physics is a very vigorous child, with parentage in 
physics and mathematics as well as in conventional 
. chemistry.. At the research-level it is well catered for 
by the American Journal of Chermical Physics, the 
British Moleoular Physics and other journals else- 
where. But the time has come when no one can follow 


Theæ two volumes follow the general style and 
` format of other sets of “Advances in . Each con- 
msta of a series of ten to twelve articles, written b 
someone working in a particular section of the 
and setting out the major developments in the pre- 
ceding years. The articles are very varied in topico— 
from isotope effects in chemical kinetics, through the 
electronic description of atoms and molecules to 
nuclear quadrupole resonance and olathrate solu- 
tions. They also vary in length—from 15 pages on 
transport theory in binary liquid solutions to 116 
devoted to what is probably the most complete 
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E lutherto presented of the caloulation of. 
correlation energy in many-electron problems. Bome 
of the eesays are easy to read, such as Bright Wilson’s 
account of the barriers to internal rotation; others, 
such as Kihara’s on the non-additivity of inter- 
molecular forces, are much more diffloult. 

Prof. Prigogine, who edita this series, has started 
well. His choice of authors is exoellent, and the range 
of topics almost entirely suitable. One is tempted to 
say that there is now developing a rather olearer 
ry baa of what ‘chemical physice’ really is. It 

defined by no one, but has grown with the 
subject. It is not chemistry, because continually 
physical concepts and techniques are used. Nor is it 
physica, because the and thought-forms of 
chemistry belong to it. It ia an outlook—a way of 
looking at thinge—with a oertain degree of austerity 
eee a a 
with enon, even when you 
cannot completely balvlate it (as befits chemistry). 
It makes unashamed use of mathematics, yet_ the 
mathematios is never the raison d'&re. There are.as 
yet practically no university chairs in it: but ite 
arrival (so well documented in these annual volumes) 
has probebly made as much difference to chemistry 
as any development since the atomic theory. Long 
may we continue to look for convenient summaries 
of its progress, similar to these present ones. 

C. A. Coulson 


MOLECULAR GEOMETRY 


The Determination of Molecular Structure 

By P. J. Wheatley. Pp. vii+-268. (Oxford: Claren- 
don Pres; London: Oxford University Press, 
1969.) 85s. net. 


DISOONOERTING modern trend which this 
book serves to underline is the i 
b scientifio outlooks of the workers in 
different branches of chemistry. They tend even to 
attach different meanings to the words they use. For 
many decades past the classical organio chemist has 
used the expression ‘molecular structure’ to denote 
the arrangement of atoms in molecules and the 
manner in which they are linked. Mr. Wheatley uses 
the term in the more precise sense of configuration 


. and molecular dimensions. From this point of view 


he is no doubt justified in his reference to the “un- 
certainty attached to many chemical argumente’’ 
anc in saying that “nowadays an appeal is almost 
always made to the more reliable physico-chemioal 

methods", ‘Bus the hráditional dhamical methods of 
determining molecular constitution are by no means 
obsolete, and there is. no immediate prospect that 
they will soon be ed. 

To the theoretical it may well be true that 
“the object of any scientific experimentation is the 
elimination of farther experimentation”. This ir 
another respect in which the guthor’s attitude is very 
different from those who pursue other branches off 
the science. 

Mr. Wheatley’s book gives a briefand interesting. 
survey of modern physical methods used in determ 
ining the sizes and shapes of molecules. There art 
a section on spectroscopic methods (excluding ultra 
violet absorption), @ considerable section on dif 
fraction methods (mainly X-ray diffraction of crystal 


but including. also electron and neutron diffraction 
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_and a third section on miscellaneous methods, 
‘includmg dipole moments and nuclear magnetic 
resonance. The approach is ‘theoretical rather than 
practioal but oare is taken to indicate the types of 
information that oan be obtained by the application 
of the methods discussed. At the end of each chapter 
are usefal references to more extensive publications 
on the subjects under discussion. J. W. Ooox 


GENETICS OF CONTINUOUS 
VARIATION 


Introduction to Quantitative Genetics 
By D. 8. Falooner. Pp. ix+865. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1960.) 385s. net 


HE genetical study of continuous variation has: 


had a somewhat chequered career. To Darwin 
this was the variation that mattered above all, and it 
was the variation to which Galton and later Pearson 
devoted them unsuccessful efforts to work out the 
principles of heredity. To the early Mendelians, 
however, ıt was, one feels, a uzsle and even a 
nuisance, intractable be the antics and a source 
of acid dispute. True, the basis for understanding its 
determination and properties was laid down durmg 
this period ; but its experimental study was so much 
more tedious and ita theory so much more mathe- 
fnatical that for several decades it just failed to hold 
ite interest in the face of the more classical type of 
genetical study. Now the situation has changed 
again. The signifloance of continuous variation in 
wid populations and ita key importance for plant and 
animal breeding are fully recognized, and the past 
fifteen years or so have seen a tremendous growth in 
its genetic study. Ita problems and perhaps even more 
its analytical techniques may still set it apart as a 
somewhat specialized branch of genetics, but it is as 
essential to an appreciation of the science at one end 
as call chemistry, deoxyribonucleic acid and gene 
structure are at the other. 

Dr. Falconer has now given us & text-book of, as he 
terms it, “Quantitative Genetics’, and we are 
indebted to him for it. It is a noteworthy book in 
several ways. T'o most biologista it will read more like 
a text-book of physics than like the type of biological 
literature with which they are familiar, so much is 
mathematics an integral part of the structure. Yet 
we should be grateful that the mathematics is never 
oppreesively advanced or complex—a virtue which 
will be acknowledged the more readily by those who 
have attempted other texts in this fleld. Within its 
ambit it covers the ground admirably, and its length 
serves only to indicate the amount of ground to be 
covered. The behaviour of genes m populations, 
variation, heritability, selection, inbreeding and 
heteroeis, particularly as they appear in animal 
experimenta, are all dealt with lucidly as well as 
oe: indeed in places, as where family selection 

is analysed and discussed, the treatment is of a 
notably high order. .< Otcasiomally sa laxness of 
expresion creeps ‘in, as where it is said that the 
“partition of (phenotypic) variance into genotypic 
and environmental components formulates the pro- 
bler of . . . the relative importance of genotype and 
environment in determining the phenotypio value” — 
surely one of the oldest non-sequitur in the history 
of genetics. At times, too, the argument is more than 
a little tendentious ; but these periodical blemishes 
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can- weigh only lightly in the balance see the 
generally consistent quality of the book. 

The risk of a book such as “Quantitative Genetics” 
lies elsewhere, in its very success in presenting the 
mathematically analytical. approach. ` Mathematica 
has a charm of its own, in the clarity, generality and 
finality with which its conclusions emerge. These, 
however, can never be sounder than the evidence, 

and concepts fram which they are derived, 
and the charm becomes merejricious if it blinds us 
to the limitations of the situations, the complexities 
of the relations or the uncertainty of the premisses we 
are explormg. Dr. Falconer, for example, spends 
little tome on linkage: he largely contents himself 
with reiterating the charge that mathematics has 
shown ıt cannot have much importance m relation to 
selection while ignoring the experimental evidence 
that it is in fact not so lightly to be dismissed. He 
discusses correlated response to selection wholly 
in terms of pleiotropy, which is easy to handle by 
correlation technique, but overlooks the cases where 
linkage supplies, to say the least, a much more 
satisfactory Interpretation of the experimental resulta. 
He argues for a simple relation between heterozygos- 
ity and fitness but barely mentions the self-fertilixi 
planta which show that this relation must itself be the 
product of natural selection in the past. He states that 
the genes governing number of bristles in Drosophila 
this character is selectively neutral by postulating 
hypothetical pleiotropic effecta of these genes while 
supporting his view by reference to evidence which is at 
least as readily interpretable in the opposite way. 
In justice to Dr. Falconer it must be said that most 
of these opinions are to be found in the final chapter, 
which he himself describes as setting out his own views 
on controversial topics. This is a praiseworthy 
warning, for indeed whatever disagreement we may 
feel with these final sections should never be allowed 
to blind us to the great value of the other nine-tenths 
of the book, or to the debt we owe Dr. Falconer for so 
ably presenting the subject, especially as it a to 
the animal geneticist, for the benefit of all our 
students. KENNETH MATHER 


THE YELLOW FEVER MOSQUITO 


Aédes aegypti a A 
The Yello Mosquito—Ite Life History, 
Bioncenioe anil Structure. By Sir 8. Rickard Christ- 
ophers. Pp. xii +739. (Cambridge: At the University 
Preas, 1960.) 75s. net. x 
HE yellow fever mosquito is & most ‘appropriate 
subject for a large treatise. Of all mosquitoes it 
is that most easily maintained in culture in the 
laboratory. Its most characteristic breeding site is 
the small tree-hole containing an ounce or two of 
water, very liable to dry up. The eggs stranded under 
these conditions can withstand desiccation for many 
months and hatch in a few minutes when immersed 
in water; abundantly fed, they reach the adult 
state in a few days. It is therefore a most valuable 
experimental animal upon which much of our know- 
ledge of the physiology of mosquitoes in general has 
been based. It has been extensively used as a test 
object for insecticides and repellents. 
Few insects have suffered more at the hands of 
taxonomists than this mosquito. It is now generally 
known us Aédes aegypti Linngus 1762. It may or 
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may not be the insect briefly described by Linnaus 
under that name—but after so many tiresome 
changes it 18 to be hoped that the name will stick. 
Aedas } occurs throughout the entire tropical 
belt around the globe, and extends for a variable 
distance into the subtropics. Throughout most of ita 
Tange it is a domestic insect, rarely breedmg more 
than a few yards from human habitations. It was 
incriminated by Reed and his colleagues (1900) as the 
carrier of urban yellow fever ; it also carries the virus 
of dengue fever. It is therefore an insect of great 
importance to mankind. 

The effective control of Aedes aegypti in Havana and 
Panama, with the elminatıon of yellow fever, gave 
promise that the disease could be eradicated from the 
New World. But the attempt at eradication by the 

“Rockefeller Foundation brought to light the existence 
of & sylvan form of the disease maintained by other 
m i in monkeys and other mammals im the 

-junglo and spreading only occasionally to man, and 
go to his domestic mosquito. The same epidemiological 
pattern has been found in tropical Africa ; and rural 
forms (genetic strains) of Aedes aegyptt “have been 
recognized which can also be involved in the trans- 
mission of the rural disease. 

As the years have passed the subject of yellow fever 
and ite main carrier has become ever more oom- 
plicated. It will be a great boon to have this erudite 
and practical treatise on hand, dealmg as it does with 
all aspects of the morphology, physiology, biology 
and oontrol of Aedes aegypti (much of the morpho- 
logy being original), written by an author who has 
bean an authority on mosquitoes since he was & 
member of the Malaria Commission of 1899-19032, 
combining & sense of history with a good account of 
the most modern work, and beautifully produced. 
It will not be difficult to find amall omissions of recent 
work, but it is to be doubted whether any other 
author could have written such a well-proportioned 
survey of this many-sided subject. It was a wise and 
generous decision of the Rockefeller Foundation to 
make poesible the publication of this book. 

V. B. WIGGLESWORTH 


EMBRYOS OF BIRDS 


The Avlan Embryo 

Structural and Funotional Development. By Prof. 
Alexis L. Romanoff. Pp. xvi+1305. (New York 
and London: The Macmillan Company, 1960.) 210s. 


OME ten years ago, Prof. Romanoff, who holds the 
chair of chemical embryology at Cornell University, 
published in collaboration with his wife a massive 
compendium on the avian egg. He has now proceeded 
to a detailed consideration of the embryo within the 
egg. Embryos of the domestic fowl have been perhaps 
more widely and thoroughly studied than those of 
any other vertebrate. Romanoff’s monograph is 
certainly the most complete that yet existas in this 
field. Moreover ıt covers the embryo not only of the 
fowl but also those of all other birds in eo far as they 
have been studied. It is therefore an invaluable work 
of reference, and there can be no embryologist who 
does not feel a debt of gratitude to the author for the 
-enormous labour which must have gone to ita oom- 
pilation. 
Romanoff states that m the preparation of this 
book rt was necessary to make a oritioal study of 
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more than 7,000 original publoations, about two- 
thirds of which were written in languages other than 
English. Of these only some 2,700 are cited m the 
text; but that is already a much more extensive 
bibhography than is available elsewhere. Moreover, 
the list of references 18 at the same time an author 
index, giving reference to the page of the text in 
which the work referred to is discussed. One perhaps 
slightly odd feature of the bibliography is that no 
mention is made of the other recent monographic 
works on the chick, such as Hamilton and Ham- 
burger’s revision of LiJlie’s book, the Willier-Weise- 
Hamburger ‘Analysis of Development” or my own 
“Epigenetios of Birds”. On the other hand, the 
references to original publcations give evidence of 
truly catholio reading, and will be found particularly 
valuable by Enghsh ing readers to whom the 
contributions published m other languages may not 
be so easily available, 

The first three chapters cover the reproductive 
cells (70 pages), fertilization and fertility (40 pages), 
and early morphogenesis (about 95 pages). In the 
last-named chapter it is i ly gratifying to see 
full acoounta of the work of the real pioneers of the 
modern period of our knowledge of gastrulation and 
associated processes in the ohick, such as Grdper, 
Wetzel and Pasteels, which in some of the recent 
American monographs has tended to be somewhat 
neglected in favour of more recent American work. 
The experimental studies on these stages has also 
been very well reviewed. It is perhaps noteworthy 
that Romanoff does not use, and so far as I can 
make out, does not even mention the conventional 
numbered stages into which the development of the 
chick embryo has been divided, for example by 
Hamburger and Hamilton. Personally, I find the 
use of such stage numbers an unnecessary impediment 
to ease of un . If one refers to an embryo 
as in the long streak stage, the head process stage, or 
the three somites stage, everyone knows mmediately 
what is meant, whereas reference to stage 13 conveys 
nothing exoept to the ert and saves only a minimal 
amount of breath or printer’s ink. However, many 
ecobryologista appear at the present time to favour 
the use of numbered stages, and it would perhaps 
have been valuable if Romanoff had at least hated 
them. 


After these three introduotory cha there follow 
more than 900 pages devoted to the iption of the 
development of the various organ includmg 
the extra-embryonio membranes. It is clearly 


mnposable to review these m detail; it can only be 
said that a vast body of information is here assembled 
together and that the ohoice and ent of 
materials show evidence of a good critical insight. A 
subject index of more than 60 pages in addition to the 
bibliography author-index make it possible for the 
reader to find his way about. The book also contains 
some 440 illustrations which comprise in all more than 
2,250 separate drawings. In spite of the size of the 
book these have had to be reproduced on a com- 
paratively amall scale, but they have been re-drawn 
in a simple style so that nearly all of them remain 
quite clear even after reduction. 

Both in the wealth of detail it includes and in the 
balance and fairness of its account, Romanoff’s book 
is far in advance of any previous monograph on the 
bird embryo. It will certamly remain the standard 
work of reference in this fleld for many years to come, 


C. H. WADDINGTON 
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ASPECTS OF PLANT AUTRI HON 


Nutrition of the Legumes 


by Prof. E. G. Hallsworth. Pp. x+360. (London : 
Butterworths Scientific Publications; New York: 
Academio Press, Ino., 1958.) 55s. 


Utilization of Nitrogen and [ts Compounds by 
Plants 


Symposia of the Society for Experimental Biology, 
No. 18. Edited by H. K. Porter. Pp. vii+885. 
(Cambridge: At the University Prees, 1959. Pub- 
lished for the Company of Biologists on behalf of the 
Society for Experimental Biology.) 50s. neb. 


ee ee ee ee 
for Experimental Biology and the Agricultural 
t of the University of Nottingham can 

olaim a high degree of success for those they organize 
in their respective flelda of interest. In 1958 the 
bi neki pir o Nn ea 
mental Biology of the University of No 
Fifth Easter School in Agricultural Science 


legumes, the subject of the latter, the uptake and 
utilization of nitrogen, the subject of the former, must 
obviously demand a leading, though by no means 
exclusive, part. 

e In the Nottingham Easter School the various 
aspects of legume nutrition were well covered by the 
twenty-four papers provided by the various oon- 
tributors. These papers were classified in five groupe : 
the plant isanpeéad, dhe riieobiel commmonand, the 
symbiotic system, biochemical aspects and field 
i from 


particular attention being given to micronutrients 
and aluminium. Among the second _ were 
contributions on the classification of ia, 
the physiology of ape SS the survival 
of the root nodule bacteria outside the host plant 
and a general consideration of the ie marten fixation 


and peptide bonds, the formation of alkaloids, and 
the relation of nuoleic acids to plant growth and 
development, were among the subjects of the twenty 
` papers contributed to the Symposium. 
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experts 

in their various fields. As such they 
es th of mformation on the nutrition 
the Leguminosae and the utilization of nitrogen 


Finland, Germany and the U.8.8.R. WALTER BTILES 


PARASITIC HELMINTHS 


Medical Helminthology 
By Dr. J. M. Watson. Pp. xi+487. (Landon: 
Baillidre, Tindall and Cox, Ltd., 1960.) 84s. 
On ee i ee 
work that has been done in the past half-century 
on the human diseases caused by helminths is not 
an easy task; and when an author includes, as 
Wataon does, references to diseases caused in other 


pe PAOR of 
his subject. He was penior helmint 


University of Beirut, and the manuscript of it has been 
checked by, English, Canadian and American, experts 
whose names are household words in the field of 


parasitology. 
Part I of the book is a general introduction to the 
the comparatively brief 


ical distribution of the 
Paare skaer hae ys eot man. In the bulk of 
the book (Part 2) the author gives an acoount of the 
helminths themselves, arranging theee, not, as most 
text-books on this subject do, „according to their 

to the tissues 


rapid 
knowledge of vectors and anthelmintics. 
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It 18 not possible, in a brief review, to discuss 
deteil in a book as extensive as this one and, in 
any event, the criticism of detail is best left to 
the teacher or the research worker who uses the 
book and advises studente about m. But a word 
must be said in praise of the 62 figures, most of 
which are made up of several individual line drawings, 
among which are silhouettes of parasitic helminths 
which give ther natural size, a useful feature which 
qppeara in other books, but not to the extent to which 
it 18 here employed. The production of the book must 
also be praised ; ıt is well printed, in clear type, in 
parallel columns on & large page and, unlike some 
very heavy text-books on this subject, it is delightfully 
light. G. LAPAGB 


PLANNING FOR THE CHANGING 
WORLD POPULATION 


Our Developing World 
By Prof. L. Dudley Stamp. Pp. 195. 
Faber and Faber, Ltd., 1960.) 21s. net. 


Pre DUDLEY STAMP gave the Patten Founda- 
tion Lectures at the University of Indiana in 
1950. These lectures were expended and published 
in 1952 by the Indiana University Prees and the 
American Geographical Society under the title 
“Land for Tomorrow”, and were revised for the 
English edition “Our Undeveloped World”, published 
in 1958. 

Rapidly changmg world populations, land-use 
values and food supply, urbanization, and new de- 
velopments in farming, in mechanization of agricul- 
ture and in plant and animal genetics during the past 
seven or eight years have made further revision neces- 
sary, and “Our Developing World” now appears as 4 
new book emphasizing the same fundamental point 
of view of the author on the ever-increasing pressure 
of population on land resources and incorporating, 
where appropriate, much material from the two 
earlier books, but also briging new thought to the 
problems of under-developed lands. 

At the present rate of increase, world population 
will be doubled m leas than forty years. This problem 
and its related one of planning land use are oon- 
sidered on the world-level, the national level with 
extremes of wealth m some countries and poverty in 
others, the regional level and local level. Farming is 
rapidly becoming a specialized industry. The pro- 
portion of population engaged in farming is de- 
creasing almost all over the world, and while the 
movement is generally away from subsistence 
farming to commercial agriculture it must not- be 
assumed that imoreasing industrialization and de- 
creasing agriculture are necessarily the panacea for 
all ills associated with, under-development. 

Increasing urbanization is a pressing problem, and 
growth of cities cannot easily be limited. _ Efforts 
should be directed towards improving the urban 
‘environment as part of a correct land-use programme. 
The need for mapping the present distribution of 
population is as important as that for mapping the 
use of land, and a Commission has been set up by the 
International Geographical Union for the study of 
this problem. The geographical distribution -of pests 
and diseases in man, i and crops is another 
contributory study to population and land-use 
problems. ; as ; - 


(London : 
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Prof. Dudley Stamp’s conclusions are that world 
starvation is not just around the corner, that the 
population of the Earth could be increased to many 
times ita present number without starvation provided 
man-made barriers are broken down and food is 
produced efficiently by a comparatively small number 
of specialist farmers. M. K. Mune 


CONTINUITY IN A SMALL 
PACIFIC ISLAND 


Social Change in Tikopla 

Re-Study of a Polynesian Community. after a Genera- 
tion. By Raymond Firth. Pp. 360+ 8 plates. (London: 
George Allen and Unwin, Ltd., 1959.) 458. net. 


TKOPIA is an isolated speck of land seven miles 

in ciroumference with a population of fewer than 
2,000 souls; ıt is one of the smallest of the small 
islands on the periphery of the British Solomon 
Islands Protectorate, of which entity it has been 
politically since 1898 a remote outlying fragment. 
The nearest land is another islet, Anuta, 70 miles 
to the north-east ; the nearest administrative offloer 
of the Protectorate resides at Vanikoro in the Santa 
Cruz Group, 130 miles away; it is 500 miles distant 
from the Solomon Islands proper. 

This dot ın the Pacific Ocean is inhabited by a 
community of Polynesians left behind durmg the, 
great migrations that led the main branches of the 
race on to Samoe and Tonga, the Ellice and Cook 
Islands and Tahiti, to Hawaii m the north, New 
Zealand in the south and Easter Island in the far 
east of the Pacific. Cut off since those migrations 
from the centres of Polynesian life, the people of 
Tikopia and of the other islets in the Solomon Islands’ 
“Polynesian Fringe” have continued to lve in 
isolation as they had always lived ; even in the first 
half of this century they were seldom visited more 
than about once a year by a Mission ship or a govern- 
ment officer. Before the Second World War, prac- 
tically no Tikopians ever left their island (except per - 
haps for a temporary sojourn in Anuta) to return 
with new ideas from the outside world of other Pacific 
islands, for a paternal if distant Government wisely . 
forbade recruiting-veasels to take them away to work 
elsewhere. : 

Tikopia was therefore the perfect subject for a 
detailed anthropological study; and in 1929 Prof. 
Raymond Firth concluded a long and solitary 
reaidence with this amall, homogeneous and hitherto 

community; the principal findings of 
his study were published as a substantial volume in 
1936 under the title “We, the Tikopia”. After an 
interval of twenty-three yeara be decided to re- 
investigate the Tikopians (on this ceria in the 
company of a colleague) partly “to throw some 
further Tight on the analysis of the dynamiœ of 
small-scale integral social systems”, but more par- 
ticularly to ascertain what had happened to these 
hitherto sheltered islanders in period that had seen, 
owing largely to a world war,-such drastic changes 
m other parts of the Pacific. f 

What did he find? The first and most obvious 
impreasion was the ead destruction wrought by a 
hurricane shortly before his return, with its resultant 
grave reduction of foodstuffs end threat of famine. 
He then found, as he pursued his investigations, that 
the War had left Tikopia alone since, luckily for ite 
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people, it was off the line of the Solomon Islands 
campaign. The Tikopians, he says, ‘were spared the 
traumatic experience of most other islands; neither the 
J nor the Americans established a base there”. 

ut he also found that a few of the islanders had, 
after the War, gone to work in the Solomon Islands 
proper ; that the people’s geographical notions, pre- 
viously more or leas confined to Anuta and perhaps 
Vanikoro, had consequently received a modest 
expansion, that Christianity as taught by the Anglican 
Melanesian Mission had increased ite apay over 
paganism, that money was beginning to co-exist 
with barter. 

When Prof. Firth first resided in Tikopia, the men 
of the island presented a striking ap oe of a 
bizarre and unique kind; tall, slim and well-built, 
they grew their hair as long as posible and bleached 
it with applications of lime to a golden shade, so that 
at a distance they seemed to be maned like lions. This 
was still the case when’ I myself visited the island 
more than a decade later, just before war came to 
the Pacific. On his return, Firth found that most of 
the younger men were wearing their hair short, and 
that some of the canoes that came out to meet him 
were paddled by exclusively female crews, “a striking 
cultural novelty”. 

Tikopia is too distant from any Government centre 
and too small for direct administration, even if this 
were thought to be ‘suitable. Thus, the traditional 
gocal forms of autonomy have had the chance to 
survive; and Prof. Firth thinks that, even with 
increasing contact with the Government, the power 
of the chiefs is likely to grow so long aa the Govern- 
ment accepts. their authority. ‘With the clearer 
emergence of the Tikopian Chief as a secular power, 
recognition of him as such by the Government is 
likely to consolidate his general status”. 

Some artista—Tintoretto, for example—work on a 
vast canvas; others choose the technique of the 
miniature. Prof. Firth, in his two major books on 
the Tikopians, belongs to the latter class. He has 
devoted an appreciable period of his life to the study 
of a tmy community—1,200 souls durmg his first 
stay, 1,700 on his return—and he has dealt with it 
in the utmost detail. He has done wall to do so, for 
Trkopia is not only, as he points out, “a highly 
structural society” but it is also a homogeneous one, 
saved by its geographical isolation from the drastic 
and sometimes disastrous changes that the Second 
World War has wrought in other primitive oom- 
munities. He has, by this full account of his return 
to the soene of his former studies, conferred a benefit 
on all studenta of the Pacific. H. C. Luxe 


FACT AND OPINION 


The Anatomy of Judgment 
An Investigation into the Processes of Perception 
and By Dr. M. L. Johnson Aberorombie. 
Pp. 156+7 plates. _ (London: Hutshinson and Co. 
(Publishers), Ltd.; 1960.) 25s. net. 
i ites of this short book is a zoologist who 
has been much concerned with the selection and 
training of medical students. As a university teacher, 
she had become increasingly sceptical about the 
effects of an ordinary scientific education: upon the 
capacity to think, and was therefore led to embark 


upon & most courageous experiment in education. 
This, essentially, was a free discussion class in which 
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a dozen or so studenta were tactfully prevailed upon 
to scrutinize their own processes of observation and 
inference. For example, a discussion built around the 
incidenoe of ‘observer error’ in the interpretation of 
radiographs served to bring out the role of hidden 
inferences in the reporting of ‘facte’. Other dis- 
cussions were concerned with the meanings of words 
(for example, the word ‘normal’ as used in biol 
medicine), with the rationale of classifloation the 
evaluation of evidence. These olasses were certainly 
not meant to provide formal instruction in logic or 
scientific method. Rather waa it hoped that the 
participants, by gaining insight into their own 
preconceptions, would gradually attain a more 
original and genuinely objective approach to scientific 
issues. Although rt is difficult to be sure, there is 
reason to believe that the new method achieved a very 
fair measure of success. 

Although mainly concerned with cognitive issues, 
Dr. Johnson Abercrombie clearly finds it easential 
to devote some consideration to factors of tem 
ment, Indeed she has gone out of her way to 
something of the techniques of modern payohotherapy 
and traces a most interesting parallel between her 
discussion. classes and group psychotherapy. In both 
settings, discussion of topics apparently impersonal 
may serve to uncover securities at a deeper level. 
It follows, therefore, that educational experiments 
of the kind Dr. Johnson Abercrombie describes are 
not to be undertaken lightly. None the leas, if we are 
to make the best of scientific education, it seams 
essential that we should discover ways to liberate the 
student from the security of his accepted patterns of 
opinion and thought. Dr. Johnson Abercrombie’s 
work is at least a first step in this direction and, after 
all, c'est le premier pas qui couts. 

Dr. Johnson Abercrombie’s experience has stimu- 
lated her to inquire seriously into the peychology of 
perception and judgment and to attempt to place 
her findings within a broader psychological context. 
Indeed, the first part of her book rovides a useful 
review of modern work in this fleld, with partioular 
reference to the partas played by attitudes and 
experience in governing perceptual activity. Although 
her account is quite well done, it cannot perhaps be 
gaid to add anything to the numerous accounts of the 
subject already available. The value of this book lies 
above all in the description given of a fascinating 
real-life experiment and in its very real implications 
for the theory and practice of education. 

O. L. ZaANGwILt, 


FRANCIS BACON WITHOUT HIS 
BACKGROUND 
Fraħcis Bacon 


The First Statesman of Science. By J. G. Crowther. 
Pp. xv-+3862+7 plates. (London: The Creaset Press, 
1960.) 35s. net. 

‘HIS big book falls into two parts. The first, 

“For Mankind”, 
Baocon’s scientific achievement. The second- part, 
“For Himself”, offers a biography of the statesman. 
The suggestion, here, that Bacon was in politids for 
private ends, is unfortunate, and does not really 
represent Orowther’s view. For he has written a full 
and sympathetic study of Bacon’s public career, 
which can be read with pleasure and is; in my judg- 
ment, the more successful portion of the book. 


is an attempt to estimate .-- 
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Of the first part it is not possible to speak so 
favourably. The character and the greatness of 
Bacon’s reform of knowledge can only be brought 
out by a strictly historical Before he could 
irradia wring oar cea She philosophy of Nature, 

to break the fetters of the past. These, 
in his view, were a Christian tradition which had 
belied its promise by sinking into resignation ; a Greek 
tradition which had been entangled with Christianity 
by both the Scholastics and the Neo-Platonists and 
had made it still more helpless in the face of Nature ; 
a magical and alchemical tradition which had kept 
alive the dream of a conquest of Nature but was 
vitiated by imposture, obscurantiem and vain-glory ; 
_and’a rhetorical and literary culture divorced from 
the manual arta. How Bacon fought and routed 
these doughty adversaries is a story until recently 
very unperfectly understood ; but it was brilliantly 
elucidated four years ago by Prof. Paolo Rossi, of 
Milan, in his ‘Francesco Bacone: della magia alla 
© scienza”. Crowther is not alone among British 
scholars. ir ignormg Roesi’s book; but he has done 
s0 at his peril. It is the only large-scale advance in 
Baconian studies since Spedding and Ellis. 

Crowther’s approach is unsystematio and unhis- 
torical. He makes no serious attempt to describe the 
ea eee Baconian writings, to characterize the items, 

them, or even to list them completely. He 
does not seek to place them in their context in con- 
temporary culture. His method is to bring 
out of the Baconian hat one topic after another, 
illustrating it by quotation or free -paraphrase but 
never ing ita source. To check him an any 
point would involve an endless chase. The chief aim 
of his study is to direct attention to any advance in 
modern science which can plausibly be a8 & 
lato flowering of some Baconian seed of thought. 
This, though not valueless, is a treacherous game. 
It is not what Pavlov or Sherrington did in the 
twentieth century that makes Bacon great. It is 
what Bacon himself did in the seventeenth. This 
the reader will not find m Crowther’s book, for it 
can only be exhibited against a background which 
he does not supply. B. FARRINGTON 


BRIDGING THE GAP BETWEEN 
SCIENCE AND CHRISTIANITY 


The Spiritual Crisis of the Scientific Age 

By G. D. Yarnold. Pp. 207. (London: George Allen 
and Unwin, Ltd., 1959. Published for the Sir Halley 
Stewart Trust.) 188. net. 


Y and large, Mr. Yarnold’s book could be de- 
scribed as a dissertation upon the theme of 
General Smute’s presidential address to the British 
Association at its centenary meeting, that man’s 
material progress haa outstripped his moral and 
spiritual advance and that advances there are im- 
perative if man is to regain control over eventa. 
Dismiasing as irrelevant any idea of a conflict between 
and science, Mr. Yarnold seeks to 

indicate what that relationship could be in the 
modern world and its bearing on the far-reaching 
crisis, essentially spiritual im character, through 
which the world is passing, largely because of ita 
inability to assimilate new scientific knowledge and 
to direct rightly the new technical skills. In effect, the 
book consists of three casays, the first of which 
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discusses the crigis of which arises in 
considering the order of Nature, the second the crisis 
of belief which confronts us in considering scientific 
presuppositions and some of the cantral doctrines of 
the Christian faith, and the third the crisis of living 
involved in the ethical and moral problems of the 
nuclear age. 

These three aspecte are linked by the logical con- 
nexion between knowledge, belief and practical act- 
ivity and the underlying insistence that the danger 
confronting civilization to-day arises primarily from 
the refusal to confront spiritual issues. Mr. Yarnold 
Welles reason ate but pamuanvely. He suggesta in his 
first easay that to bridge the gap between the sciences 
and Christian theology we need ask no more than the 
acceptance of three simple integrative principles : 
the external world is not self-existent, but is created 
by God; in studying the external world by the 
method of the sciences, the human mind makes 
contact with the divine mind—thus discovery and 
revolution are two aspects of the same encounter ; 
and the fundamental laws of Nature are what they 
are because God has so ordered the world which He 
has created. In his second essay he presents his 
reasons for believing that in its essentials the Christian 
tradition bas been preserved with commendable 
accuracy, and while he recognizes the difficulties 
which the modern scientific outlook places in the way 
of full Ohristian belief, he himself holds that faith 
with intelligence as well aa with conviction. 

Even those who are unable to go all the way witl 
Mr. Yarnold in these interpretations of the world of 
Nature and of the Christian faith may well agree 
with him in much that he writes about the orisis of 
living. No argument as to how far the ethical 
standards for which he pleads can be truly described 
as Obristian ethics can invalidate a penetrating 
analysis of the bearing of respect for human per- 
sonality and the values which characterize the 
teaching of Christ on the problems of living that 
arise in the world to-day. The acuteness of such 
problems is largely due to our failure to notice the 
human problems created by technology until those 
problems have become unmanageable. It is not the 
emergence of entirely new moral problema but the. 
extraordinarily rapid increase in the power which the 
new knowledge has placed at man’s disposal: man’s 
power has outgrown his moral capabilitics. 

On many of the varied aspects of the problems 
that arise in this situation Mr. Yarnold writes with 
insight and sanity, and this easay could well be read 
with profit by many who might be disinclined to 
follow him in the two preceding oæays. Particularly 
on the industrial society he is trenchant and displays 
the critical issues, and on nuclear and dpfence 
he bas words which might well be pandered by same 
of the advocates of unilateral action who are inclined 
to overlook a government's responsibility to 
the lives and property of its nationals. Mr. Yarnold 
ma Ha pe? lacttare Siena hare pee cis polar See 

to Christianity, but he should at least be sure of their 

in the moving appeal of this eæay to bring 
all the moral and spiritual resources at our disposal to 
combet unprincipled private gain and human 
injustice which to-day technical knowledge and skill 
have often enabled to flourish on an unprecédented 
scale. Mr. Yarnold has at the least focused attention 
om same of the fundamental issues of our time as 
well as on the relations between the natural sciences 
and the Ohristian faith with dignity, sincerity and 
scholarship. R. BRIGETHAN 
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NEW HORIZONS IN CHEMISTRY* - 
By Sir ALEXANDER TODD, F.R.S. 


ANIC chemistry is one of the most remark- 
able of all the sciences, and is usually regarded 
by the layman, ag one of the most abstruse and remote 
from everyday life and thought. This view is, perhaps, 
based on ita content of jargon and ite use of abbrevi- 
ated molecular formule as a kind of hieroglyphic 
script. It is diffeutt to believe, however, that a 
science can properly be described as which 
permeates almost every material of modern 
Civilization, which stands as the bridge which links 
the physical with the biological sciences, and which 
is, perhaps, the biggest of the sciences in ite factual 
content and m the number of its adherents. Organic 
chemistry is, perhaps, the most logical of the scignoes, 
and in ite history of about 150 years it has suffered 
fewer theoretical upsets than other sciences. It is a 
remarkable fact that the whole towering edifloe of 
the subject resta essentially an three basic concepts 
propounded im the third quarter of the nineteenth 
century, namely, the concept of fixed one 
of valence due to Frankland, Kekulé— 
Bere tins ot tha A iner pie paR 
capacity of carbon atoms to join together into chains 
and rings, and the theory of the tetrahedral carbon 
etom due to van't Hoff and Le Bel which gave us 
All these were purely 
empirical, but they have stood the test of time, and 
on them the whole of modern organic chemistry 
rp oe A Se ve occurred since they 
ware first entmaisted, but these have been essentially 
giving more precise meaning to them and 
have in no way upset or destroyed ther validity. I 
doubt whether the same claim could be made of any 
other science. 
There have been two definitions of organic chein- 


mpounds”. 
valid ; but neither is wholly satisfactory, since the 
first 18 too restricted and the second is in certain 
pial god o eas A very large number of known 
carbon compounds are of purely synthetic origm and 
do not, ṣo far aa we are aware, occur in living matter ; 
but it is undoubtedly true that the study of sub- 
stances which are found im living organisms has 
provided most of the major stimuli to the advance 
of organic chemistry thro ut ite history, and there 
is little reason to believe this will not continue 
to be the case. After all, it was Pasteur’s work on 
the tartaric acids from wine that led to the van’t 
Hoff-Le Bel theory, the anthraquinone dyestuffs 
stem from Graebe dnd Liebermann’s work on alizarm 
from madder root, and work on polymerization and 
plastios goes back to the studies of Harries on natural 
rubber. Many other examples could be quoted, but 
I shall mention only one other because it is probebly 
not very well known. It was the work of Windaus 
on the isomeric sterols that influenced Hiickel to 
Ju apitanes of a Royal Society Tercontomary Lecture daltvered on 


systems and through this developed in the 
fee Ge a ce eee of Hiei Sep aaa 


of conformational analysis in reduced 
iy acho and 


agpect of stereochemistry which has in recent years 
exerted & profound influence over e very large area 
of organic chemistry. 

The direct study of substances present in living 
matter—broadly described aa natural producta—in 
the sense of their structural elucidation and total 


pines 
GE Suid tha oars fase OE ara 
oe i ee ee ee 
the point at which natural product chemistry could 
of success. This is not 


nineteenth 

of many of them ensured that some attention was 
Pe ee ee a ee 
that physiological chemistry and, in due course, 
biochemistry developed. To-day, with the develop- 
ment of natural uct chemistry, it is interesting 
to see how the tion, between organic ohem- 
istry and biochemistry is agam becoming blurred— 

and with considerable advantage to both sciences. 
Not only science as a whole, but also individual 
solences, tend to advance irregularly on a broad 
front, and during any one phase of development 
are always individual im who stand 
apart and who break new ground or who see new vistas 
or horizons not apparent to others at the time. For 
bead reason it is difficult—especially with recent 
Re a a 
ut in broad terms it seems to me that ` 
Ging io fra thirty: years. T present 
dealmg with natural 


them to the point at which the synthesis of molecules 
a8 fagar as cholesterol, afra 5 oui 
and a number of the coenzymes, bas been realized. 
But since the mid-thirties, slowly at first, but later 
with increasing rapidity, interest has been moving to 
& study of structure in relation to function among 
natural producte. It is this which has taken organic 

much oloser to biology than it has ever 


in 
relation to structure that ja bringing the biochemista 
closer to their organic chemical colleagues, to the 
advantage of both. The way in which organic 
chemical, biochemical and biophysical studies inter- 
act and ilumine one another has been one of the 
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featurea of recent scientific advances in ? 
a variety of fields of biological mterest,  R'CHOH R'CH-O Pp R'ICHOP(OH), R'CHOH 
and it seams to me that it might be fitting ‘| 9 —» * +ROH—> | + 2 
to try to illustrate some of the now vistas R'CHOP-O- R’CH-O” O7 RICHOH R"CHOP (OHB 


that are opening up by giving & very brief oR 
outline of what has been developing in a 

few fields apparently diverse from a biological point 
of view, but which have a common chemical thread. 
It would be possible to choose a series of random 
topics to illustrate new horizons; but it is perhaps 
more instructive to choose a small group where the 
chemical background 1s common, and I confess that 
it 18 also more mteresting to me to choose one where 
the common background is one with which I myself 
have been associated, namely, the chemistry of the 
organic phosphates 

It has long been known that organic phosphates 
are invariable constituents of living organisms and 
that they have a variety of roles mvolvimg energy 
transfer and the facilitation of both synthetic and 
degradative processes m biological systems. Just 
how or why they do so and why phosphate should 
be found in such complex molecules as, for example, 
the nucleic acids phospholipida, has been very 
much legs clear. a O P EE chemiste 
had paid little attention to the BiA ar 46 
the study of the chemical behaviour of organic phos- 
phates, and in the abeance of knowledge on these 
poimts much careful biochemical work remained 
without a satisfactory explanation. 

My own Ebates i hip fold wus asdused cunt Geer 
twenty years ago. I had been introduced to the study 
of vitamin structure by the late Prof. G. Barger, and 
this ab a time when the relation of several of the B 
group of vitamins to the so-called nucleotide oo- 


diana te at gun ee 
tions aimed at the olarification of this field 
ATAA eL vde AAE AA E necessary: cart OF 
T E a a T 
and the study of organic phosphates. Over the years, 
through the efforts of many devoted and enthusiastic 
colleagues, we were able to make substantial progress 
in our general field of endeavour, but I propose to 
mention here only three features of the work which 
has been carried out. Each of them is really quite a 
simple and straightforward piece of phosphate 
, but each hag a relevance to much wider 
problems which stand in the forefront of modern 
organic chemistry and biochemistry. I shall deal 
with them im turn, endeavouring to show in each 
instance their im 
(1) Hydrolysis of phosphates. The neutral triesters 
ph orio acid are readily hydrolysed by alkali 
ieee: normally resistant 


pproach 
phosphorus atom. 
ROL on” 
RO= P=0 —> 
RO casy 
There is, however, one an of phosphodiester 
which does nos show this resistance and which ig, 
` indeed, very easily hydrolysed by alkali. The character- 
istic feature of this type is that one of the esterifying 
groups bears s ots-hydroxyl in the «-position. 


ROL 
ROS P=0 + ROH 


In such cases the spatial prommity of the hydroxyl 


‘group permits sttack on phosphorus despite the 


negative charge on the anion, and we get very easy 

hydrolysis via a cyclic intermediate, the phosphoric 

acid residue invariably remaining attached to the 

glycal residue. Equally, of course, and for the same 

reason, phogphotriesters containing a ots-a-hydroxryl 

pl ease easily hydrolysed than those which 
o not. 

The recognition of these properties of organic 
phosphates was, in fact, the key to the understanding 
of the structure of the nucleic acids. The two types 
of nucleic acid—the ribonucleic acids and the deoxy- 
Tibonucleio acids—are poty-diesters of phosphoric 
acid of a number of nucleosides 

linkages. These 

case of ribonucleic acid, ribo- 
sides and, m tho case of deoxyribonucleic acid, 
of heterocyclic bases. The conclusion 

that the nucleic acids are linear polyesters with a 
recurring 8’: 5’-mternucleotidio li ©, 88 pro- 
pounded by Brown and Todd in 1951, rests essentially 
on their recognition that the behaviour of ribonucleic 
acid towards hydrolytic agents is that of a phospho- 
diester containing ois-«-hydroxyl groups, wheres 
deoxyribonucleic acids have the stability of a normal 


phosphodiester. 


Es é 
B ' i} 5' Base 2' 4! s! 
H H 
P 
Base a S 
3 Base 3' 
H 
P 


Ribonucleic Acid 


The recognition of the chemical structure of the 
nucleic scids nava the way for the brilliant bio- 


Deoxyribonucleic Acid 


physical and biochemical achievements of recent 
years in furthering our of the key 
position occupied m all living matter these sub- 


must play his part—the reasons for specificity m 

ee E and the determination of nucleotide 
sequence, the mechaniam of protein synthesis and 
the use of template and the fascinating, 
if still distant, goal of the syntheaia of specific poly- 
nucleotides. 

Before leeving the subject of hydrolysis of phos- 
phate esters of glycols, it is worthy of note that this 


hate 
chemistry by 
to a clarification of the apparently confused chemical 
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and biochemical literature stemming from earlier 
investigations. 

(2) Anionic debensylation of phosphates. In the 
of synthetic 


course studies on organic phosphates 
and po tea it was found necessary at times 
to be able to remove ane benzyl group from 4 
phosphotriester to yield a diester without recourse 
either to with alkali or acid or to hydro- 


b is, to bring about the simple change : 
RO RO 
Rot oen p—s Rof on 
Ti paeh phop oae a D e Pay 


group a T gedaan sve 
ene ee Ghany | eroan bame rontad. by 
that of the phosphorus atom. It is thus readily 


æsiy removed and, provided that the other two 
ETOD Ee TO Soeenenes Are mok (for example, phenyl) 


2 ts tans A no) Pee es even 
alkyl groups oan be readily removed by anionic 
fission. An example of considerable interest in con- 
nexion with the relevance of these observations to 
the function of phosphates as biosynthetic inter- 
mediates is the o of my former colleague, 
Dr. Atherton, that geranyl diphenyl phosphate, in 


which the nucleophilic olefinic group is, or can be, 
spatially close to the phosphate gro » undergoes 
cyclization (and also more complex po ization) 


with very great ease. 


Q. olor —> On + polymers 


Organic chemists have long been fascinated by the 
hae relationships between many natural 
datas ove sha ormpormt of one olas 


a sion 6 toe Gales ae gel 
iiti 5 ; 


similar to those commonly obtaining m 
bio Biogenetio theories of this nature 
woro an chemical i 
did not to set out in detail the 
mechanism of biosynthesis, and it was, per the 
Kailure to realize this which led to their by 


some biologists and their too uncritical use some 
shemists. But properly used, these theories have 
beans eas kuil aie oF eea value arie Ur 
mation of structure of natural products. During the 
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past twenty years or so the increasing availability of 
isotopes, both non-radioactive and radioactive, and 
SS a them 

organic compounds and followmg the fate of 
labeloa led stome in biological eysters, has led to a 


several flalds we have now a good deal of 
information, available. Ib should be that, 
while this new work has been gradually revealing the 


pathways to the terpencid and steroid groups of 
natural products, since this provides a particularly 
striking example of the relation between the ‘bio- 
genesis’ of the organic chemists and ‘bi i 

and also indicates, again through a consideration of 
chemistry, a broad fleld of further en- 
deavour. 


The name terpenoid is applied generally to a large 
family of natural products of which the simplest mem- 
bers, the terpenes of formula C,H s, are common oon- 


seaquiterpenes, 

OCyeH,, and the triterpenes, O;,H,,, 

with related alcohols, acide, ete. Closely 

related to them in structure are the carotenoids and 

the steroids.- It was Ruzicka who emphasized the 

biogenetic relationship of the terpenoidsa and showed 

that, so far as their carbon skeleton was concerned, 

they could, in general, be as made up to 

2, 8, 4 or 6 units of isoprene joined most commonly 
head to tail. 





X oO" 
\soprene Terpenes Sesquiterpene Diterpene 
DN 
Ss 


Squalene 


| P i 


Cholesterol P-Carotene 
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The basis of the isoprene rule can be readily 
iated from the sample formulm given, and 
it has been of enormous value in chemical work. 
The reletionship of the steroids to the other 
terpencids is, perhaps, not qute so obvious from 
the formulw, although it was first postulated 
just about thirty years ago on biogenstic grounds. 
The isoprene rule does not purport to portray 
the biosynthetic mechenism, although 1 certamly 
suggests that, even if isoprene itself is unlkely 
to be the synthetic intermediate in Nature, 
some closely related substance 1s likely to be 
involved. 

The unravelling of the actual biosynthetic path- 
way to the terpenoids and the steroids is one of the 
outstanding achievements of recent . True, 
there are some details still to be clarified; but, 
thanks largely to the magnificent work of Bloch, 
Cornforth, Lynen and ther colleagues, the general 
picture 1s now clear. I do not propose to discuss the 
development of their work in detail, but will try to 
give æ brief general outline. It really begins with the 
finding that the cholesterol molecule, and also the 
tri squalene, can be built up in living organ- 
isms from acetic acid—this was demonstrated by the 
administration of isotopically labelled acetic acid and 
elegant degradative studies on the cholesterol pro- 
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ledge of the fiasion of benzyl and allyl esters of the 
phosphoric acids by anions and other nucleophilic 
reagents. Isopenteanyl pyrophosphate (I) can, like 
other simuarly constituted compounds, isomerize to 
66-dimethylallyl] pyrophosphate (II}—and, mdecd, 
the two isomers may exist In equilibrrum. 


9 o CH, (e) $ 
Sc-ch,cH,oP-o-b-on a= encocH,ob-o-B-on 
CH3 H H CH; i bu bu 


I Ir 

In form I we have en allyl ester capable of attack at 
the asterisked carbon by a nucleophile (assuming that 
the ionization of the pyrophosphate residue is suffici- 
ently depressed so that ea of the nucleophile is 
notinhibited), and inform I the unsaturated isopentenyl 
group provides a nucleophilic centre. Reaction between 
the two forms will therefore occur precisely as in the case 

of yl diphenyl phosphate studied by Atherton. 
this way, from two molecules of ‘active isoprene’ 
we obtain geranyl pyrophosphate, from this, with 
another molecule, farnesyl pyrophosphate, and hence, 
by various routes, the whole range of observed 
natural products. It should be noted that such 
intermediates as farnesyl pyrophosphate have, in 
fact, been isolated and that it is possible, by using 
an appropriate enzyme system from rubber trees, to 


duced. Thus, we know that m the rat the cholesterol] make a product mdist. ishable from natural rubber 
produced has the structure shown below, mn which m starting with synthetic tsopentenyl pyrophosphate. 
represents a carbon atom from the OH, N 
group of acetic acid, and o a carbon CH, Hy H,OPOP opof 
` atom from the COOH group. It was next =o poch SHl 5 
found that squalene is an intermediate ra i i + E 
in the synthesis of cholesterol, that is, CH CH, —> 
that it is quantitatively oonverted to A CH,OPOP CHZOPOP 
cholesterol by the rat. This conversion ch, CH, Gerany noch We 
roceeds ın several steps with pyrophosphate ` 
tho formation of lanosterol—although all Sar Serenes Rubber Squäkne 
; , penes 
the intermediate steps have not been t 
i Carotenoids Steroids 


unequivocally fixed as yet. 


Ea a 
a n 
Ay As 
ai Bs. l 4steps Ae 
Cio e 
as ‘7 is Seer 


Squalene Cholesterol 


So far go good—but what goes on between acetic 
acid and squalene ? What us the hypothetical ‘active 
isoprene unit’? It is now known that acetic acid 18 
first converted in several to the sm-carbon 
compound, mevalonic acid, that this seems to be 
converted, through ria phosphate ester, to tsopentenyl 
pyrophosphate, which has been isolated from bio- 
logical systems and identified by analysis and syn- 
thesis. Jsopentenyl pyrophosphate 1s, in fact, the 
active isoprene, and from rt stem the terpenoids, the 
steroids, the carotenoid pigments, and rubber. 

COON 
CH CH 

*S.-cn,cr40h-0-8-on 
Shi H OH 
isopentenyl Pyrophosphate 

‘The mechansm of synthesis from isopentenyl 
pyrophosphate is readily understood from our know- 


OH 

2 

eS CHCH, OH 
cH; 

Mevalonic Actd 


It 18 noteworthy that the convorsion of farnesyl 
pyrophosphate to squalene involves a doubling of the 
molecule, since the latter is symmetrical; the same 
is true of the conversion of the drterpene inter- 
mediate to give carotenoids. As has been pomted 
out by Cornforth, this can be readily explained by 
the so-called farnesol-nerolidol isomerization of the 
Lt baal al ae followed by the seme type of nucleo- 
philic fission as before. 

H3 CH Hs 
R—ĊECHCH:0OPOP-> R—C—CH=CH, + POPOCH,CH=C—R 


POP CH; Cth 
a-t-ch—cn, —cH,tH=t-R 


OPOP | 
i eel 
R~ i + CH=CH-CH, -R 
SPOP |<opop->.< Ht 
3 
Pie SE TS 
ye Ha 
Squalene 


There are still points of detail to be settled im thie 
fasomating story; but the broad picture is there, 
and from it o out & new picture of synthetic 
mechanisms in Nature. Not only can one now begin 
to picture other biosynthetic processes involving 
phosphate intermediates, but, aa I have already 
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‘the essential validity of the biogenetic 
the receives, 


Extensive 
the synthesis of nae and polyphosphates 
fine led to the deyelipaeae ok vases of phos- 
phorylation methods which fall essentially into two 
groups. In the first group fall those methods normally 
besed on agents which can be regarded as derived 
from diesters of phosphoric acid and which proceed 


by expulsion of an anion. 
RO 
Medes bose HX 


RO, 
DE + Ronds 


In methods of the second group, to 
which some of the most powerful 
procedures belong, the active agent 
usually derives from a monoester of 
phosphoric acid, and instead of an 
anion a neutral molecule is expelled— 
for example, in the phosphoramidate 
carbodi-imide and imidoyl phosphate 
methods and in oxidative procedures. 
Much evidence exists for our view 
that in these cases the active agent 
in the phosphorylation is the hypo- 

monomeric metaphosphate 
gOPO,, which reacts vigorously with 
alcohols to give phosphates and 
with phosphate anions to yield pyro- 
phosphates ; 


Me 
Me 


H. 
Me 
Me 


-PL 


Adeno 


In the case illustrated—the phosphoramidate method 
—the ‘activation’ of the reagent is brought about by 
tion. But the same effect could be produced 
withdrawal of an electron; this is, in fact, the 
principle of phosphorylation ‘procedures besed on 
oxidation. One m which we have been pazticalarly 
interested involves quinol phosphates as reagents. 
Quinol 


sponding quinone. Thus: 


You will notice that we formulate this reaction as 
producing monomeric metaphosphate. This is sup- 
Fetes te aoe oi So In, the 

ee which occurs is a 
paca or ge Nr tjon and is not due to hydrolysis. 
Quinol phosphates are very resistant to hydrolysis 
and do not break down in absence of oxygen. 
although qumol phosphates and their monoesters 
both undergo this reaction readily with concomitant 
phosphorylation, quinol phosphate diegters (which 
cannot yield metaphogphate without hydrolysis) do 


“NATURE 


P(O) COH); 


§ io 


828 


not, even in presence of reagents aa powerful as orie 
sulphate. Finally, if quinol phosphates are oxidized 
in aqueous solution in presence of phosphate anions, 
phosphorylation — ocours to 
whereas 


absenoe of phosphate considerable amounta of trimeric 
a SÀ and only a little pyrophosphate are 


These resulta are of great intetest in connexion 
with the biological problem of oxidative Proporre 


“tion in the respiratory an pekoa ia 

the laboratory, we have been able to show that, for 
example, adenosine dip te can be synthesized 
either from a quinol ph te and adenylic acid, or 
from a quinol ester of ylio acid and phoephate 
anion by bromine oxidation. 


O 
[ H 
CH 


H, OPO(OH), 


+ 


~OH 


It is diffloult to believe that there is no connexion 


icipation of which is 
strongly suggested by available biochemical evidence 
9 


MeO 
MeO 


Me CH, 


i s A 
CH,-CH=C-CyH,, 


CH,—CH=C—CH, 
fe) 


_ Vitamin K Ubiquinone (Q9 


ee ee ie evolved an 
ate | 


prophetes, there still remains the problem of how 
sed hosphates are produced from the quinones and 
ae ee ee ee 
S ail It is unlikely that reduction of the 
quinone to the quinol occurs followed by phos- 
phorylation; this could scarcely be done with 
phosphate anion, and introduction of a ‘high energy’ 
phosphorylating entity to bring it about would seam 
ieee ee, 
biological point of view. 

One theoretically possible method would be e 
simple reductive phosphoryletion of the type shown 
below ; but it must be confessed that, desprte-many 
attempts, wo have as yet been unable to dethonstrate 
any such reaction in ones or naphtho- 
quinones under many different conditions. 
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There is, however, another possibility which should 
be mentioned and which is, mdeed, under mvestiga- 
tion by Dr. V. M. Olark in Cambridge now. If one 
examines the structure of vitamim K and the ubi- 
quinones, it is noteworthy that each quinone ring is 
tetrasubstituted and that each has a trisubstituted 
double bond in the ion &:y to the quinone 
ring. If H+ were added to the f-position, a tertiary 
carbonium ion would be produced which should react 
with the oxygen of the adjacent carbonyl group to 
produce the cation IM. 





Evidence for the transient existence of anions of 
_ this type already exists in the related vitamm E 
group, where the substance (IV) has been isolated 
from oxidation of «-tocopherol with ferric chloride in 
ethanol. Attack on (III) by phosphate, followed by 
` reduction, should yield the desired quinol phosphate. 
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If such a scheme can be realized in the laboratory, 
then it would provide a completely rational picture 
of the participation of these complex natural quinones 
im biological oxidative phosphorylation. 


w—_ 
Me O” ~CuHys s 
Me OEt Ry, OPO; Ry OPOs 
IV { 
Me 
H 
Me eno ë 
`R o) R 
1 Opoz 2 R I i H 2 
Ra i bee 


I have tried to exemplify, by talkmg about these 
aspects of the chemistry of organic phosphates, some 
of the ways in which advancing organic 18 
Helene at once to clarify corsain biological problems 

open up new vistas of But 
I should not like it to be thought that these aro the 
only examples I could have chosen, nor that it is only 
through the fleld of biological studies that new vistas 
are to be found. This is far from true, as could be 
shown by considering, for example, some of the 
brilliant recent studies m hydrocarbon, transformation 
and polymerisation. But my own research intereste. 
have lain largely on the biological side of organio 
and I hope, therefore, that I shall be 

forgiven if I have chosen my illustrations from it. 


GEOMAGNETIC STORMS AND THE SPACE AROUND THE EARTH* 


By Pror. SYDNEY CHAPMAN, F.R.S. 
High Altttude Observatory, Boulder, Colorado 


AGNETIC storm’ is the name long ago given to 


disturbance began in the eighteenth century, with 
Graham's oheervations of the compass needle. These 
were made by eye with a microscope. Eye observa- 
tion was later improved by use of a moving spot of 
light on a scale, reflected from a lamp by a mirror 
attached to a needle. This method made serious 
demands on the time of the observers, and gave very 
incomplete information. Yeu it was used aa late as the 
first International Polar Year, 1882-83, although in 
1846 Airy had introduced photographic observing at 
Greenwich Observatory. Through the inventions of 
Gauss, and his influence and that of Humboldt, 
magnetic observatories for the observation of all three 
magnetic elements were instituted im imoreasing 
numbers from about 1840 onwards. Sabine notably 
advanced our knowledge of magnetic disturbance by 
- his studies based on the records of the British Colonial 
Observatories at St. Helena, Toronto and Hobarton. 
. His contribution was largely to the ‘morphology’ of 
magnetic disturbance—ooncerning the distribution 
and changes of the disturbing magnetio field over the 

eee Lonititea deitreren, 
at Queen Mary Oollege during 


surface of the Earth. Later principal studies in this 
field were made by Moos in 1910, by Chapman in 1918, 
and from 1952 onwards by Sugiura and Chapman. 
Sabine, Lamont and others contributed also to our 
knowledge of the time distribution of the occurrence 
of magnetic disturbance. Soon after Schwabe in 1851 
recognized the sunspot cycle, they showed that it is 
manifested also by magnetic activity. Later, the 
tendency to a 27-day recurrence was discovered and 
investigated in different ways, especially by Broun, 
Maunder, Chree, Stagg and Bartels. It was’ inter- 
preted as indicatmg the emission of usoular 
streams from particular areas on the rotatmg Sun. 
These streams produce magnetic storms (or less 
activity) when they impinge on the Earth. Greaves 
and Newton showed that the greatest storms do not 
show this tendency towards a 27-day recurrence. 
They are found to be often associable with solar 
flares. These are believed to involve the ejection of 
limited clouds of gas. The time-interval between 
flares and their associated magnetic storms indicates 
a speed of travel of the cloud of about 1,000 km./sec. 
There is some indication that the gas in the oon- 
tinuing streams may travel rather more slowly. 
How solar streams and clouds are ejected is still 
unknown. Scant visual evidence that they are 
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ejected comes from photographs of the edge of the 
Sun. Solar radio later indicated the rise of gas in the 
atau anes with speeds that would lead to 
escape. The streams may be generally invisible 
because of practically complete ionization of their 
main constituents, atomic hydrogen and helium. 
But the hypothesis of causation of magnetic storms 


phenomenon of the aurora 
polaris. He ascribed them to streams of solar 
electrons. From model iments he inferred that 
the geomagnetic fleld deflect them polewards, 
and that this might account for the existence of the 
auroral zones and other auroral features. Stermer 
developed Birkeland's ideas mathematically. He 
considered almost exclusively the motions of single 
charged icles influenced only by the geomagnetio 
field. - and others attention to 
the importance of electrostatic forces between the 
pertioles in a stream of charges all of the same sign, 
such as Birkeland and Stermer contemplated. They 
urged that such streams could not reach the Earth 
in sufficient density, because the mutual repulsion of 
the particles would disperse them widely during 
their travel. 

Stermer did consider the combined aotion of his 


partially 

He this field with the reduction of the 
Earth’s horizontal force during geomagnetic storms. 
This reduction is one of the most notable features of 
such storms. Though the electric current 
was not a complete ring, it came to be linked with the 
name ‘ring current’. The existence of a ring current 
was postulated by Schmidt on purely geomagnetic 
evidence, without any proposal as to the location or 
origin or detailed nature of the rmg. Stermer’s ring 
current was not a ring. It was situated far from the 
Earth (at a distance comparable with that of the 
Moon). It would greatly alter the fleld in a manner 
inconsistent with its own presence there. Further, 
it could not have the current intensity and 
yet be composed of charges of one sign only. 
Over a period of decades, Størmer studied the 
paths of single particles in a dipole magnetio field. 
The intended explanation of auroral phenomena had 
little succese, but his work proved highly valuable in. 
connexion with cosmic rays—e phenomenon 

when his work began. 

Lindemann (later Lord Cherwell) added an impor- 
tant constructive suggestion to a j destructive 
criticiam of a one-sign stream 


gas. Chapman and Ferraro from 1929 onwards tried 
with some success to develop an inductive theory of 
the events that would follow the impact of such gas 
upon the Earth. In this speculative subject there is 
natural soope for a variety of views as to the signifi- 
cance of their results. To Hulburt a few years ago 
they seemed to be “of merely historical interest”, 
whereas i to some other suthors the 
Chapman—Ferraro work has “dominated the dis 
cussion” of magnetic storm theory for some decades. 
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The chief conclusions reached were that the. 
geomagnetic fleld would ‘oarve a hollow’ in the 
stream, and that electric currents would flow over the 
surface of this hollow, mainly on the sunward side of 
the Earth. These currents shield the volume of the 
stream from the Earth's magnetic feld. Also in the 
parte of the hollow space nearer the equatorial plane 
they enhance the Harth’s field. This is a notable 
feature observed at and near the commencement of 
magnetic storms. Such a current continnes as long 
as the flux, and will vary in intensity with the density 
and speed of the stream particles. It is conveyed by 
the different motions of the opposite charges, protons 
and electrons, near the surface of the hollow. The 
Sharee are ss wipe When ioy Mr lg Ae fi 

uniform magnetic field in the boundary region border- 
ing on the hollow. The particles are turned. back leas or 
more directly, according as their is farther 
from or nearer to the line fram the Sun to the centre 
of the Earth. 

Simple approximate relations were found between 

first- increase of horizontal magnetic force 
in a storm, the density of kinetic energy of the stream, 
and ita distance of closest approach to the Earth. It 
became clear that the electromagnetic phenomena 
that produce magnetic storms and auroras take place 
within a fow Earth radii—of order 3 to 10—from the 
Earth’s centre. This scalo is much less than that 
envisaged in Stermer’s theory, or in cosmic rays, 
which are guided by the Earth’s field through a much 
greater region surrounding the Earth. In a later 
idealized treatment of a problem on the initial 


approach of a solar stream, Chapman and Ferraro ` 
ee T o ee 


determine whether the Størmer eple y ae 
applicable. They showed that for a stream that 


ite charges 

They tried also to infer the further, main, develop- 
ment of a magnetic storm, but were unable to over- 
come the mathematical difficulties involved. They 
made only a tentative suggestion as to how a ring 
current could begin to grow. The value of this 
suggestion, is still uncertain. that in some 
way a ring current is formed, they studied ita stability. 
They oonoeived the current as toroidal in form : and 
the particles, positive Sean ee as moving with 
slightly different speeds around the geomagnetic 
axis, in planes parallel to the geomagnetic equatorial 
lane. 

In 1957 Singer described a different conception of 
the motion and distribution of the energetic particles 
in the space around the Karth—in a region of the 
scale above mentioned. He pictured the particles as 
moving-around and along the Earth’s dipole lines of 
force, to and fro between mirror points in hi 
latitudes, where they attain their lowest levels. 
This motion would be combined with a slower drift 
around the Earth. This drift is eastward for electrons, 
weetward for protons. It seamed obvious that 
this would supply the inferred westward ring 
current. This was later proved by Dessler and 
Parker and by Akasofu, but the cause of the electric 
current proved to be less obvious than at first 


Ferraro 
by the- 
discovery and investigation of the Van Allen belts that 
surround the Earth. The inner, minor, belt seems to 
be due to the decay of upward-flymg neutrons 
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" generated in the Earth's by cosmic rays. 
The outer, major, belt is gen but not universally 
believed to be fed by the solar streams and clouds. 


The-process by which they are trapped by the Earth’s. 


magnetic field is still not clear. The outer belt has been. 
found to vary considerably during the year or two in 
which it has been studied. U.8.8.R. and U.S., oosmio 
rooketa have confirmed i ies in the magnetid 

field in the region of the outer belt, which demonstrate 
the presence of a ring current. - 

The pdrticles.of the belts are very energetio—of 
order 100 MeV. for the protons and 600 keV. for the 
electrons.: The density of these protons is extremely 
” low—of order 10+ to 10> per am.". The electrons are 

more numerous. The protons and electrons are 
gradually lost, the protons mainly by charge exchange 
at the lower levels they reach, especially near the 
mirror’ points. -Thus the continuance of the belts 
requires continual replacement by new energetic 
particles. 

‘Although corpuscular theories of magnetic storms 
and auroras “found wide , they were not 
without oritios and rivals. .One of the latter tried to 
explain the geophysical phenomena by specially 
intense. ultra-violet emissions from the Sun. Inade- 
quacies and counter arguments prevented these 
theories from siege as much headway. Corpuscular 
theories, on the contrary, gained important direct 
support in 1950 from a spectrum obtained ese Meinel 
of an aurora nearly overhead. It showed lines of 
atomic hydrogen much displaced towards the 
violet. : This was interpreted as a Doppler effect 
indicating the downflow of hydrogen atoms with a 
speed: of .order 3,000 km./sec. It was 
inferred that the atoms reached auroral latitudes as 

ided. by the geomagnétic field—and there 
gained an electron during their descent through our 
atmcephere. The speed, 3,000 km./sec., was thrice 
that deduced-from travel-time delays between great 
flares ‘and their su ing magnetic storms. -The 
discrepancy had already been noted in another 
comexion. The was the speed necessary for 
particles coming fram outside, if they were to 
penetrate to the observed lower levels of auroral 
lummosity. 

Further evidence has since been obtained that both 
protons and electrons do penetrate to these and indeed 
to much lower levels.. This was first shown in the 
years 1952-58 by the rockoon studies made by. Van 
Allen and his colleagues in latitudes up to more than 
80°. The rockoons, fired in the day-time, carried 
ooamo ray recorders up to heights of 80 km. or mare. 
In latitudes fram about 62° to 75°, they showed that, 
besides cosmic rays, other læs emergetio agents 
added to the record. These agenta were later mter- 
preted as X-rays, of average energy about 80 keV. 
(but running up to 100 keV.). These X-rays were 
explained as Bremastrahlungen generated by a small 
mumority of electrons (about 0-1 per cent) in close 
mnpect with the nuclei of atmospheric atoms and 
molecules. The great majority of these electrons 
were stopped at higher, auroral levela of order 100 km. 
The flux of electrons appeared to be continual, not 
confined. to great auroral oocamons. The rockoon 

, made in years of moderate solar activity, 
did not coincide with such oocasions. 

a More recently rocket and balloon studies at night, 
during notable auroras, have disclosed the entry at 
such times of protons as well as X-rays generated by 
electrons. They bave been detected down to levels as 
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low as 80 km. during strong overhead auroras, by 
Winckler and his colleagues. This E that at 
such times electrons and protons enter 

in special nde Gal oh en a 
than thoee inferred by Meinel. 

The strongest features of magnetic storms as 
observed at the Earth's surface are recorded m and 
near the latitudea where the auroras then occur. 
These latitudes are below thoee, 65°-68°, of the 
‘auroral zone’, the zone of most frequent suroral 
visibility. The magnetic records indicate the presence 
of strong electric currents along these abnormal 
auroral latitudes. The intense current is limited 
laterally, and is therefore called an electrojet. The 
ourrent circuit is campleted mainly in higher latitudes 
over the polar cap, but also over the great middle belt 
of the Earth between the northern and southern 
auroral latitudes. Theee currenta flow in our atmo- 
sphere: they are more often westward than eastward, 
corresponding to ‘negative’ rather than, ‘positive’ 
polar magnetic ‘bays’. The former occur during late 
evening to early post-dawn hours, the latter durmg 
the afternoon and early post-simset hours. 
and, the part of the storm field associated with them 
seem to develop in impulsive bursts, with quieter 
intervals between. They are closely associated with 
striking phases of the aurora during magnetic 
storms. 

The morphology of the aurora is complex. The 
great increase in visual and instrumental auroral 
observation during the International Geophysical 
Year is adding, and will add further, greatly to our 
knowledge of the extent and changes of the aurora in 
association with magnetic, solar and other phenomena. 
At present there is a diversity of theories of the auroral 
luminosity and the electric currente Imked with it. 
Almost all involve the now proved entry of electrons 
and protons into our i from beyond. They 
come ultimately from the Sun, bnt some theorista 
consider that before deacent to auroral levels they 
may spend some time as denizens of the Van Allen 
belts. Some theories envisage the participation of 
solar magnetio flelds transported from the Sun by the 
solar streams and clouds. Such fields could hold, 
among the particles travelling more directly, others 
of much higher energy and speed, spirallmg around 
the magnetic field lines in the stream or cloud. Hoyle 
and attributed importance to two neutral 
points in the combmed io and 
solar fields. They suggested that such pointe may be a 
means whereby solar particles may enter the atmo- 
sphere with added energy and penetration. Other 
theorists attach importance to atmospheric winds in 
connexion with auroral luminosity and movementa, 
and with the generation—by dynamo action—of the 
polar magnetic disturbance currents. . Martyn 
associated the acceleration of particles entering the 
atmosphere with electrostatic potential differences 
across the section of a ring current of the type 
envisaged by Chapman and Ferraro. He also 
explained the impulsion of the polar disturbance 
currents by these potential differences, supposed 
transferred along the lmes of force to auroral levels. 

A new theory of auroral morphology and of the 
magnetic disturbance currents, by Akasofu and 
Chapman, is now nearing partial completion. One 
novel feature of the theory is the attribution of 
importance to neutral lines in the magnetic field 
around the Earth. These lines, mainly lying on the 
night side of the Earth, are associated specially with 
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the combination of the ring current and corpuscular 
flux fields with the Earth’s main fleld. Subsidiary 
hypotheses are involved, without present proof, to 
explain several complicated features of the phenomena 
observed. 

Until recently most suroral and storm theories 
based on solar streams and clouds ignored the possible 
permanent presence of gas ın mterplanetary space and 
in the region around the Earth where the ring current 
and corpuscular flux current are believed to flow. The 
magnetico changes associated with these currents were 
supposed to be transmitted to the Earth’s surface as 
if în tacuo. The radio phenomena of whistlers, 
elucidated by Eckersley and Storey, indicated the 
presence of electrons in at least part of the region. 
Parker for a time concluded that this would almost 
prevent the flelds of the ring current and corpuscular 
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flux current from affecting the Earth’s surface field. 
Controversy with Hines finally led to agreement that 
this bar to tranamission was misconoeived. But the 
transmission will be by hydromagnetic waves rather 
than purely by electromagnetio waves. Chapman in 
recent years has inferred that the Sun’s ooronal 
atmosphere extends up to and beyond the Earth, and 
that this interplanetary gas is very hot even up to the 
Harth’s distance. He has further concluded that, if so, 
the Barth’s atmosphere could be enormously more 
extensive than formerly supposed. This would imply 
that the Van Allen belts lie relatively low in our 
atmosphere. But the atmospheric gas in their region, 
though far more dense than the energetic gas of the 
belts themselves, would probably be too rare to have 
much influence on the development of magnetic 
storms and auroras. 


OBITUARIES 


Prof. Charles Singer 

Da. CHantas Srvaur, the eminent historian of 
medicine, science and technology, died at his beautiful 
home, ‘Kibmarth’, near Par, Cornwall, on June 10, in 
his eighty-fourth year. 

A son of the distinguished Hebrew scholar, the 
Rev. Simeon Singer, mmister of the West End 
Synagogue, Charles Singer was born in Camberwell, 
on November 2, 1876, and was educated at the City 
of London School. At the age of seventeen he became 
a medical student ab University College, London. 
But the delighta of biology were at first too strong, 
and after a year he turned to the study of zoology 
and botany under Weldon and F. W. Oliver, respec- 
tively. After two years of these studies, he was by 
a chance mvrted to enter for a scholarship at Mag- 
dalen College, Oxford. His suocem resulted im his 
spending three years at that College, studying zoology 
under Weldon (now transferred to Oxford) and under 
E. 8. Goodrich, for both of whom he retained an 
immense admiration. In 1899 he graduated B.A. at 
Oxford, and then returned to London to contmue 
his medical studies at St. Mary’s Hospital, Paddington. 

Singer qualified M.R.O.8., L.R.O.P. in 1903, and at 
once departed to Abyssinia as the medical officer to 
a survey expedition to that country. The result was 
his first paper (1904) on some unusual olinical con- 
ditions. Back in Britain, he filled various resident 

to fit himself for clinical career, and gredusted 

M., B.Ch. at Oxford in 1905. He then had an 
extensive period in a post in the Government Hos- 
pital at Singapore. After his return to he 
became physician to the Dreadnought Hospital and 
concurrently registrar to the Cancer Hospital in 
Fulham Road. In the latter post he did much clinical 
research and laboratory research alone and in ool- 
laboration with 8. B. Schryver. In 1913 he described 
a nematode worm in a gastric carcinoma in a4 rat. 
He discovered it in the same week in which Fibiger 
published the researches for which he received a 


Nobel Prize. 

Charlos Singer had entered the field of the history 
of medicine m 1911. He took a prominent part in 
the early proceedings of the History Section of the 
Royal Society of Medicine, established in 1912. Osler 
was ite first president, and just before the outbreak 


of the First World War he offered Singer a post at 
Oxford, the duties of which were to be mainly his- 
torical. Singer’s tenure of this post was interrupted 
by the War, during which he served, mainly at 
Malta and Salonika, with the rank of captain in the. 
RAM.C. But before he was commissioned early in 
the War he had time to establish, with the help of 
his wife, Dorothea Waley Singer, whom he had 
married in 1910, a History of Science Room in the 
Radcliffe Camera, which is still remembered. 

After the War, Singer was invited in 1920 to lecture 
on the history of mediome at University College, 
Tandon, and for e shor’ tine bo sonkimuad 40, hold 
both the London and the Oxford poste. Wrth his 
cope ose Dori Oxford There ae ee 
period of his life. In 1930 the University of London 
conferred on him the title of professor, and he became 
See ee In 1830 
and again in 1982 he acted as visiting professor at 
the University of California, Berkeley, where he leo- 
tured to enthusiastic audiences. In 1984 he removed 
his residence to the house near Par, m Cornwall, 
which was to be his home during the remamder of 
his long life. Many friends from all over the world 
remember with pleasure and regret the hospitality so 
generously extended to them at ‘Kilmarth’. 

Until he was more than fifty, Smger’s interests 
lay mainly in the history of medicine. In that field 
he published in rapid sequence several works which 
opened new new ground and led to further study by 
others. His “Early English Magio and Medicine” 
(1920) was probably the first serious study of Anglo- 
Saxon medicine since Cockayne. To the history of 
anatomy he contributed two i t books on 
medieval anatomical texts (1924-25), and in the latter 
year there ap lus “Evolution of Anatomy”’, 
the substance of his shia Pairioe Lanti; This work 
was virtually the only history of anatomy in Enghsh. 
The close of this book with Harvey indicated the 
limrt of Singer’s serious interest in the history of 
medicine. Apart from ephemeral , none of 
his Original work on. ‘the History: of icine dealt 
with events after the Restoration. He was deeply 
mterested in Greek and Roman medicine, in the 
medicine of the Dark Ages, and in the history of 
syphilis. His important paper on the herbal in 
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antiquity was published in 1927. His early medical 
period closed im 1928 with the publication of his 
“Short History of Mediome”’. 

Singer’s interest in the history of science was at 
first confined largely to biology and the history of 
microscopy. The first volume of his “Studies in the 
History and Method of Science” (1917) contamed 
papers by him which were medical rather than 
scientific; but the second volume (1921) contained 
his very important study of Greek biology, end also 
his paper on the mvention of the first optical appar- 
atus. W hereafter he published (1922) his useful lrttle 
book on “Greek Biology and Greek Medicme”. After 
that, occasional papers on biological and scientific 
subjects began, to , and in 1931 he published— 
as a result of his American lectures—his “Short 
History of Biology’’, one of his best books, which he 
afterwards revised twice. 

After this, it was ten years before Singer published 
he had nearly a year in the United States, had 
removed to Cornwall, and had written many articles 


” and reviews. He had also played a promment part 


in the foundation of the Society for the Protection 
of Science and Learning, for he was deeply saddened 
by what happened to European scholars before the 
outbreak of the Second World War. He had also 
been reeding widely in the Irterature of science, and 
the result was his “Short History of Science”, pub- 
lished in 1941. This work wes much read because it 
covered the whole field to 1900 within reesanable 
compass ; 1b introd cerca til 7 pinnae tes TT 
understood. Towards the end of the War he worked 
on the ‘“Tabulae anatomicae sex” of Vesalius, and 
later he completed the philological s in ool- 
laboration. wrth Prof. Cham Rebin. is work wes 
published in, 1046 as “A Prelude to Modern Science’. 

In the closing years of the War, Singer was asked 
by Mr. Derek Spence to wrrte the history of the alum 
trade ; Mr. Spence’s well-known firm, dating back to 
1855, contributed much to the later history of thet 
trede. For Singer this was & new d e, and he 
devoted several years of enthusiastic work to this 
effort. The result was the fine folio volume, “The 
Earliest Chemical Industry”, published in 1948. 

Singer next turned to three medical projects which 
had long been, m his mind. The first was the com- 
pletion, in collaboration with his old friend, Prof. 
J. H. G. Gratton, of e definttive text of the Anglo- 
Saxon work known as the “Lacnunga”. This work 
was published in 1952, as also was the second 
of these jects, a translation of the seventh book 
of the “Fabrica” of Vesalrus. 

The need for an authoritative work on the history 
of technology had long been understood by Singer, 
and after the publication of his work on the alum 
trade he devoted much time to the planning of a 
co-operative work on this subject. The drawing up 
of these detailed plans for five large volumes must be 
considered. as one of Singer’s finest pieces of work. 
It gave him scope for the use and display of his vest 
knowledge of men and books, and for the extensive 
c in which he delighted. Although he 
had associated editors, chief of whom was the late 
Dr. E. J. Holmyard, Bingen payee the main part In 
the planning and editing of this work. The first 
volume was published in 1954, and the fourth and fifth 
volumes in 1958. Durmg ite publication he com- 

leted and published his last original medical work, 
his annotated translation of “Gelen on Anatomical 
Procedures” (1956). 


NATURE 


September 3, 1960 Vou 187 


In 1922 Singer was awarded a D.Litt. at Oxford 
for his thesis on the manuscripts dealing with Bt. 
Hildegard of Bingen. He already had the Oxford 
D.M. (1911), and in 1936 that University conferred 
on him the honorary degree of D.8o. He became a 
Fellow of the Royal College of Physicians in 1917. 
Later in life he became a Fellow of University College, 
London, en Honorary Fellow of the Society 
of Medicine, and an Honorary Felow of his old 
college, Magdalen, at Oxford. He delivered the L. T. 
Hobhouse Memorial Trust Lecture in 1951, and the 
Lloyd Roberts Lecture in 1954. He was president of 
the History of Medicine Section of the Royal Society 
of Medicine during 1920-22, and first president of 
the British Society for the History of Science (1946- 
48). He was also president of two International 

held in London (History of Medicine, 
1922; and History of Science, 1931). In 1947 he 
was president of the International Union for the 
History of Science. He was awarded the Osler Medal 
and the George Sarton Medal. In 1953 Singer was 
the recipient of a large work containing historical 
essays written m his honour (‘‘Science Medicine end 
History”, 2 vols.; London, 1958). 

Singer was by molmation and training a biologist, 
and to the end of his life he rather regretted that he 
had not taken up this subject as a profession. When 
the King’s School at Canterbury was evacuated to 
the west of England early in the Second World War, 
he was induced to take over the teaching of practical 
biology. For this he had a room in his house , 
fitted out as a la tory, and during most of the 
War he taught in it pupils attending that and another 
school. It gave him great satisfaction that he con- 
sistently obtained a very high standard of passes. In 
botany, Singer was especially interested im the suc- 
culents, and in front of his desk there stood a thriving 
array of these planta. 

Charles Singer will be remembered as much for the 
enoouragement which he gave to others as for his 
own numerous and important contributions to his 
subjects. His large testified to the 
advice which he gave. ut his mspiration and 
encouragement flowed most eesily in his conversation. 
Those who knew him well appreciated that, despite 
his learning, his humanity was perhaps the out- 

ing feature of his character. He had a rich 
fund of humour, and he could talk simply to the 
unlearned about subjects which were by no means 
simple. His studies in the local history and customs 
of were unpublished, and were bably 
known to very few except his Cornish A n. 

E. AeHwortH UNDERWOOD 
i 


Dr. Geoffrey Bullder 


Ta sudden death of Geoffrey Builder at the early 
age of fifty-four bas deprived the University of 
Sydney of an original and sympathetio teacher of 
physics and Australia of a scientist of mternational 
reputation. Born m Weetern Australia, he was 
educated at Guildford Grammar School, the Perth 
Technical College and the University of Western 
Australia. After graduating in 1928 he joined the 
Watheroo Magnetic Observatory of the Carnegie 
Institution of Washington and was responsible for 
developing a radio technique for the rapid trans- 
mission of geophysical data to Washington. 

In 1981 Builder commenced work under me atb 
King’s College, London, on the exploration of the 
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ionosphere, in which researches he was largely 
responsible for the discovery of the magneto-ionio 
splitting of pulse radio echoes and the quantitative 
verification of ionospheric double refraction which had 
been predicted by a theory of mine. sees ony 
Ha Nay 1933 he was a member of the Britash 

on to Trom, in North Norway, 
a a Goueticas past of B 
contribution to the work of the Second International 
Polar Year. It was this expedition which discovered 
the Bla gare of the polar radio ‘black-out’, 
associated with magnetic storm and suroral activity. 

After obtainmg the London degree of Ph.D., and 
becoming a Fellow of the Institute of Physica, Builder 
joined the Australian Radio Research Board in the 
latter part of 1933. He then played an important 
part in developmg the Board’s new experimental 
techniques for ionospheric exploration and oollabora- 
ted with the late A. L. Green in researches on the 

polarization of long radio waves and on the suppres- 
sion of fi 

Towards the end of 1084 he jomed Amalgamated 
Wireless (Australasia), Lid., to take charge of ita 
small group of research laboratories. Under his 
energetic and akilful direction this group developed 
rapidly unti, ab the time of bis departure for the 
Army in 1941, it had grown into an effective organi 
zation with more than fifty members of staff. "Many 
well-known Australian radio-physicista and engineers 
owe their selection and early professional training to 
the shrewd judgment and scientific and administra- 
tive capacity which he exercised during this period 
as chief of research. 

While a major at Army Headquarters during part 
of the Second World War, Builder acted as adviser on 
radar, and later engaged in defence production as 
general manager of Airzone, Ltd. After the War he 
worked as a consultant and founded two electrical 
engineering companies. During part of this time he 
was able to give valuable assistance to the Department 
of Physios of the University of Sydney in coping with 
its excessive load of teaching. In 1949 he was appointed 
to the permanent staff of the Department as a senior 
lecturer and devoted himself largely to giving lectures 
on electricity and to the a of the lecturer-in- 
shee en ee 

As a member of the ARE P ETE n-waa ¥aby 
active in proposing various reforms and successful in 
getting many of them adopted. In recent years he 
developed an interest in the theory of relativity and 
gave much time and thought to resolving the famous 
clock peradox of the special theary. These researches 
were carried out with his usual thoroughness and 
acumen and, although at times they brought him into 
conflict with well-known theoreticians, one of his last 
papers! appears to have settled the controversy by 
showing that “the clock paradox . _+ arose solely out 


two different reference systems’’. Such versatility 
and depth are not often found among the younger 
generation of physicists. 

Builder’s great interest in the welfare of his 
students, both collectively and individually, and his 
exceptional combination of technical, commercial and 
academic experience made him one of the most 
successful of teachers and a constant scurce of wise 
counsel to his academic colleagues. 

Evwanp V. APPLETON 


1 Amer. J. Phys, 97, 656 (1059). 
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Georges Claude 


Avuo Georges Claude (décddé le 23 Mai) vient de 
disparaître un des derniers pionniers, inventeurs. 
ingénieurs, sevantg, qui ont permis la révolution 
industrielle qui préoéda la Première Guerre Mondiale. 

débutant, Claud, s'intéresse à 
Vacétyléne, rendu acceamble par la fabrication au 
four électrique du carbure de calcium; en 1896, il 
orée l'industrie de laodtyline dissous et 


son application à la 
vant la fin du 
siècle dernier, il envisage la possibilité de fabriquer le 
carbure de calcium dans un four à charbon soufflé à 
l'oxygène! Ses efforts sonk couronnés de succés et 
la détente avec travail extérieur, qu’il industrialise 
dè 1902, est universellament lomani utilinse. En 1910, i 
démontre dans les aciérieg belges d’Ougrée la poss- 
ibilité d'économies substantielles en sidérurgie par 
lamploi de l'oxygène. Depuis la fin de la Deuxième 
ee ges prévisions onb été très largement 
justifiées ; Pavenir montrera, nous en sommes oon- 
jon du carbure de calcium au 


jouissons maintenant. 

Au cours de la Première Guerre Mondiale, Georges 
Claude s'attaque à la de Yammoniaque ; 
aux 250 atmosphares du Prof. F. Haber, il oppose 
sudacisusement les 1,000 atmosphéres auxquelles il 
prétend travailler, et il y réussit. Son procédé egt 
encore employé et lon poat, dire que les procédés 
Oasale ou Fauser ne sont un compromis raison- 
nable entre les pressions déj Poa Aa de 
Haber et les hyperpressions dont Olaude a rendu 
cap EE 


son imagination 
Georges Claude vers emploi des 
pressions Pagsionné des grands problèmes 
qui dominent l’avenir du monde, il voit là un moyen 
d'utiliser l'inépuisable réservoir aAa que con- 
stituent les océans par la différence de 

entre lea couches superficielles et les couches profondes 
de eau. Dans une 


l'esu de la Mouse hu sert de 
prend comme source chaude cette 
même eau servant à refroidir les tuyéres du haut- 
fourneau. 

Georges Claude s’engage alors tout seul dans 
lexpérimentation industrielle. A Cuba, après trois 
tentatives, il immerge dans le fond de l'océan, un 
tube de deux mètres de diamètre et de plus de deux 
mille mètres de long. I réussit à faire fonctionner 
son turbogénérateur et pent éclairer la station 
expérimentale qu’il a construite de ses deniers. Une 
nouvelle tentative pour atteindre une échelle indus- 
trielle (2,000 KW.) échoue par suite de l'hostilité des 
éléments, déchainés contre un inventeur génial. La 


- 
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fortune considérable gagnée par Georges Claude ne 
lui ẹ pas permis de mener à bien, tout seul, 
Yeudacieuse expérience de captation de |’émergie 
thermique des mers. 

Te piocs de | operatio Pius Gavel ta Wes 
Guerre Mondiale, les projets actuels de pipelines 
traversant Ja Méditerrannée sont le frum də Is 
tentative de l'inventeur frangais. Au moment ot 
s'estompent les espoirs trop optimistes fondés sur la 
conquête rapide de l’énergis nucléaire & bon marché, 
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Mathematics at Oxford : 
Dr. Graham Higman, F.R.S. 


De. Granam Hiema, who has recently been 
appointed to the Waynflete chair of pure mathe 
matics in the Univermty of Oxford, in succeasion to 
the late Prof. J. H. C. Whitehead, is a Balliol man 
who, apart from a brief sojourn in Oambridge, has 
divided his academic life between Oxford and Man- 
chester. After the Second World War, he joined the 
mathematical staff of the University of Manchester 
as a founder member of the algebra school which has 
flourished there since that time. He remained m 
Manchester until 1955, when he gocepted a reader- 
ship in Oxford. As a pupil of J. H. C. Whitehead, 
he first worked on a problem of topological origin. 
In his hands it soon became algebraical, and m the 
rest of his career he has devoted himself entirely to 
the ‘pure’ theory of groups, especially infinite groups. 
To this theory he has made deep and influential 
contributions. Lately he has turned his attention to 
the border country of group-theory and logio, in 
which he has proved a theorem of great interest on 
the imsolubility of certain group-theoretic problems. 
Dr. was elected a Fellow of the Royal Society 
in 1958. 


Selsmology In New Zealand: Dr. F. F. Evlson 


Dr. F. F. Hvison has been appointed super- 
intendent of the Seismological Observatory, Welling- 
ton, New Zealand (Department of Scientific and 
Industrial Research), in succession to Mr. R. O. 
Hayes (Nature, 187, 24; 1960). Dr. Evison was 
educated at West Christchurch High School and the 
Victoria Univerarty of Wellington, graduating in 
mathematics and physics. In 1947 he went to the 
Imperial College of Science and Technology, London, 
as a research student under Prof. J. McG. Brackshaw, 
where he developed the technique of experimental 
seismology in which a transducer is used for gener- 
ating seismic pulses m the ground. After returning 
to New Zealand m 1950 to jom the Geophysical 
Survey, he brought this technique to bear on a 
variety of seismic propagation problems. He also 
mada a study of storms tions of strata in coel-mmes. 
In 1956 the Nuffield Foundation awarded Dr. Evison 
a Domimon Travelling Fellowship im the Natural 
Sciences, which took him for a year to the Depart- 
ment of Geodesy and Geophysice, Cambridge. Dr. 
Evison and his colleagues produced the first geo- 
physical evidence that the Ap baratio ioe-cap is under- 
lain by a continental crust. They have recently 
extended the work, which depends on dispersive 
earthquake waves recorded in Antarctica, to obtain 
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on ne peut pas s'empêcher d'une certaine mélancolic 
en considérant qu'un effort beaucoup moms onéreux 
aureit pu réussir à nous mettre en possession d'une 
énergie équivalente et ne présentant pas les mêmes 


Avec le recul des snnées, l'oeuvre de Georges 
Olaude prend tout son relief: il fut, dans toute 
Vacception du terme, un véritable créateur dont le 
génie inventif a généreusement servi son pays et la 
civilisation oxydentale. Citas 
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crustal thicknesses over the greater A Sadat epee 
and the surroundmg oceans. Beiamological 
Observatory, Wellington, operates the Antarctic 
seismograph stations at Scott Base and Hallett, and 
also stations et Samos and Raoul Talend, es well a 
the network within New Zealand itself. 


The Russian Earth Satellite 19602 


A siagworicaNnt milestone on the road to space 
flight was passed on August 20, when, for the first 
time, living animals were successfully brought back to 
earth after being in orbit in space, aboard the second 
Russian space-ship satellite. This satellite, which 
weighed 4,600 kgm., was launched at about 08h. 45m. 
U.T. on August 19, and entered a nearly circular orbit, 
inclined at an angle of 65-0° to the equator. Ite height 
varied between 306 km. at perigee and 340 km. at 
apogee, and the period of revolution was 90-7 min. 
The satellite, also known as Spuintk 5, was designated 
196041, and was accompanied in orbit by its final- 
stage rocket (196042). The living creatures in the 
satellite included two dogs, 40 mice (21 black and 
19 white) and 2 rate; there were 15 phials containing 
Drosophila and 12 wit the alga Chlorella ; seeds of 
maize and many other planta, cancerous cells, and a 
variety of micro-organisms. The satellite also carried 
a radio transmitter having a frequency of 19-995 
Mo./s., and instruments for measuring the composition 
of coamic rays and the intensity of solar X-ray and 
ultra-violet radiation. It is stated that the pulse and 
rate of respiration of the dogs were measured and 
their behaviour observed by television, the informa- 
tion being stored and telemetered back to earth. 
On the eighteenth revolution of the satellite ite 
velocity was reduced by a retro-rocket and it 
deecended through the atmosphere; all the animals 
and biological specomnens are reported as being 
recovered in good condition. . 


Research and Development In Industry 


Dr. E. J. Sorvay’s presidential addreas to the 
Society of Chemical Industry st Bristol on July 5 
reviews the evolution of the chemical industry, and 
more particularly the part which research has played 
in the development of the industry. He also streased 
the need for more men in scientific research and for 
the more effective use of such hi trained man- 
power (Cham. and Indust., 976; July 80). Urging 
& real co-ordination of research programmes on an 
international scale as the result of agreement freely 
negotiated between companies interested in the same 
activities, Dr. Solvay was thus endorsing a plea which 
Viscount Chandos had made earlier in the year to 
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the British Electrical Power Convention. Lord 
Chandos, who delivered the Messel Medal address to 
the i of Chemical Industry on May 6 (Chom. 
and Indust., 1087 ; August 13), did not in that addreas 
renew this plea; but, dealing with research and 
finance in industry, that statements that 
research and development effort in Britain are too 
small are misleading. He put expenditure in Great 
Britain on research and development in 1959 at about 
£450 million, of which the Government financed ane 
third of that carried out by private industry ; about 
27 per cent of the total is in the hands of Govern- 
ment and nationalized industry and performed by 
them. Lord Chandos believes that more attention 
should be given to the wider implications of this 
huge research and development effort. Man’s ability 
to create wealth is increasing much faster than is 
generally a , and we must be prepared -to 
to ensure that our means of exchange 
Didi Ges te a I oa wiel a 
parallel with the new wealth. 


Arctic Institute of North America 

Taa Arctic Institute is inviting applications from 
research scientists interested in arctic and subarctic 
North America and in Antarctica. The aims of the 
Institute’s grant-in-aid programme, which last year 
numbered thirty-five awards ranging in value from 
400 to 10,000 dollars, are to support the work of 
experienced field-scientists and to introduce other 
fompetent researchers to polar science. The In- 
stitute favours no parti scientific disciplines, 
but appraises proposals on their individual merit. 
Grants are usually made for a iar rele sala 
Opportunities for field research in arctic and 
Canada have widened considerably since the Inter- 
national Geophysical Year. The Institute can now 
iasist research workers in obtaining laboratory 
facilities and fleld-stations for many kinds of work. 
For le, the Office of Naval Research's Arctic 
Resseasah Lahoratory at Point Barrow, Alaska, offers 
laboratory facilities for work in oceanography, see- 
ioe, ecology, geology and soil science, and arctic 
climatology. The Institute is establishing this year 
two stations on Devon Island, N.W.T., for glacio- 
logical, marine biological and meteorological studies. 
Opportunities exist at stations on the Ellesmere 
Island Ice Shelf and Ice Island 7-3 for work in 
glaciology, sea-ice, oceanography, and marine biology. 
The Institute maintains one small glacier station and 
18 associated with another on the northern slope of 
Brooks Range in Alaska. The Arctic Institute also 
invites proposals for support of fleld-research in 
Antarctica. Applications must be submitted a full 
year in advance of an antarctic field-season. Further 
information about the p and application 
forms can be obtained from the Arctic Institute of 
North America, 3485 University Street, Montreal 2, 
P.Q., or 1530 P Street N.W., Washington, D.O. 
B emcee for grants for 1961 should be sent in 

before November 1, 1960. 


Boris Kidrich Institute of Nuclear Sclences 


Vorumaa 10 (March 1960) of the Bulletin of the 
Boris Kidrich Institute of Nuclear Sciences at Vinca, 
neer Belgrade, contains twenty-five articles and one 
laboratory note contributed by members of the 
physics, physical chemistry, applied mathematics, 
electronics and radiobiology laboratories of the 
Institute. Continuing their work on the development 
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of three basio methods—ooinsidence, 4x and solid- 
angle methods—for the absolute measurement of beta 
activity, V. Urodevié and oo-workers describe 
techniques and methods developed for the primary 
standardization of gold-198. The resulta obtained 
agreed with measurements made at Harwell on four 
gold foile to within the limits of the estimated error 
New apparatus described includa a 
ead oamba enka Wie rale bee: ad 
cloud-chamber, and a high- i binary and 
decede counting unit. Nine papers deal with radio- 
biological topics. The brief news report included in 
Volume 10 records that durmg 1959 more than sixty 
scientists from other research centres visited the 
Institute. Hight delegations, including representatives 
of the International Atomic Energy Agency, Poland, 
France, the U.8.8.R., Oambodia, United Arab 
Republics, and Ethiopia, were received. A joint 
meeting of Polish and Yugoslav physiciste to discuss 
beta- and was held at the 
Institute during September, a symposium on 
analytical chamistry during October and a symposium 
on solid state physics and chemistry during December. 
The construction of an experimental reactor of 6:5 
MW. (2 cent enriched uranium and heavy water), 
delivered. by the U.S.S.R. in accordance with an 
agreement between Yugoslavia and the U.8.8.R., 
was completed, and the reactor, which first became 
critical on October 28, began to operate officially on 
December 28. 


Geological Research In the Northern Highlands-of 
= oe 


fifteen years have witnessed active 
dedicat of geological research in the Northern 
Highlands, with many younger workers added to 
those of the pre-war period. The new (third) edition 
of the “Handbook of Regional Geology” on ‘‘Scot- 
land : The Northern ”, by Dr. J. Phemister, 
lista more than 150 references additional to those in 
the original printing of the second edition in 1948 
(H.M.8.0. 5s. net). The great majority of these 
concern detailed researches on the structure, meta- 
morphic history and correlation of the Lewisian and 
Moine metamorphic rocks ; but in view of the actave 
controversies centred on the interpretation of much 
of this work at the present time, it was not deemed 
profitable to attempt a complete summary and 
assessment of it in the present edition. The bulk of 
the 1948 text is reprmted without modification, 
additional hs directing attention to more 
recent publications. By this means the Handbook 
will serve as a comprehensive and unbiased guide in 
this field of research until such time as the main 
controversies are resolved and we can weloome a 
definitive fourth edition. 


National Museum of Wales 


Tus Department of Zoology at the National 
Museum of Wales, Cardiff, has recently arranged an 
exhibit to illustrate the interchange of animal species 
between Wales and some of the Commonwealth 
countries. For centuries the Merchant Navy has 
played an important part in this, for animals of 
different types such as insects, small mammals and 
lizards as well as plants have been transferred to new 
parte of the world. Accidental or deliberate importa- 
tion has led to a mingling of once characteristic types 
for any particular country. Thus, the British winter- 
moth is spreading in Canada, the North American 


832 


grey squirrel flourishes in Wales and other parte of 
Great Britam, and the Brith house sparrow 18 
common in New Zealand. The exhibit at Cardiff is 
grouped around a model of the old Cardiff-registered 
cargo vessel Tredegar Hall and shows a striking series 
of insecta, spiders, molluscs, reptiles and other 
creatures accidentally landed at the chief seaports of 
South Wales from overseas. 


Ethlonine and Plant Growth Systems 


Ir has already been ascertained that ethionine is 
an antimetabolite of methionine and that ıt has 
growth stimulatory and morphogenetic effecta on 
excised roots of tomato in sterile medias. R. L. 
Lowther and W. G. Boll (Canad. J. Bot., 38, 437; 
1960) have now reported on the effects of ethionine 
on six different plant growth systems, for example, 
growth of lateral buds on decapitated dwarf beans, 
the rooting of excised, etiolated bean hypocotyls, 
expansion. of leaf disks, and so on. It was noted that 
the pretreatment of sections of etiolated pea shoots 
with lowered or prevented the stimulatory 
effect of ethionine. A considerable amount of new 
observations on various growth effecta is set out in 
some detail. According to the nature of the growth 
system, ethionine stimulates the effect of auxins or 
‘antiauxins’. Some relationships between the known 
effects of ethionine and theories of auxin action, and 
its posmble significance as an inhibitor of adaptive 
enzyme synthesis, are indicated. 


Translations of Soviet Science Into English 


Tse Israel Programme for Scientific Translations 
has been maugurated to provide English translations 
of recent and important Russian books in all branches 
of soience. The programme was initiated by the 
National Science Foundation, Washington, which 
supports the programme and selects the material to 
be tranalated (Soviet Science in English Catalogue, 
1960. Pp. 24. Jerusalem: Program for Science 
Translations, 1960). The first issue of a catalogue of 
works translated under this programme lists books 
which will be available some time before December 
1960. The books are photo-offset reproductions of 
originals on IBM electric i and 
are usually bound in cloth boards with dust jackets. 


New Filmstrips 

To their series of natural-history filmstrips, 
Educational Productions, Ltd., of East Ardsley, 
Wakefleld, Yorkshire, has added four more which 
will be well received by school-teachers. One contains 
a series of frames describing common planta and 
animals of the hedgerow and will be specially suitable 
for junior schools ; a second is of the same type but 
takes ite examples from woodlands. The third, 
“Flowers of the Marsh and Pool”, is of more use for 
botany scholars in secondary schools and includes 
aome of the rarer planta as well as the more common. 
The fourth strip contains some excellent photographs 
of British and foreign butterflies and is the fore- 
runner of a simular strip which will deal with moths. 
Each strip is acoompanied by explanatory teaching 
notes. 


Ramsay Memorial Fellowships 

THe Ramsay Memorial Fellowships Trustees have 
made the followmg awards of new fellowships in 
chemistry for the year 1960-61: Mr. Alan Bewick, 
@ general fellowship at the University of Durham ; 
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a Glasgow Fellowship to Dr. D. G. Watson at the 
University of Cambridge ; a New Zealand Fellowship 
to Mr. G. A. Rodley at University College, Landon ; 
Spanish Fellowships to Mr. José Garcia Contreras, 
is Maria Covadonga Rodriguez Pascual and Mr. 
Salvador Oliver Moscardó, all at Rothamsted Exper- 
mental Station; a United States Fellowship to Mr. 
Herbert L. Strauss at the University of Oxford. The 
Trustees have renewed the following fellowships for 
the same year to: Dr. P. J. T. Tait (General Fellow- 
ship) at the University of Aberdeen; Dr. W. G. 
Paterson (Canadian Fellowship) at the University of 
Oxford; Dr. T. Anno (Japanese Fellowship) at 
University College, London; Mr. F. Balté Calleja 
(Spanish Fellowship) at the University of Bristol. 


Announcements 


Mr. N. Ersox has joined Cossor Communications 
Co., Ltd., as technical director. Educated at Trinity 
Co , Cambridge, Mr. Elson was employed during 
the World War at the Radar Research 
Development Establishment, Malvern (formerly the 
Air Defence Expermental Establishment, Christ- 
church), where be made notable contributions to the 
development of the wave-guide. Following a iod 
of research on radio wave propagation at the Caven- 
dish Laboratory and in New Zealand, Mr. Elson was 
engaged on work on guided weapon systems at 
Ferranti, Ltd., and has been, for the past six years, 
in charge of the research and development activities 
of the Racal Engineering and Instrument Companies 
as chief scientist. 

The Phystos of Fluids, published by the American 
Institute of Physica, 335 East 45 Street, New York 
17, N.Y., hitherto published bimonthly, will be pub- 
lished monthly, starting in 1961 with volume 4. It is 
hoped by this means to speed up publication of 
research on the structure, statistical mechanics and 
general physios of gases, liquids, plasmas, and other 
fluids. 


Tas Chemical Society, London, has issued ‘“Hand- 
book for Chemical Society Authors” (Special Pub- 
lication No.‘14), 6s. to Fellows, 21s. to non-Fellows 
(post paid). Although primarly mtended for authors 
pre ing material for publication by the Chemical 

lety, the 224-page well-bound volume contains 
sections on nomenclature and symbols which are of 
general interest. 


Masens. Jonwson, Matraay and Co., LID. 
Hatton Garden, London, E.0.1, have issued a pub- 
lication, “‘Producta of the Rare Earth Group”, record- 
ing the properties of the pure rare earth metals and 
their oxides. The firm can supply the metals in 
ingots, rods, and sometimes wires, ın various states 
of purity at much lower cost than hitherto. 


A OONFERENOE on Nuclear Physica is being 
arranged by the Institute of Physics and the Physical 
Society and will be held in the Department of Natural 
Philosophy, University of Glasgow, durmg September 
14 and 15. Sessions will be devoted to electron and 
photon interactions with nuclei- at energies below 
meson threshold; strange particle physics; inter- 
actions involving pi- and mu-mesons; nuclear forces 
and interactions between lghtest nuclei (A < 4); 

tal techniques. The Rutherford Lecture 
wall be given by Prof. C. F. Powell during the meeting ; 
he will speak on “Studies of Nuclear Disintegrations 


at Very High Energies”. 
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NEW CHEMICAL LABORATORIES 


By Pror. R. J. W. 


Coe has been studied in the University 
of Sydney for 108 years. It began in the early 
18650’s in basement rooms of what is now the Sydney 
Grammar School, and was transferred to 
laboratories in the main buildings of the University 
as soon as theee were ready, about 1858. The founda- 
tion professor was the Hon. J. Smith, member of the 
Legislative Council, who went to Sydney from Aber- 
deen. Under Archibald Liversidge, Smith's successor, 
chemistry expanded and moved in 1883 to new 
premises, to which additions were gradually made 
through the period 1885-1945. Some details of this 
history appear in Chemistry and Industry, 415 (1951), 
786 (i068), 


The late Mrs. Brightie Phillips presented to the 
University of Sydney a sum of £100,000 “on the sole 
condition that it ia to be used for the building of a 
first wing of a new Chemistry School, and in the hope 
that it will stimulate other donore”. '8 ent 
oe on ee a ee en ae Btate 
te made the planning of a new building a 
practical proposition. The late Mr. J. J. Cahill, 
Seared of New South Wales, formally commemorated 
beginning of construction by unveiling a plaque 
on October 18, 1956. The project was completed last 
year, and chemistry is now installed in ita fourth 
location m the University. 

Mr. Cahill’s suoceasor in the premiership, the Right 
Hon. R. J. Heffron, visited the new Chemistry School 
on June 28, 1960, where he addressed a gathering of 
University Senate and staff members, benefactors, 
research workers and senior students, the occasion 
being “ʻa function to mark the opening of the New 
Chemistry, 8choo!’’. 
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IN THE UNIVERSITY OF SYDNEY 


LE FEVRE, F.R.S. 


Mr. Heffron traced the history of the present 
School from ite origins im 1851, earl pall e 
appreciation and congratulation of its at gy ae 
achievements and status, 
importance of chamica] industry to the sea of New 
South Wales, and outlined the financial respons- 
ibilities which his Government has towards universities 
and education. 

Undergraduate classes were not and the 
Premier, with other guesta, visited laboratories 
where students were working to the normal time-table. 

The new building is in a contemporary style, oon- 
trasting with the older Victorian Gothio buildings of 
the University, the earliest of which were the work . 
of the mid-nineteenth oentury architeot, Edmund 
Blacket. Construction was completed toward the 
end of 1959; but the building has been progressively 
occupied as portions were finished. Some 146,000 
aq. ft. of floor area are provided. The ultimate oost 

w about £4.1,500,000. 

The plan of the building is roughly ‘T 
lying north-west to south-east., The head of the “I 
is a five-storey block 70 ft. by 240 ft., housing all 
the undergraduate laboratories, service rooms, stores, 
boiler room, plant room, compressors, liquid-air 
machine, eto. The wing seen in Fig. 1 behind the 
main entrance canopy is largely devoted to research 
laboratories and staf? offices. In lme with the front 
door is another wing containing reeearch tories, 
and leading to the foyers of the lecture theatre block. 
This contaims two lecture theatres, each seating 370, 
and two others, each seating 170. These, in pairs, 
are placed back to back, with preparation rooms in 
between. Store-roome, undergraduates’ reading and 





Fig. 1. 


Now cheminal laboratories in the University of Sydney as soen from ths north 
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writing room, and a ‘kitchen’ (making possible the 
serving of refreshments after public lectures, oon- 
ferences, etc.) are also in this block. The four theatres 
themselves are windowless, relying on artificial light 
and mechanical ventilation. 

Features of the buildmg are that all external walls 
are free of pipes and other extrusions. Tho roofs 
slope downwards to the centre lines of each block, 
along which run a series of vertical ducta containing 
all rainwater, chemical waste and service pipes, 
together with fume cupboard and ventilation trunk- 
ing. Services generally provided molude gas, elec- 
tricity (two- and three-phase ao. and d.o.), hot 
and cold water, compreased air, and steam. Outlets 
for moat of these are very generously distributed to 
ensure maximum future flexibility. Because of the 
height of the ste, water pressure is boosted by oom- 
pressed air to give a constant 20 Ib. per sq. in. on 
the top floor. 
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Pleasant features of the completed building are 
two courtyards to the rear. Here seats have been 
built and enclose small plots in which shade trees are 
now being planted. The courtyards are paved with 
precast concrete slabe, and contain the only exploit 
luxuries in the whole schame—two ornamental foun- 
tains, and a pair of Italian mosaic tile designs around 
large supporting pillars, immediately outside the 
lower lecture theatre block. 

Tilden spoke of Liversidge’s building aa “serving 
for the present needs of the colony, though in all 
probability large additions will be neceasary before 
long. About 200 students work in the labor- 
atories...”. The New Chemistry School in 1960 
serves the present needs of some 2,500 under- 
graduates and about 100 staff and research 
students. These numbers are expected to morease 
rapidly ; Tilden’s remark may soon have to be made 
agam. 


PLANT PATHOLOGY IN THE BRITISH COMMONWEALTH 


E five years the Commonwealth Mycological 
Institute organizes a conference on plant diseases 
which is attended by official delegates from Common- 
wealth countries, o from such bodies as the 
Food and ‘Aprionltare Organization, and invited 
visitors. Bimilar conferences on insect pests of 
planta are arranged by the Commonwealth Entomo- 
logical Institute, the sister institute within the 
Commonwealth Agricultural Bureaux. This year the 
two conferences were held in succeeding weeks, and 
tho final day of the Seventh Commonwealth Entomo- 
logical Conference was devoted to two joint sessions 
_ at which agricultural entomologiste and plant 
ologista discussed topics of common mterest. 
the morning, developments m the study of plant 
viruses and their insect vectors with special reference 
to ther bearing on contro! were considered, and in the 
afternoon the link between research work and ita 
application in the fleld of plant protection was 
reviewed in a serios of pe from Canada, the 
United Kingdom, Kenya Nigeria. 

On the evening of the same day the delegates to 
the two conferences attended s reception given by 
the Government at Lancaster House, where they were 
received and addressed by Lord Hailsham, Mimuster 
for Science. 

The Sixth Commonwealth Mycological Conference 
was opened by A. Perera, of Ceylon, chairman of the 
Executive Council of the Commonwealth Agricultural 
Bureaux, at the London School of Hygiene and 
Tropical Medicine, on the mornmg of July 15, and 
this was followed ae the first plenary session, at 
which J. O. F. Hopkins, director of the Common- 
wealth Mycological itute, reported on the work 
of the Instrtute amoe the previous Conference, a period. 
of expansion marked by the occupation in 1955 of a 
spacious new building, increase m staff, and an 
extension of the services offered to plant pathologista 
and others. 

One duty of the delegates ıs always to review the 
working of the Institute and to make such recom- 
mendations as a oy pare ae aaa 

um ium. To aid them in thi to lay a 
fouridation Tor their next day’s visitation to the 


Institute at Kew, the papers given during the 
remainder of the first day dealt largely with different 
aspects of the Institute’s activities. 

The primary function of the Institute was tq 
provide an mformation service, and ita main abstract 
journal, the Review of Applied Mycology, which 
surveys the world literature on plant pathology, is now 
in its thirty-ninth year. The exact mre and extent of 
the literature of plant pathology are uncertain. The 
annual output is perhaps 6,000 items derived over 
the years from 2,000 current lications, but many 
of these items are popular and ephemeral. The 3,070 
abstracts in the 1958 volume of the Review came from 
530 different journals, 50 books, and 71 reporta—a 
total of 660 publications—and an analysis of a series 
of volumes smoe 1925 iaaa that while the 
scatter of papers is broadening m: Papers are bemg 
noticed from a few major anah: imilarly, the 
language scatter is on the mereese, but while the 
proportion im French is definitely on the decline, 
that in Jepanese, Chinese, and Russian is 
on the increase; the amount in Enghsh now stands 
at 60 per cent, to which enother 10 per cens can bo 
added for papers in languages other than Enghsh 
which have English summaries. With regard to 
types of disease, the number of pepers on bacterial 
diseases is on the increase but their proportion (5 per 
cent) seams to be slightly leas than rt was; those on 
virus diseeses heveo incrocsed from 6 cent in 1925 
to 18 per cent in 1958. Papers on infections 
have remained remarkably constent for the pest 
thirty years at about 60 per cent of the total, and thus 
account for the i rtance of the Institute’s identifi- 
cation service the help it gives in cataloguing 
fungi from different parta of the world, especially 
the tropics. During 1958-59, some 4,000 identifi- 
estions were made and the Institute’s herbarium 
(HerbI.MI.) now comprises more than eighty 
thousand specimens. There are, however, still many 
taxonomic uncertainties, and M. B. Ellis, the Insti- 
tute’s chief mycologist, emphasized the benefite 
which accrue from workmg visits of both ienced 
and lees e i taxonomista to each others’ 
herbaria. o herbarium i supplemented or com- 
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plemented by a oollection of living cultures which 
constitutes the main section of the United Kingdom 
national collection of fungi, and the curator, H. A. 
Dade, indicated some of the ocollection’s’ many 
contacts and uses. The most recent addition to the 
Institute's resources is & bacteriological laboratory 
for the study of plant pathogenic bacteria. 

Two-thirds of the world’s population is under- 
nourished. The losses of crops from disease are 


than one half by the use of seed dressings and the 
preplanting treatment of seeds. For other diseases 
no control measures may be available, or the increase 
in costs from applying an efficacious control would 
not be commensurate with the increased monetary 
value of the crop. For example, as J. W. Blencowe 
and A. L. Wharton of the West African Cocoa 
Research Institute indicated, though the absolute 
loæ of crop of cacao caused by black pod disease 
(Phytophthora palmivora) in southern Ghana and 
Ashanti is of the order of 28 and 16 per cent, re- 

spectively, and must represent a cash logs of several 
million pounds, the application of fungicidal sprays 
is not at present economically justified. The econ- 
omica of control are, however, under experimental 


Such data offered to the Conference give clues to 
modern trends in plant pathology. Up to the First 
World War may be considered to have been the age 
of the pathogen. Plant pathology waa undertaken 
by myvcologists. hasis then shifted to the 
diseased plant both in relation to the pathogen and the 
totality of the environment, physical, social, and 
economic. Plant pathology became a profession. 
In human medicine, increasing attention is being 
paid to public health, to the prevention rather than 
to the cure of disease, and it now seems that this 
attitude is also gaming ground among plant patholo- 
gists. It may be recalled that just over a century 
ago the Rev. Miles Joseph Berkeley, one of the 
founders of plant pathol began his famous 
series of articles on le pethology in the 
Gardeners’ Chronicle with an account of the plant in a 
state of health. The wheel is turning full cirole. 

During three days of the reading of papers, some 
thirty contributions were made by nearly forty 
different authors on half a dozen main topics, all of 
current interest. 

out the world, and in diverse crops, root 

rote are intensively studied. Losses in annual 
crops oan be serious, but the problem of root rots in 
plantation crops and in forest troes is in many 
countries icularly acute. I. A. 8. Gibson and 
Ta d dealt with Armillaria mellea root rot 
of tea in Kenya, a by A. oovered 
ies soph inas (cased Iy Foma ienna A na 
control in Hevea rubber m Ceylon and R. A. Fox 
reported on the same disease in Malaya. These 
bay re examples were followed by a review by 
Murray (Forestry Commission) of the increasingly 
sorious depredations caused by Fomes annosus 


i Growing 
wilt of cotton in Uganda 
and by O. D. Blake on & banana root rot in New South 
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Wales, provided interesting examples of root rot 
complexes in the etiology of which nematodes play 
an important pert; successful control of the banana 
disease bemg by planting material by 
hot-water treatment and planting in virgin areas or 
areas which have not carried bananas for at least 
five years. Such results, and the recognition of 
as vectors of some plant viruses, led to 
resolutions being adopted at the final plenary seasion 
for increaged emphasis not only on investigations of 
root rota but also on studies of nematodes, and the 
desirability of including an introduction to nemato- 
Bood pathology. ant pathologists. 
Seed pathology an seed-health testing were 
reviewed at another seesion by 


Mary Noble {i ), P. Neergaard (Denmark), 
and J. de T (Netherlands), the three authors of 
an annotated 


ation and published by the Commonwealth Myco 

logical Institute in 1958. All ooncerned with plant 
introductions are now aware of the extreme impor- 
tance of being able to rely on any certificates of 
freedom of ‘seed’ from disease or disease-inducing 
organisms which the export or import regulations of 
a ee ee O a O but much 
still remains to be done in devising reliable tests and 
in ensuring uniformity in their use. These papers 
and the discussion which followed resulted in another 


resolution particular: appropriate to the eve of the 
forthcoming “World Seed Yeer’ being sponsored by 

the Food and Agriculture tion. 
The elucidation of epidemiological problems in 
lant is dependent on 


. 0. Kingdom 
iculture's Plant Pathology Laboratdry) gave a 
lucid survey of these of the annual outbreaks 
of potato blight in i 
years where, due to the olope a eae 
© 


determine 

of potato blight are now better 
any other country, and regional forecasting is becoming 
i ingly accurate. In another mterestng por, 
L. Ogilvie and I. G. (United Kingdom) out- 
lmed the co-operative investigation in Western 

and North Africa of the annual spread of 
black rust of wheat (Puccinia graminis), outbreaks 
of which in the south and west of England in mid- to 
late summer have been shown to originate in North 
Africa in the early spring. At another session, 
for rust resistance was reviewed in papers from the 
United Kingdom and New South Wales. 

Virus diseases, diseases of various tropical crope, 
end fungicides were dealt with in a further series of 
papers and discussions. ing the Oonference e 
whole-day visit was made to the John Innes Institute 
on the occasion. of the British Mycologicel Society's 
annual plant pathology field meeting, and during the 
week after the conference ortunities were made 
far 6 dlean tog £0 Vinita etter OF OEN ARUDA; j 
and laboratories. G. C. ATSSWOBTH 
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INTRACELLULAR LOCALIZATION OF ENZYMES 


COLLOQUIUM on ‘ Localization. 
of Enzymes” was held in Louvain on June 


last year by the same centre on “Specificity in 
Protein Biogenesis” (see Nature, 184, 1198; 1959). 
A limited number of papers wore read by invited 
speakers and plenty of time wes allowed for dis- 
cussion. In to favour an informal exchange of 
ideas, rt was decided not to publish the proceedings 
of the colloquium. The interest of the mectmg was 
enhanced by the participation of a number of foreign 
gueste to an international symposium organized 
earlier in the week at the Cancer Institute of Louvein, 
under the Cell Biology Programme of Unesco, on the 
subject of “Oel Biology end Growth Inhibition”. In 
addrtion, the seasions were attended by more than a 
hundred workers from various Belgian laboratories 
and by a few visitors from abroad. 

The meeting was opened by A. Claude (Brussels), 
who gave an acount of the history of cell fraction- 
ation and reported his own, recent electron- 
observations on, the 


characteristic is that they sare limited by a single 
membrane and do not contain oristæ, but their size 
See ey er ee oe 
one tissue to the other and even within the same 
tissue. a San TATE ‘oyto- 
somes’ for these organelles, and put forward the 
hypothesis that they may represent various funo- 
tional states of the same entity, possib 

lysosomes. 

sneakers, namely, 8. J. Hob (London), A. B. Novikoff 
(New York) and H. Beanfay (Louvain). Main ait 
to liver tissue, the two former speakera both 

excellent evidence, based n 


agreement with the other , he found’ 
numerous pericanalicular dense in purified 
Preparations of lysosomes. prepara- 


somes, as well as a second morphological component, 
“the so-called ‘microbodies’, which differ from the 
pericanalicular dense bodies by the absence of 
ferritm-hke grains and the ce of an internal 
Toulti-membranous or cryatallosd ore: Beaufay sug- 
. gested that these microbpdies might represent the 

` uricase-bearing granules, which are known to contain 


little or no iron. But evidence to the was 
produced by Novikoff, who found that the liver of 
rata injected with bilirubin becomes loaded very 
rapidly with granules containing acid phosphatase as 
well as with typical microbodies, which a to = 
positive for acid phosphatase in 6 d 
staining test adapted to the electron micro T 
was decided E E A A 
tion. 

A on arin discrepancy between biochemical and 


eee ee 
by Holt, who that in fixed rat liver, kidney 


and several other tissues, esterase, an enzyme known 
to sedimens quantitatively with the microsomes m 
liver homogenates, shows exactly the same localixa- 
tion as acid tase when revealed by staining 
techniques. t was algo shown, however, that esterase 
is removed selectively from sections of unfixed 
frozen-dried tissues by immersion in isotonic sucrose. 
The thus exists that esterase may be 
loosely attached to the surface of lysosomes im 
the oells and be eluted from this site and 
secondarily adsorbed on the microsomes upon homo- 


genization. 
A great deal of attention was also paid to the role 
of lysosomes in cytolysis and in the accumnlation of 


waste products, ag well as to therr relati with 
pinocytosis vacuoles or phagosomes. N pro- 
duced evidence, based on the histo- 


chemical detection of gar hosphatase and of foreign 
material taken up by as well ag on electron- 
microscope observations, which 

that lysosomes may be involved im all these pro- 
censes. Beaufay the resulta of experiments 
ich the biochemical properties of 
and phagosomes were found to be very 
similar in many respects, though not identical. In 
the discussion which followed, it was agreed that the 


the vacuoles and bodies observed morphologically as 
well as the phagosomes and lysosomes may be part 
of a system involved in these phenomena. 
The exact identification of the granules implicated 
and of their role will, however, require a great deal 
of additional work. This session was closed by the 
presentation of a remarkable film on pinocytosis in 
tissue cultures by H. Letiré (Heidelberg). 

The necessity for correlating biochemical resulte 
with accurate cytological data was emphasized by 
O. Allard (Montreal), who showed that feeding axo- 
dyes to rata causes in the cellular 
composition of the liver. Bilé duct and connective 
tissue cells proliferate considerably while the pro- 
Ma of chymal oels decreases. Allard 

that homogenates originating almost 
cacunively from parenchymal ool een bo prepared - 
at all stages of this transformation by pressing the 
eee on es eee ae 
vascular and ductuler framework of the 
Enrzymic studies performed on these homogenates 


(Continued on page 858) 
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BRITISH ASSOCIATION MEETING IN CARDIFF 


THE TWO ASPECTS OF SCIENCE" 


By Sin GEORGE THOMSON, F.R.S. 
President of the British Association 


OLENCE is already valued for what it can do to 

increase man’s control over Nature, and feared 
for what some of its consequences may be. Some 
would have us consider these consequences as the sole 
justification of science. This view, or something 
very like rt, is the official attitude in Marxist coun- 
tries, and there are many in Great Britain and in the 
Dnited States who would be horrified to be told they 
were Marxists but who without any explicit statement 
do in fact act and speak as if they thought the same. 
But this view is too limited. There is a second 

; tt is this. 

i aims at understanding the nature of things : 
in this it is ab one with religion and philosophy. But 
ee oe ee These last try to gain 
knowledge of the whole, in one cage by an awareness 
of the Deity, intuitive or revealed, in the other by 


other end. Tt begins by studying 
SD ee ee reece ie Wank 
and appeal to human curiosity. Things like black 
rooks which attract iron or rubbed amber which 
makes chaff fly. 

This has been more successful than, one could have 
expected. It is a method difflouls to defend a priori— 
it hag often been made fun of. Swift ridiculed the 
philosophers of Laputa who studied how to make 
sunshine from cucumbers. But the method works. 

From the study of deteils such ag these come 

. These concepts, or some of them, show 

and take charge, as characters in fiction are 
said by authore to do. They are the bases for hypo- 
theses and ‘laws’, they are the things that get names 
mass, energy, ‘temperature, entropy, wave-length, 
charge, electrons, quantum numbers, to take some 
examples from my own subject. 

Some do not survive: caloric, phlogiston. Others 
are deposed from ther i and become 
vasals of the more successful, as mass has of energy 
or valency of electronic structure. 

But the successful concepte—or the best of them— 
are nob concerned with details any more ; they pene- 
trate deep in the heart of things. Electrons, for 
example, are regarded es prevent in all ordmary 
matter, and in any attempt to explam the behaviour 


* Presidential Address delivered In Oardiff on t 31 and pub- 
lished In the Boptember taue of The Advancement Science, 


a 


of matter, physical, chemical or ulti biological, 
one is, if one goes deep enough, forced k on to 
them. At present they stand as a fundamental 
concept, but even if, as ig quite possible, they 
ultimately come under some still more general idea, 
the concept of an electron will still be used, aa mass 
is m mechanios. 

It unifies our thoughts over a vast area of facts. 
Thus there 1s excellent reason for believing that the 
whole of chemistry is explicable in terms of electrons 
and the wave functions which describe their location. 
This is an enormous simplification of thought, even 
if the mathematics are too diffloult to work out 
in most cages. It does not much matter from this 
po ee ee 
electronic computers if you really want to know the 
answer to a practical question. 

Scientific concepte enable certain of the 
enormous complexity of the world to be handled by 
men’s minds. They are suggested mostly by i 
ment but partly by mathematics, and contro by 
the need that ther should not lead to illogical 


consequences. 
These ‘concepia represent an extension of the 
human intelligence. They ere not easy; many have 
subtleties which, for example, oblige the popularizer 
to take anxious care lest m trying to simplify he 
make statements which are simply untrue. Some 
are mote fundamental than othera, but even those 
which turn out to be only rough pictures of what 
their usefulness. 


and if details are not needed a sketch is often clearer. 
are discoveries as well as, indeed more 
mag nated They have more in common with 
the discovery of America than with the invention 
of the spi jenny or of the electronic computer. 
Some at least have been forced on unwilling es 
by hard facts and have resisted many attempts 
displace them. Tae N eriy A gti 
quantum 


theory. 

Not merely are they an exercise of the human 
mind which equals the brilliance of any system of 
thought, philosophical or even mathematical, but 
they represent reality. 

The nature of the relationship is to mo a mystery, 
but they are certainly not merely the product of the 
human mind. 
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Sciemoe is a pyramid based on many varied facts, 
topped with a crown of ideas reaching to the skies. 
ita stability. I sometimes think that in philosophy 


the is the other. way up | 

a as Wank oa ister esas m this I 
speak for the great majority—is that the world should 
realize that we are not mterested merely in making 
Posen ey Omg. een See veep 
though all these are important, but in enlarging the 
bounds of human knowledge. 

The of the human race is indeed many- 
sided. tae ai io ee ee 
esl aon asa ET 
Piece of music and that w. puke oni a aes 
novel or a great picture. Yet all are evidence of 
greatness and worthy of the name. Still more go is 
moral greatness. ‘“There is one glory of the sun and 
another glory of the moon and another glory of the 
siars.” 


I have no desire to exalt our profession unduly, 
but surely the ability to understand, even to a 
limited extent, the world around him is one of the 

of which man has good right to be 

it seems to be the one which most divides 
him from the animals. The lark’s song, the heroism 
of a plover luring an enemy away from her young, 
the cat who was seen to attack a grizzly in defence 
of her kittens—these, if taken at their face value, 
are notable even by human standards, but I am not 
aware (though I speak with great diffidence) of any 
a Maleate pt ai a aaa 


oe a ae ae iei 
apari of ecbeniee 6 idk i tate 
flict. The best way to make advances in technology, 


te De sone oe ee This is 
quite a recent discovery—indeed it probably 
only recently became true. It ‘would not have been 


Salar te amir pel to man in the stone age, or 


a e tee 

S tee mets onae or e y e 

much interested, and the thought. they gave it 
discovering thermodynamios. 


and fewer by_workmen on the bench. This is what 
one might expect. As fundamental principles get 
i le to use their consequences in- 


principles 
general way what is likely to happen. 

Then of course there are the modern technologies 
which derive directly from eee E ted 
bagio discovery, such as electronics and nuclear 


energy. 

This dependence of technology on pure science is 
ROR pretty ee Toena T nl The 
toriee which both make use of the baso discoverice 
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made in the universities and elsewhere, and contribute 
ther own. These laboratories may be owned and 


substantially helped by 
are black spots of course—industries which spend too 
T OO Pen ee ree) ee PE eed 
aeeene ie need 1s realized and reasonably well 


Te E at ane, Ne A E EE 
contributes to technology, and this m two ways, 
smadarialty and 1 the soatea of ideas: Consider first 
the material return; a modern physica laboratory 
could not work without instruments developed for 
technology and obtainable cheaply beceuse industry 

large numbers. Take just two 


: ary 
would be impossible without the cheap gee aces 
io and 


The other influence of techno. 


touch with reality, end end up by supposing that 
some elaborate piece of mathematica represents 
reality when, it is only a creation of the mind, in- 
spired indeed by physical reality but no more like 
it then is a modern picture ? I think we are safe so 
long aa the people who make these theories are 
Teasonsbly olope to those who use them, not merely 
in laboratories but also in dustry. 

A theory which involves detailed consideration 
of the behaviour of particles leas than p millionth 
of a millionth of an inch across would have seemed 
to Bwift too absurd to be even worth ridicule. Yet 
ce gia doce 


Visine a ee a poor 
relation of science. To me science without tech- 


nology is incomplete and inconclusive. Systema of 
pe come end: go; some are true 
who can tell? But when conclusions 

lead to 
machines can be designed, 
out the theory no one would have thought of m a 
million years, then indeed one knows that one lives 
in a universe which is rational, and that one has 
found the key to one of ita rooms. . 

In speaking to you to stress the importance of the 
idealistico—alnost the spiritual—side of science, I 
am hoping that my words may reach others not 
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here who are brought lees closely into ocontact 
with it than are most of you. 

May I remind you of a few of the ways in which 
scientific knowledge hag influenced and is influens- 
ing thought and the intellectual climate of the 
world ? First and most obvious is the idea of evolu- 
tion, that things change consistently and pase through 


succemBiVve whether they are mice or stars. 
That living creatures in i not only go 
through individual changes, (also that athe five 


of generations changes come over the race, or over 
a part of rt, and that these changes lead to profound 
differences like those which distinguish men from 
molhisos. In the year of the centenary of the “Origin 
of Species” just past, you have heard the profound 
consequences of this idea described much better 
than I can. 

In the course af my life the quantum theory has 
produced a revolution in physics le with 
that ced in biology by Darwin. We have been 
fi some of us very unwillingly, to believe that 
at bottom the laws of physics are not statements of 
what must happen, but of the relative chances of a 
variety of alternatives. ‘That the determinism of the 
planets, for example, ocours merely because planete 
aro cagendue cn dhe Borua meals nad whet dSn 
from the Sun very large, and that the ‘Nautical 
Almanack” would be i le if the solar system 
was reduced to the scale of a molecule. 
comes with a maasive body; or if the bodies are 
small, one must have very many of them so that the 
laws of statistics can manufacture- near certainty 
out of highly uncertain events, as they do in life 
insurance. 

This makes quite a difference to the way one 
regards the world, and I think its consequences are 
still not realized by the average educated man, 
though it has bean accepted by the majority of 
ee e It shows for one thing 

dangerous it is to extrapolate, to attribute—m 
this case—to the very small the kind of behaviour 
that is common sense when one talks of objecta of 
large or ordinary mre. That, for example, if a particle 
crosses a flat screen, with two holes in it, it must 


have gone through one to thé exclusion of the other. 


This is not true of an electron. 

The quantum theory stresses enother point which 
is fundamental to the modern view of physics— 
the i of. the observer. An experiment 
to be of any use must be observed. True, the immed- 
iate observer: may be a photographic plate which 
forms a latent image -to be developed and examined 
later, but there must be . In other words, 
the scientist can only learn about the world through 
his senses. Theories are meant to unify sensations 
and in this sense explain them, but on these sensations 
they ultimately rest. 

The observer first received proper attention m the 
theory of relativity. So long as there was 
to be an acther, there was a privileged observer, 
or class of observers,-those at rest with respect to 
it. Without i all are on the same footing, and 
equally entitled- to be oonsidered. Now relativity 
asserts that the laws oan be stated so as to be the 
same in form for all; no privilege is allowed. 

But relativistic observers, those rather 
creatures who go about with clocks and 
rods making 


precisely, the 
Rae A eee Oe Its ne 


Supplement to N A TURE of September 3, 1960 


839 


alter what is observed and in a manner which cannot 
be determined even after the observation has been 
made. In consequence the knowledge that can 
be acquired is limited, because each observation 
upsets something else one would hke to know. 
This was the first real hint that there are definite 
limite to scientific knowledge, limits not dependent 
on human patience or ; 


of Planck’s quantum of action, but a very similar 
conclusion might have been reached before the 
quantum theory was thought of. 

I think it is curious that physics remained determ- 
inistic m philosophy so long as it did. The power 
of accurate prediction in all systems diminishes with 
time. Even for the planete, those most orderly 
of creatures, & ‘Nautical Almanack” drawn up for 
the year 10,000 would be appreciably legs accurate 
than one for next year. When one is interested in 
mdividual atoms this logs of accuracy can be enormous 
and catastrophic. Quite apart from any quantum 
considerations, even if one knew the positions and 
velocity .of every molecule of a small sample of 
gas at one instant, one could not predict the path of 
& special molecule for example, by 
being radioactive ; one could not find, let us say, 
where it would first hit a wall of the vessel holding 
the gas. Hven supposing every gaseous collision 
fully determinate, a small error in an measure- 
ment mounts up, 88 Max Born has pomted out, with 
enormous speed. In a small fraction of a second 
all the detailed information is useless, and one 
ee ast a ee mtn 
a bability answer is possible. 8o 

into account one gete much the 
mano remy oven if Planck's constant were many 
orders of magnitude leas than it is. This kind of 
virtual imdeterminacy is inherent in Maxwell’s 
Kinetic theory. It seta as real a limit to certam kinds 
of. human knowledge, even given any thinkable 
extension of human akill, as does the 
theory. The circumstances to which it applies are - 


wide range of possibilities. ing 
question, for example, what is the best that could 
ever possibly be done in the long-range forecasting 
of weather. Can, say, a prediction of the weather on 
tine day ten years hence ever have any 


Yor 1a soins Fewpoatsiof nis behave tae i 

orward way. They pile eee a almost 
like spheres, like tennis balls: in fact. They are 
slightly compressible and their distances depend 
a bit on chemical relationship; but one can place 
them in order in molecules and still more definitely 
in orystels. The work which ig being done by the 
group at Cambridge under Perutz and Kendrew is 

& striking example of this. They have located most 
of the 10,000 atoms in the vastly complicated molecule . 
of hæmoglobin, the first protein for which this has 
been done. 

Single rows of magi and oocesionally individual 
atome, can actually be seen in the electron miero- 
scope. They seem as real, and almost ss common- 
place, as grains of 

In contrast to this matter-of-fact behaviour of. 
atoms, the electrons are strange fairy-like creatures. 
They have no particular place; even when part of 
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an atóm, one can at best assign them a region in 
which they are most likely to be found. Unleas they 
have an unusual amount of energy they cannot be 

a definite path. Even their approximate 
behaviour is queer and to treat them properly 


ke ted amd 

antiprotons oen. cree: 

Re A a ea ee ay E 
anti-particles. 

I should like to conclude by referrmg to two 
ideas of a somewhat more character 


probable that mass is energy considered from another 
point of view. This is expressed by Hinstein’s famous 
equation W == mot, Thus if energy is added to, or 
taken from, an otherwise closed system, the mass of 
the system will increase or decrease, as the case may 
be, though it takes a lot of energy to make much 

Eimstem’s conclusion has 


physics. Further, as I have just gaid, energy can be 
transformed into pairs of particles of opposite sign. 
Ti Deca to 100k ab If matier 4s Jaat anihan nata 
for energy. 

a T eer es a 
the property, thad messures inertia, but 
ronbos Wad. oe Newtonian mehana tha, bullet 
penetrates because of its mertia, which makes it 
continue in ite state of motion. However, mass is 

one property of matter, and perhaps not even 
Ane e important. There are mdications, rather 
slight perhaps, but not to be ignored, that matter 
i anbe eo eee Tear oF 
the many curious particles which have been found in 
coamio rays and later produced in the giant so- 
called ‘atom-amashers’ has shown the persistence 
oi oertain Petot a i Bp aie E Sal pent 
of spontaneous changes these particles undergo 
Two groups of these particles have appeared such 
that tbe.net number in each group remains always 
the same, and this in contrast to a third group for 
which there is no such constancy. i a aes 


one group leptons’, to which neutrinos 
. In the net number of electrons, 
one subtracts the number of i from the num- 


sum of the net numbers of the three 
electrons, neutrinos and yu Se uae ee 
leptons. “A acolat vale holda far the clean of particles, 
, neutrons, and some others, which rank as 
y. Leptons oan never change into baryons 


This geame a hint that underlying matter are two 
- classes of entity, each of which indeed can appear 


or 
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in several different forms aamsociated with various 


Matter is, I think, more than merely mass or energy. 

A neutrmo has sero rest mass but yeb is an entity. 

Ge a ee ne OPE epee oe 
fixed numbers. 


Godel OE ant ators a6:seel e's N E 

but matter may be somethmg extra. 
hip less (oca thoes mitaro, a orb 
ideas derived from physics. It is one of the strangest 
facta of Nature that she is so fond of whole numbers. 


many more is surprising enough 


protons and neutrons. The numbers are 
fundamental and characteristic. An atom of carbon 
ie ee sd ee a 
electrons, six protons and six, seven, or eight neutrons 
according to which of the three kinds of carbon atom 
peeves to 
This is such a commonplace of science that one 
is api to fe for ried But surely this, and 
facts about other stome, are most startling 


of protons and neutrons m the nucleus, but there 
are indications that it may be. We are getting back 
to one of the earliest scientific ideas. Pythagoras 
taught that whole numbers are supreme. 

It is worth notice that the masses of the atoms, 
beat paccesste BETON ane AE Cee a 
show only rough Tho energy of forma- 


is here a continuous variation, for the unit is hy 
and y can have any value. Yet even here we have 
unite in a sense, and all photons of the same frequency 
have the same energy. 

Molecules, again, aro composed each of an integral 
number of atoms. It is true that at the moment 
of a reaction, it may be difficult to say which atoms 
ee ee ae 
cule is valid ; but few would deny ite i 
general. It is a which, though it owes some- 
thing to the desire o. the human mind to ; 
yet arises almosb inevitably from Nature. the 
Martians sre con chemists they will, some- 
times at least, in termes of molecules. . 

Rather the same can be said of the concept of a 
cell. Living matter is generally ing cellular, 
and the cells that compose a given kind of tissue are 
mostly pretty much alike in site and shape. Even 
the organisms that they form tend, at least, to fall 
into jes each 00 
parts of an individual are multiplied, for example, 
scales or leaves. 

While the ‘atomicity’ of electrons is perfect in 
the sense that each is m principle indistinguishable 
from any other, and the possibility of exchange 
without resulting difference is built into the theory, 
the atomicity of members of a species, of cells, and 
even of molecules is leas rigid ; but concepts embody- 
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ing it are highly useful and represent something real 
in the world. 

At present one can only speculate as to how far 
the complete atomicity of the elementary particle 
causes the partial atomicity one sees in biology, or 
for that matter in astronomy. If it is not a sufficient 
explanation, then we must look even deeper than 
the elementary particles for this prmoiple of atomicity, 
which would make it very fun indeed. 

I have tried here in æ very discursive fashion to 
remind you of a few of the ways in which science 
hag provided, and is providing, new ideas tied closely 
to experience, though often experience of a special 
character. These ideas constitute an achievement of 
whioh man may well be proud. ee es 
for beings, so utterly insignificant 
the smallest of the stare that are sca sates 
less abandonment in the heavens, to be able to 
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understand some at least of the principles which 
control their existence and enable us to perceive 
them. 

To see these principles as applying equally on 
Earth, as manifest in the most varied phenomena ; 
in the motions of the tides, m the blue of the aky, in the 
lightning flash, and in the falling apple ; to our 
understanding by creating, on however a scale, 
compositions of our own which use these principles 
in new ways of our own devising; to be i 
to see some light on the nature of living matter and 
how living forms can transmit themselves to deacen- 
dante ; all these are worth while and worthy to rank 
with the achievement of sculpture, of musio or of 
literature. 

Science is not merely the control but also the 
understanding of Nature. Its two aspecte must be 
held in equal honour. 


SUMMARIES OF ADDRESSES OF PRESIDENTS OF 
SECTIONS 


STELLAR MOTIONS 


TELLAR motions relative to the Sun are reeolved 
into tangential and radial components. The 
former appear as proper motions and are seen as 
displacements of the direction in which the stars are 
seen. These proper motions, aa Dr. R. v. d. R. 
Woolley in his presidential address to Section A 
(Mathematics and Physica) pointa out, are measured 
by comparisons between new and old catalogues of 
star positions determined by meridian instruments, 
and by comparison of new and old photographic 
plates. They can only be converted into Imear 
velocities in km. per sec. if the star's distance is 
known. The radial component of a star’s motion is 
directly observed in km. per sec. through the Doppler 
shifts in the star’s spectral lines. Only in the oase of 
the nearest stars can the distance be measured by the 
direct trigonometric method. In the case of a moving 
star cluster such as the Hyades, an independent 
method exists, as the observations of proper motion 
and ridial velocity are consistent within the errors of 
measurement with the hypothesis that the motion 
of the cluster stars is equal and parallel. The geometry 
of this motion permits a determination of each star’s 
distance. Recent measures conducted at the Royal 
Greenwich Observatory indicate that the dispersion 
in the velocities of these cluster stars is leas than 0-5 
km./seo., the total motion relative to the Sun being 
about 44 km./sec. The permanence of this motion 
raises in ing questions. 

When the velocities of the nearby stars are resolved 
into three components along rectangular axes, point- 
ing towards the centre of the Galaxy, the pole of the 
galactic plane and a third axis (tangential to galastic 
rotation), it is found that the distribution of velocities 
in each co-ordinate is more or less Gauasian and 


inferences may be drawn from the three velocity 
dispersions, which are Relaxation of the 
stellar velocities is incompiete. Discussion of the 
motion perpendicular to the galactic plane leads to a 
determination of the average density (due to stara, 
dust and gas) in the solar neighbourhood. 

Stellar motions exhibit a number of cases in which 
stars apparently wide apart in the sky share a common 
motion. When this can be established, the distances 
of the stars concerned can be found, even if the stars 
are too far away for a4 reliable determination of 
trigonometric parallax. Some important cases occur, 
as has been shown recently by Dr. Eggen, of the 
Royal Greenwich Observatory. A further case of 
stellar motion is that of the Cepheid variables. Theee 
are all too far away to show measurable trigonometrio 
parallaxes, but the average motion relative to the 
Sun and its dispersion can be found from radial 
velocities alone. The distances can be found from 
the period—luminosity relation, apart from a constant 
multiplier. This constant multiplier oan, be chosen to 
make the average motion agree with the 
average radial velocity. The result is a determination 
of the zero point of the period—tuminosity relation 

among Cepheid variables. This determines the 
statins of the Large Magélisia Cloud and misai 
of all objects including extre galagtio nebulæ which 
contain Cepheid variables. 


CHEMISTRY IS NOT ENOUGH 


. JAMES TAYLOR reminds us in his presiden- 
tial address to Section B (Chemistry) that for 
better or for worse we are living in a society which is 
based physically on Western science and technology. 
This has inescapable consequences for the scientist. 
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To the everyday warld science is only a means to an 
end and not an end to itself. Science is not enough. 
Chemistry is not enough. Modern societies are 
pre-ocoupied with efforts to improve their material 
conditions. The means which are used depend an the 
application of scientific knowledge. Only scientists 
have the necessary training for establishing and using 
the technologies required to exploit recent major 
ies and those likely to arise in the future. 
It ia clear that they will be brought more and more 
into technology, and thus into industry, the vehicle 
by which mankind exploits science for his own ends. 
It is certain that Huxley’s view “that the chief aim 
of the scientist should be to increase material know- 
ledge rather than human convenience” cannot 
prevail in modern society, which will be forced to 
deploy ite scientists in a manner conducive to 
ita objectives. 

The scientist must come down from his ivory tower 
and play a full part in developing the ‘good hfe’; 
not merely as a narrow specialist supplying the data of 
invention, but also m the whole complex of problems 
which confront us. To prosper we must have an 
adequate supply of new discoveries and ideas to 
provide for future progress. In the future such 
discoveries are only likely to come from the profes- 
sionally trained scientist and, particularly, the 
‘academically trained’ individual. The laboratory 
discovery, however, is only one event in a lang train 
which culminates in sucoeasful manufacture, and the 
an involves in rg research, development and 

mical engineering in all of which the chemist 
oie an i 


| growing part. 
While formerly soccer industry was directed by 
men of non-scientific education, nowadays their 
place haa largely been taken by men with scientiflo 
education. Equally important, such men have 
achieved, in oonsiderable numbers, general and 
administrative responsibility in financial, commercial, 
sales and personne! positions throughout the chemical 
industry, and thus for the first time the scientist 
is in the position to fashion the ends as well as the 
means. Scientists are also making an increasing 
contribution in work study, operational research, 
analysis of requirements and the study of overheads. 
In its widest sense the scientists’ contribution to 


it is the application of e 
which can be shared alike by the scientist, the finan- 
cier, the salesman and, in the final analysis, the 
workman 


Tho scientist and chemist makes his initial contribu- 
paca dearest peep at mie tg a 
He has accepted technology and industry, but finally 
in-the wider world of politios and affairs, where aa yet 
he- has neither been accepted nor indeed applied 
himself, he must deliberately reach out and become 
an active force. This is his destiny; to this end he 
born. 


was 
tx 


PLEISTOCENE HISTORY OF THE 
` {RISH SEA 


-DAY—as in earlier interglacial periods—the 
-Trish Sea forms a water-barrier separating Ireland 
from Britain. But during the Pleistocene glaciations 
its basin was a broad dry valley down the floor of 
which ice from Scotland advanced southwards. It 
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‘was with this in mind that Mr. G. F. Mitchell (7 


Daring a later phase of the last (Weichsel) 

tian, ice inosine mountains of Wicklow 
and of Wales, can, be 
a Wootten bow Geis GF ths Bea. At 
the same time a lobe of ice advanced down the 
Cheshire Plain, discharging its melt-waters into the 
Severn valley; layers of mud in the melt-water 
gravels have a radiocarbon age of 42,000 years. At 
Chelford a deposit of mud, which lies below the 
deposita of this ice-lobe and contains wood of spruce, 
ee ee ee 

mud should thus belong to an interstadial stage 
within the last glaciation. Nothing is known of the 
oo Heme ere Wena glaciation in the Irish 


A freshwater deposit at Ardoavan in Wexford is 
assigned to the last (Eem) interglacial period. It 
temperate conditions 


and a8 sea-level no 


age pewich, 
London and Selsey all lie cloge to modern sea-level, 
and give no pogitive evidence of a high sea-level 
around the British Isles during this’ interglacial 


period. 
During the preceding oe ED ene re evened 
as far as Hoxne in East where it 
Gipping boulder clay on top of the famous inber- 
glacial deposit. There was a corresponding advance 
down the Irish Sea, from the floor of which the ive 
ted marine clays and shells. A oaloareous 


seg ge rie ay sell ek pA 
forest. At Kilbeg, Waterford, trees such as fir, 

, Pine, yew, rhododendron and box were 
minant, and the deciduous trees were poorly 


clay rise to 60 ft. 
ABODA Ee ee ee 
recorded in eastern England at Kirmington and the 
Nar valley. 

In the Weichsel and the Saale glaciations ice 
advanced far south in eastern England and in the 
Irish Sea. In the Elster glaciation ice reached the 
Thames valley, and there must have been a ocorre- 


spo advance in the west. The younger (Holstein) 
beach of the Irish Sea contains far-travelled arratios, 
the of which is usually attributed to 


transport 

floating ice. But the glacial seas had their shores far 
to the south and at much lower levels, and only an 
ice-sheet of Elster age could have carried these 
erratios to the levels at which they are now found 
around the Irish Sea. The Giant’s Rock near Porth- 
leven m Cornwall and the erratios of the Cork coast 
indicate the limita of advance. 

. For the ing (Cromer) interglacial period we 
have no record of vegetation. But a widely dis- 
tributed shore-platform shows that the Irish Sea 
must have stood for a considerable time about 20 ft. 
i level.- The beds at St. Erth 
and the Red shells in secondary position in 
the Isle of Man and m Wicklow show that there 
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must have been still earlier marine periods im the.- 
basin. 


When the ice of the last glaciation retreated up 
the Irish Sea it deposited three large moraines. The 
first rung from Wexford to the Lleyn Peninsula about 
320 ft. below modern sea-level, the second from 
Wicklow to the same point 270 ft. down, and the 
third from north Dublin to the Isle of Man and 


moraine may have been 
Te Weta ol ath Poea ioe deel the oni 
and third probably persisted for some time, and 
provided routes for the postglacial tion of 
planta and animals into Ireland. If the lmk between 
Ireland and the Isle of Man was severed before—but 
Oe ee ee or a ee 
of Man and Britam, then Taniy oe 

features of the modern flora and of the cane of 
Man find ready explanation. 


TROPICAL CLIMATES AND 
BIOLOGY 


his presidential address to Section D (Zoology), 

Dr. Q. S. Carter took as his subject a comparison 
between tho results of tropical and temperate biology, 
emphasizing especially work in the tropics which 
has oun not to be from our know- 
ledge of temperate biology. As an introduction to 
his address, he gave a short account of the climatic 
conditions in the tropics that seem most likely to be 
biologically important, the less-marked 
seasonal ee ee and ‘the 
ioral of variations im the amount 


et first example of biological work in the tropice 
that bas given results unlike those of similar work 
in temperate regions was investigation of the 
conditians of life in shallow and stagnant tropical 
swamps. The waters of such swampe are always 
markedly and sometimes almost completely de-oxygen- 
ated, even, close to the surface. This is due to several 
conditions resulting from the tropical climate and 
not present in similar temperate waters. Of these 
conditions the most important are protection from 
wind disturbance by thick plant growth above the 
water, absence of overturn in the warm tropical 
nights, and rapid absorption of any oxygen that 
reaches the water in the chemical and biological 
proogsses of decay at the high temperatures. The 
faunas of tropical swamps are variously adapted to 
these conditions. The swamps ate the habitat 
of most of the known air- species of 
fishes, and the invertebrates show many different 
kinds of adaptation to life in a de-oxygenated n- 
vironment. 

The distribution of sulphur compounds in African 
lakes gives a second example of unexpected resulta in 
tropical biology. In Lake Victoria and other lakes 
the hur content of the water is low. But 
when ae the bottom of the lake 1s examined, 
it is found its content of sulphur is extremely 
high to depths of at least 10-15 m., and, surprisingly, 
that the sulphur in the mud is almost all in organic 
compounds. It seems that the faama absorbs sulphur 
compounds from the water, which thus becomes 
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. denuded of sulphur; the sulphur in their bodies is 
carried down to the ‘mud when they die; and—this 
is the surpriaing feature—the sulphur " compounds 
go brought into the mud do not break down even 
in the thousands of years needed for the deposition of 
10 m. of mud. Sulphur can be returned from the 
mud to the water only if it is absorbed by the roots of 
the aquatio plants, which contain a normal concentra- 
tion of sulphur. No similar situation is known m 
tem waters. 

The control of seasonal rhythms of breeding and 
migration in the many tropical environments that 
are nearly invariable in climate throughout the year 
is & problem not met with in temperate biology. In 

rain-foresta the only significant seasonal 
climatio change is in rainfall, and even in fainfall the 
variation is more in amount than im frequency, for 
rain. falls at intervals of not more than a few days at 
any time of the year. Yet even in these environments 
most species show seasonal periodicity of breeding, 
and many migrate to other regions at definite times 
of the year. How these periodicities are controlled 
and especially whether endogenous rhythms play 
any part in their control was considered. 

Finally, the means by which small mammals are 
able to maintain their water-balanco in desert 
environments was discussed, and, im oconclusion, 
a plea was made for more work in the wide 
and still largely unexplored field of tropical 


biology. 


WELSH EMIGRATION OVERSEAS 


F. E. G. BOWEN, bene head of the Depart- 

ment of Geography and Anthropology at the 
University College of Wales, Aberystwyth, could 
have chosen a more apt subject for his 
presidential address to Section E (Geography) than 


for its size to the peoplmg of new territories 
overseas. 


In the main, Welsh emigrants have left their homes 


miners, 
New World and in Africa ; 
others had laf the homeland in search of religious 


Welch nog people overseas are engaged im commercial, 
administrative or educational work. In recent years, 
the historians have gathered together a considerable 
amount of information regarding Welsh emigration 
to individual countries, but no one has yet attempted 
an overall picture, or examined the matter from a 
strictly geographical point of view. All this has been 
mado A pee the data assembled at 
Do a by the isty of Welsh People im Dis- 
persion (Undeb y Cymry ar Waagar). The overall 
Picture brings- out most of the pointa mentioned 


Special attention has been directed to the Welsh 
communities in those countries, such as the United 
States of America and the Argentine, which lie 
Welsh Colony on the banks of the Chubut River in 
Patagonia is studied in some detail, and much new 
evidence is made available concerning the prepara- 
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tions made for the great adventure in the middle of 
the past century, and the extent to which the Welsh 
emigrants were misled before they left ther native 
land, irio aes geographical conditions they 
were gomg to find in their new homeland in the 
South Atlantic. 


MONETARY THOUGHT AND 
MONETARY POLICY IN ENGLAND 


HE purpose of Prof. R. 8. Sayers’s presidential 
address to Section F (Economics) is to review 
the theoretical approach to the problems of monetary 
policy, in the light of changes m the mstitutional 
and political environment. It is confined to questions 
of internal poloy: the theory is that of a cloged 


system 

Since 1800 all policy has been based on a broad 
quantity theory approach: ao simple supply- cee! 
demand analysis, ın which money 38 
bamcally different from other commodrties. ‘Although 
the abstract sense of money, a6 the unit of account, 
18: unambiguous, money m the concrete sense—the 

. medrum of exchange—has no parallel sharpness. It 

is impogsible to identify money either by reference 
7 to use, or by the absence of interest, and the distino- 
-tion between active money and idle money is only 
notional and may mislead. 

For the purposes of policy we have to think of the 
pressure of total demand, and for this purpose all 
claims potentially useful for incurrmg market com- 
mitmenta sre relevant. This includes the gross 
volume of trade credit, variations in which can dwarf 
variations in bank credit. Non-bank credit has no 
regular proportionality to bank oredit. If all these 
problems are re-formulated with the use of the oon- 
ventional concept of velocity of circulation, the 
conclusion remains the same, and there remains the 
question whether any disturbance seta up equi- 
librating forces. 

The question of the relation between an acknow- 
ledged kind of money and other assets with some 
monetary qualrty has been debated continually since 
1800, sometimes (as in the ‘Currency School’ period) 
with great vigour; these controversies sre revi 
in some detail. It is argued that the equilibrating 
mechanism depended on the power of bank rate to 
mstil fears of trade depression, that during s long 
period this mechanism was overlaid by the extra- 
ordinary power of bank rate over the foreign exchange 
situation, and that the power has been undermined 
by the ‘full employment’ pohoy. 

In the inter-war period more attention was given 
to the equilibratmg mechaniam, and ideas about the 
function of the rate of mterest im this mechanism 
were developed particularly by Keynes. These 
developments in monetary thought are briefly 
reviewed, and it is shown. that the formulations then 
used continued to depend on the notion that the 
supply of the means of fal payment was of critical 
importance. The dangers of this kmd of analysis 
have since been underlined by the development of 
fmancial intermediaries and by the behaviour of 
trade credit. In a rising boom, the sources of liquidity 
broaden, and the msing demand for the means of 
payment comes too late and is too easily satisfied. 

These developments have tended to make the 
banks relatively lees influential, and to narrow the 
basis on which direct suthoritative action has 
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 tradrtionally. bean, imposed. This negative conclusion 


is the most important of the examples given to show , 
how the shape of theoretical analysis bears upon the 
practical problems of policy. 


STATICS AND THE ENGINEER 
IR ALFRED PUGSLEY’S presidential FEE 
to Section G (Engineering), which is 

an indication of the notional difficulties ee t arise z 
statios when divorced from engineering and is closed 
by an emphasis on the power and grace of statics, 
touches on the interests of schoolboys, mathe- 
maticians and engineers alike. 

An introductory section brmgs out the way in 
which mathematios, and particularly statics, entered 
into constructional engineermg, and seeks to show 
how the relation between theory and practice in 
engineering has changed from one in which mathe- 
maticians were imposed on engineers to one in which, 
at least in statics, engineers themselves embrace the 
theory and seek to advance it. 

The outoome of this change is then illustrated in , 
some detail by reference to developments m applied 
statics in a number of fields. The new understanding 
of sold friction is seen ag the result of a replacement 
of the amooth rigid body notions of classical mech- 
anios by the realistic, rough and deformable-body 
ideas of the engineering subject of strength of 
materials. The limitations of nineteenth-century 
methods of analysing frameworks, based upon 
classical statics, are seen to fade before the more 
general energy methods of this oentury, linked with 
ideas of elastic strain-energy; and these energy 
methods are themselves seen to develop—albeit 
hesitantly—in the hands of engineers. Some atten- 
tion is also given to the efforts of engineers to achieve 
economy in the arrangement of ther frameworks. 

It is an easy transition from the problems of the 
plane and space frames of great bridges and airships 
to those of modern suspension bridges. Here there 
is added to the usual linear problems of strain energy 
a non-linear gravitational energy problem due to the 
great weight of the bridge iteelf compared wrth the 
applied loads arising from crossing traffic. 

The development of statios for and by engineering 
works is further illustrated by the problems that 
arise m the thin tubular structures of ballistic. 
missiles, the remforoed shells of submarines, and the 
bathyscaphe cabins of Piooard and his successors for 
deep-sea exploration. The static stability problems 
of such tubular and shell-like structures are briefly 
examined and seen to present new challenges far the 
future. 


THE PEASANT AND THE PAST 


F. ESTYN EVANS, in his address to Section 

H (Anthropology), spoke of the peasant and the 
past, and the significance of present-day folk-hfe 
studies for the im: tion of archmological evidence 
and the better ing of the food-producing 
societies of Neolithic and later times. An intense 
interest in the whole pest of man on Earth was a 
feature of the present age, stimulated on one hand 
by a growing sense of world unity, and on the other 
by discoveries which had brought the means of giving 
precision to the chronology of human history in 


a 


No. 4740 


periods before written records were “kept. 
peasant values appeared to be so universal and 
` Cert dace e es aer ka e 
the past. ‘The term peasantry, stripped of ita senti- 
mental associations. and derogatory ~ implications, 
could be.defined ‘as a ‘traditional society for whom 
farming ‘was a way of life and not a business invest- 
ment. It was a part-society standing in a two-way 
relationship with an élite which was normally an 
urban society. It had to be sufficiently stable and 
technologically advanced to be worth exploiting in 
one’ way or another, and possession of the he plough 
and traction animals, with regional types 
of settlements and fleld-systems, were normal con- 
7 comrtant features. These indices were traceable by 
archmological methods, and it could be shown that 
peasantries or near-peasantries were of long standing 
In many parte of the Old World. Interpretation of 
the material evidences of archsology could be supple- 
‘mented by the use of parallels drawn from folk-life 
studies among surviving ‘tries. 
. Ecological studies of peasant societies were badly 
needed. Social anthropologists had tended to devote 
theif attention to ‘primitives’ ee eee 
pre-occupied with such matters as kinship that they 
- paid inadequate attention to variations in economy, 
technology and society in relation to environment. 


Some.. 


- more profitable to investigate regional examples 
before trying to establish universals. In an attempt 
‘ to trace continuities by using evidence drawn from 


' folk-life studies and archwology, Prof. Evans took - 


Ireland os his example, a region where the 
archwological record was relatively short and 
complete, where a vast amount of oral tradition 
was available, and where peasant folk-ways had 
not entirely succumbed to the accelerated forces 
of’ change. It was sometimes objected that such 
‘local studies, by seeking continuities, could lead to 
the false conclusion that civilization was indigenous. 
They might, at the worst, breed parochialiam and a 
narrow nationalism. “In groping backwards through 
our own past,” said Dr. Evans, “it is important that 
we ahould not ignore the warning light brandished, 
however provocatively, by the drffusionists, and so 
fall into the trap of regarding civilization as the 
product of local evolution.” 

` _ In fact, folk-lore tended to foous its attention on 
` _. the periods and phenomena of contact and could thus 
provide a guide to acculturation. At such oritical 
periods folk-lore and folk-ways tended to be revital- 
ee a 
. Process. Or outmoded ways, driven underground, 
aeepmed magio powers, and many curious survivals 
provided clues to practices that were probably once 
widespread. The establishment of more folk-museums 
as instruments of record and research was urgently 
called for. 

Prof. Evans concluded by directing attention to 
the relevance of such research ‘to the theme of the 
Cardiff symposium on world food supplies and popu- 
lation. Perhaps two-thirds of the world’s po ion 
were primary food-produocers at, or not far removed 
from, peasant-levels. Their practices and values were 
often out of step with the moden world, but in 
many areas improved standards of living could be 
obtained with least disruption by ing the 
institutional framework of peasant societies. We 
should know more about them before they are finally 
transformed and lose their links with the past. 
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PHYSIOLOGY OF HEARING 


recent years considerable advances have been 
made in eres physiology, especially that of 
the: internal ear. At present, also, there is increased 
interest in noise ag an environmental factor, stimu- 
lated largely by the introduction of turbo-jet aircraft 
into commercial operations, and questions are fre- 
quently raised on the possible effects of noise on 
ane working efficiency and bearing. The time was 
thus opportune for Prof. W. Burns to choose ‘“The 
Physiology of Hearing” as the subject of his presi- 
dential address to Section I (Physiology and Bio- 
chemistry), 


Considering first the physiology of the 
mechanism, the chief interest resides in t 


ally those made possible by electronic means.” 
mechaniam of the middle ear and the movements of 
the structures of the cochlea of the interná] ear, as è 
result of sound stimuli, have been established beyond 


collectively known as the cochlear partition, essen- 
tially takos tho form of travelling waves of trensverm 

lacement. These originate at the base of the 
cochlea and travel towards the apex, in response to 


ray die away. The eee tt of maximum ampli- 
broadly determined by the frequency of the 
causal sound, the high frequencies near the base, and 
lower frequencies near the apex. The lowest fre- 
quencies involve the whole cochlea. 

These findings, although they do not substantiate 
any of the earlier theories, do ımply a form of 
resonance, albeit a rather broad and unselective one, 
which is capable of performing a somewhat low-grade 
form of frequency analysis at the periphery. 

The means whereby this resonance pettern is trans- 
formed into nerve impulses has been intensively 
investigated, ially at the Central Institute for 
the Deaf at St. Louis by Hallowell Davis and his 
collaborators. In a long series of mvestigations, the 
findings of Békésy on the vibrational patterns of the 
cochlea have been confirmed by electrical means and 
much new information of outstandmg importance 
has been obtained. Tt now appears that tho clectrical 
positivity of the scala media with respect to other 
tissues is maintained by metabolic activity of the 
groupe of cells known as the stria vascularis, and that 
this potential a store of energy which can 
be released for the of stimulating the auditory 
endings when 


ting 
appear to be derived from movements in various 
directions of the hair cells by displacement of the 
hairs. These displacements are caused by relative 
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Pat baron DE Brash role ae DE We ogan oe 
Corti and the overlying tectorial m which 
the hairs are embedded. The anasto: distinct 
ere Gf Mae calle een Gace 


added by the activity of synaptic mechanisms 
Gu ee ee 


hearing damage in differant people. 
However, three types of effect of noise on hearing 
can be Noise may produce 
threshold shift, which is a reduction in 


in sensitivity 
affecta frequencies, in general, higher than thoge 
which caused the temporary effects, and this is 
clearly demonstrable in the cease of pure tones, 
although wide-band noise shows the same tendency. 
Most of the temporary threshold shift ia acquired in 
the earlier hours of a day spent in noise. The second 
effect may be called ‘acoustic traume’ ; and it may 


ee ee DE Tae 
oes tends to occur at the higher 
may be detected by an audiometric examination, 
long before it is subjectively noticeable, or any 
social disability has occurred. Neglect of such signs, 
or continued exposure, however, will result in & pro- 
gressive involvement of the lower frequencies, 
including those used for speech recognition, and if 
this is so the person will become aware, as will his 
family, of difficulties in understandmg normal 
convergation. 

Loss of hearing due to occupation occurs only in 
certain noise conditions and in certain people. Big- 
nificant loes is avoidable by the use of certain measures 
which are not difficult, but may be tedious and time 


age, to allow for the normal deterioration, of hearing 
with advancing years. The greatest need at present 
is for more research into the precise relations between. 
the different characteristics of noise exposure and 
the affect on the ear. In the meantime, tentative 
relationships are used in deciding whether a given 
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response to noise is, on average, harmful and whether 
noise reduction, hearing ion, or other means 
should be used. However, better lmowledge in this 
field will ‘enable more precise and efficient hearing 
conservation to be practised. 


EXPERIMENT IN PSYCHOLOGY — 
A CENTENARY AND AN. 
OUTLOOK 


HE publication, in 1860, of Gustav e 
Fechner’s “Elemente der Psychophysik”’ 
commonly taken to be the starting-point ene. 
. Prof. R. O. Oldfield, in his 
presidential address to Section J (Psychology), traces 
some features of the subsequent history of the subject 
and referred especially to inter-relation of theory and 

experiment. 


Fechner, he said, was an outstandmg innovator. 
He introduced the stimulus—response method, made 
physical measurements throw light on psychological 
problems and statistical and experi- 
mental design. Psychophysice was ane of the first 
branches of biology to make use of quantitative 
methods. It was Fechner’s misfortune to initiate a 
period of controversy over the problem of measuring 
sensation. Hermann Ebbinghaus, in his work on 
memory, shares with Fechner the distinction of first 
revealing simple quantitative relati among 
Phenomena at ae psychol level. In both cases 
the outcome of their work is independent of ite 
particular rationals, and ita interpretation is still a 
matter of active inquiry. Bartlett's studies of memory, 
on the other hand, illustrate the usefulness of experi- 
mental work not constrained by the more rigid canons 


record of novel experiment, and the decisive over- 
throw of gratuitous preconceptions regarding per- 
ception which they brought about, gave tremendous 
fresh impetus in a wide field of research. 

More important, probably, in the long run, were 
the developments which led to the establishment of 
physiological and comparative psychology on a 
scientific basis. Watsonian behaviouriam itself had at 
least the merit of provoking controversies which, 
when they had subsided, allowed a fresh start on a 
simpler and more direct basia. But the vital step 
was taken when 8. I. Frans, m 1902, combined the 
quantitative systamatio methods for the study .of 
animal behaviour devised by Lloyd Morgan and 
Thorndike with the cerebral ablation techniques 
developed by the experimental neurologists of the 
nineteenth century. Following the extended pioneer 
work of Lashley, these forms of t are now 


The ae paling of the pene keeping closely 
in touch with anatomical and physiological factors, 
Prof. Oldfield suggesta, does not lie in the 
immediate hope of explanations of psychological 
functions in these terms, but in maintaining theor- 
etical gi i i 
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Systematic observation of, and aimple experiment 
on, animals behaving 
extensively developed by the ‘ethological’ school, has 
formed the natural and fruitful camplement to 
laboratory studies. The theoretical formulations of 
this school have proved leas rigid than they initially 
appeared to be, and much may be expected by oros- 
fertilization between laboratory, and field, observa- 
tion. 

The possibilities of experiment on human beings 
are, however, not being neglected, and Prof. Oldfield 
gives one example, from the field of speech and 
language, where a freah theoretical approach and 
new technical resources have led to rapid progress, 
with extension into other topics such as atten- 
tion, where a oentury ago effective quantitative 
experiment would scarcely have been thought 

le 


In concluding, Prof. Oldfield makes a number of 
observations about the prospects of experimental 
psychology. The most important factors making for 
good progress in the immediate future he believes 
are avoidance: of iali fall and free col- 
laboration between peychologista and workers in 
other relevant flelds, the attraction of more young 
people of first-class ability into the subject and the 
provision of the right atmosphere for them to learn in 
as undergraduates and as graduate research students. 
He thinks that the future of the subject will be that 
of a biological discipline, destined one day, perhaps, 
to be instrumental in extending the present range of 
fundamental biological conceptions. The next hun- 
dred years promise exciting developments. But, 
feeling that there is little present evidence of any 
real wish on the part of human beings to understand 
themselves, he is unwilling to predict what their 
impact on people generally may be. 


ORIGIN OF ANGIOSPERMS 


7 2 Rai P RETEA by Prof. T. M. Harris, 
in his presidential address to Section K (Botany), 
to the fact that foasil botanista have had notable 
i bringing ancient plants to light, when th 
happened to have good material to study. They 
have bean much less successful when they have 
directed their research to answer a specific question. 
Their longest sustained effort has been to discover 
the early ancestors of the flowering plants (Angio- 
sperms), and here they have failed almost completely. 
The main thing that can be claimed an the credit 
side from much devoted research is that the fossils 
which they hoped they would be able to establish as 
ancestral flowering plants have been proved to be so 
different that no one now so regards them. Instead, 
they ere representatives of extinct and strangely 
organized plant families. Progress has been made, 
PU pon a she: way nnana, 

equivocal knowledge of some early flowering 
plants would not only eatiafy the Pn orto 
desires ; it would also have a profound effect on the 
botany of living plants. In two plant groups, the 
ferns and the conifers, the right sort of information 
is at hand from fossils ; instead of interminable dis- 
cussion there is simple agreement on the numerous 
botanical problems where the foils tell a clear 
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In fact, little more is known now about the fossil 
history of flowering plants than in 1860, but what 
was a doubtful boundary of knowledge then is now 
a clear boundary. It was then known that fossil 
flowering-plant organs, leaves, wood, fruite, seeds 
were common throughout the Tertiary period and as 
far back as the Cretaceous period, but they ceased 
rather after the Middle Cretaceous. Before that there 
were plenty of ferns, conifers and other planta, but 
very few that suggested a flowering plant. Those 
few which did suggest one were afterwards taken up 
enthusiastically for study and shown to be nothing 
of the sort. Each decade has provided one or two 
new candidates, and most have since been rejected 
as the result of much hard work. 

Fifty or a hundred years ago it was suggested that 
the flowermg plants evolved in remote and geo- 
logically unexplored regions, perhaps’ near the North 
Pole, or perhaps on an isolated island, like New 
Zealand. . Then, m the Cretaceous, geographical 

allowed them to escape and to spread over 
the Earth’s surface and presently to exterminate 
most of the previous flora. As more 16 learnt, this 
kind of explanation becomes lesa likely; there is 
evidence now, for example, that the flowering planta 
arose at about the same time and in much the same 
manner in New Zealand as in Britain. There 1s, in- 
deed, a current idea that they dominated the Jand’a 
little earher in the tropics than in high latitudes ; but 
it is not yet agreed where the Cretaceous poles and 
tropics lay. There is, too, a current theory that they 
evolved first in dry and upland regions, the fossils of 
which are seldom preserved. These theories are, in 
part, excuses for failure and what is needed more 
than excuses is a hypothesis which is a recipe, if not 
for success, at least for vigorous work. It seems, 
too, that the days of these theories may be numbered 
now that foesil-polien is being so widely studied. 
Pollen blows far, and if the flowering plants were 
anywhere in force before the Cretaceous it should 
be possible to find their pollen. So far, what is 
known is that their kind of pollen appears and 
increases at the same time as the leaves, or only a 
little earlier. Before the Cretaceous, there are & 
few claims for flowering-plant pollen grains, but 
then there are a few debatable leaves and other 


organs. 

A hypothesis that does make for progress is that 
the ancestors of the flowering planta were present in 
the regions that have been studied and that they 
have been collected, but they have been unrecognized 
because they are not like modern flowering plants 
and have been wrongly classified. Anyone lookmg 
at a foæil flora where everything is neatly classified 
might think this p us; but, in fact, nearly 
all fossil genera are on a mingle kind of organ 
known in isolation. Its classification is not secure, 
but merely tenuous reasoning from very scanty 
evidence. The genera of the text-books are the 
minute percentage of fully known ones. 

These early fossils should be studied, not as early 
angiosperms, for that is to invite disappointment, 
but for whatever oan be learnt about them. The 
new facts will provide surprises; that ia, sometimes 
things will be found so new aa to be contrary to 
expectation. Prof. Harris pointed out that nothing 
is more contrary to his own expectations when he 
studies a little-known fossil of pre-Cretaceous age 
that it will prove to be a flowering plant, but since 1b 
is almost unknown almost anything may happen : 
therein lies hope. 
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THE DANGEROUS CONCEPT OF THE 
NATURAL FOREST 


Ree to agriculture, forestry is still a very 
young science. The bulk of the world’s timber 
still comes from natural, rather then managed, 
foreste. This being so, it 18 perhaps not surprising, 
as Mr. T. R. Peace points out in his presidential 
address to Section K* (Forestry), that foresters should 
tend to turn to the natural forest as an ideal toward 
which they t to aspire. Many mistakes have 
been made in the creation, of artificial forests, and a 
tendency has developed to attribute these to depar- 
tures from natural forest conditions. No one would 
deny the desirability of more research on forest 
relationships, but there is no need to evaluate these 
relationships on the basis of their occurrence in the 
natural forest. The agrioulturist no longer bases his 
practices primarily on tne behaviour of wild plants, 
and it is certainly necessary to consider whether the 
forester should do so. 

A managed forest, in so far as timber is being 
removed from it, is mevitably different from a truly 
natural forest. In fact, there are normally many 
other differences, especially if the forest is planted. 
The forester often uses trees which are exotic to the 
area in which he is working. He usually creates 
even-aged and often pure forests, whereas natural 
forests are nearly always uneven-aged and mixed. 
The forester can improve his forest sites by 
practices such as ploughing and manuring. He 
can also improve his crope selection of species, 
provenances or individual trees of especially high 


Believers in the natural forest tend to decry the 
use of exotios ; but exotics have been planted suc- 
cessfully in many countries, especially in Britain. In 
any event, the conception of exoticiam is based on 
& misunderstanding of the bases of the natural dis- 
tributions of plants. 

While it is admitted that pure crops inevitably 
present certain enhanced disease risks, it is clear 
that they have oertain sylvicultural advantages. It 
should not be assumed that their disadvantages, 
where these oocur, cannot be overcome by appropriate 
techniques. 

From a production point of view, uneven-aged 
stands have very definite disadvantages. If one does 
not accept the concept of the inherent desirability of 
the natural forest, rt is hard to find any good reason 
for their retention. 

Admittedly, the use of pure coniferous crops may 
poembly have undesirable effects on forest soils. It 
is, however, clearly necessary that this effect should 
be better understood and evaluated, before admixture 
of broad-leaved trees is generally advocated. In this 
connexion, it is considered that the influence of 
mycorrhiza has often been e ted. 

The study of the biological relationships of the 
natural forest will provide valuable data towards our 
understanding of forest relationships in general. It 
is, however, highly undeerable that the conditions 
existing in the natural forest should automatically 
be regarded as ideal, and any departures from them 
as retrograde steps. 

If we are to make that progress in the acquisition 
of knowledge, which is necessary for a proper under- 
standing of forest processes, it 18 dangerous to limit 
ourselves at this stage by putting forward general 
principles, even if they appear to have a sound 
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foundation. To burden ourselves with a concept so 
vague aa the general desirability of the natural forest 
is doubly dangerous. 


SIXTY YEARS OF PROGRESS IN 
ENGLISH EDUCATION 


his presidential address to Section L (Education), 

Prof. H. 0. Dent points out that in 1900 England was 
educationally a sadly under-developed country. But 
the first decade of the twentieth century was one of 
explosive reform m many directions. Responsibility 
for all public education wag for the first trme vested 
in a single central authority by the establahment of 
the Board of Education, which took over in 1900. 
The Education Act, 1002, transferred local respons- 
ibility for public education from ad hoc school boards 
and voluntary bodies to the county and county 
borough councils, and, by granting them powers to 
provide and aid education ‘other than elementary’, 
created a statutory system of secondary education. 
This system was expanded rapidly, and ite social 
range greatly widened by the introdustion of the 
‘free place’ scheme in 1907. Meanwhile, between 
1000 and 1909 the number of universities in England 
was doubled. 

Local education authorities were in 1906 empowered 
to provide school meals for necessitous children, and 
in 1907 required to set up a School Medical Service—a 
reform which within a generation effected a revolu- 
tionary improvement in child health. 

The First World War focused attention on the 
exploitation of young workers. Though the attempt, 
made by the Education Act, 1918, to establish post- 
sohool day-continuation schools proved abortive, this 
Act establiahed fourteen aa the school-leaving age 
without exemptions, thus abolishing the ‘part-time’ 
system ; and by requiring local education authorities 
to provide advanced and practical courses for older 
children in public elementary schools, paved the way 
towards secondary education for all. 

A decisive step was taken towards this by the first 
Hadow of the Consultative Committee of the 
Board of tion, "The Education of the Adol- 
escent”, published in 1926, which presented the 
concept of education as a contmuous process oon- 
ducted in successive stages, of which the first, up to 
the age of eleven plus, should be regarded as ‘primary’ 
education, and the second, available to all, but m 
different forms to match different abilities, aa 
‘secondary’ education. Uneven but unoeasing 
advance towards this ideal was made up to 1989 py 
‘Hadow reorganization’—the provision of separate 
schools for primary and post-primary education 
within the publio elementary system. Further reporte 
by the Hadow Committee, published in 1931 and 
1983, offered blueprints of curriculum and method 
for the junior and infant sections respectively of the 
primary school. These are the bases of contemporary 


practice. . 

The Second World War mitiated another era of 
explosive reform. The Education Act, 1944, re-organ- 
ized the statutory system of public education mto 
progreasive stages, and established the principle of 
secondary education for all. Concurrently, there 
began an expansion of university and other higher 
education which bids fair to be without precedent in 
our history. 


No. 4740 


We are still in the earlier stages of the present 


But what has been done since the ar should not be 
under-cstimated ; it is a very foar achieve- 
ment. The next ten years are likely to prove abso- 
sp ica for within them we must match our 

man-power with our ambitions—we have not yet 
ganecasraliy‘douis. go. 


PASTORAL SYSTEMS IN RELATION TO 
WORLD FOOD SUPPLIES 

. WILLIAM DAVIES, in his presidential 

addreas to Section M (Agriculture), directed 
attention to the fact that world pestoral 


can be classified into five groupe: (1) very inten- 
sive (su: i 80 cattle units 100 acres), 
being typical the best in Greet Britain or New 
Zealand; (2) intensive (40 oattle unitas per 100 


acres), the average in Great Britain; (8) moderately 
intensive (20 cattle unite per 100 acres), typified by 
marginal grasalands in Great Britain; (4) extensive 
(10 cattle units per 100 acres), by ranching 
in the United States; and (5) very extensive (3-5 
cattle unita per 100 acres), which is typioal of the 
extensive cattle ranching in Africa, Australia and the 
Americas. 

International production data, as published by 
the Food and Agriculture Organization, are used to 
estimate the present stock carried in the various 
pastoral regions of the world. These data are reduced, 
to the basis of a standard cattle unit, the latter bei 
based on data collated and published by the British 
Grassland Society (1955). In the figure for cattle 
unite all classes of domesticated grass-eating animals 
are included, for example, cattle, buffalo, horses, 
camels, mules, asees, sheep and goats. 

Two-thirds of the ares under ‘grassland’ in the five 
continents is ied by extensive ral systems, 
and these carry one-third of the total of the 
world population of graas-eating animals as calculated 
ee ee At the present 

time grass-eating farm animals total nearly 900 
million cattle units for the world as a whole. Half 
of these are found within the ‘tropics’ (here defined 
as 30° N.—30° 8.). These uce one-third of world 
meat supplies, one-fifth of the milk and other dairy 
produce and a large portion of the hides, skins and 
animal tallow in world trade. 


been made as regards the improvement of 
and increased output of meat and milk within the 


i greater advances in output 
from grassland are easily possible in the not too distant 


As regards the extensive pastoral systems, few 
or no detailed grassland researches have been made 
until recently when Australia and Hast Afriog in 
particular have caused such work to be mitiated, 
already with notable advances. On the basis of the 
findings of currently conducted research there is 
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evidence which suggests that large increases in total 
output of animal products are poasible both technic- 
ally and on the basis of economic profitability. If 
this proves true, then very large aggregate additions 
can be made to the world supplies of meat and milk 
following sound measures of grassland improvement 
on the ranches of the world. 

The need is for agronomic research into the grass/ 
animal/soil,complex and particularly m extensive 
pastoral zones. There exists a serious paucity of 
both research and advisory agronomiste. Farmers 
as well as governments everywhere must be made 

t of this position, for if the world is to be 


and also of soil in every continent. 
well-planned research and advisory services which are 
the intimate concern of adequately trained grassland 
agronomists who oan offer sound guidance, but who 
must have the full support of governments and of the 
agricultural industry everywhere. 


POPULATION GROWTH, FERTILITY 
AND POPULATION POLICY 


Gan eek oe i a a 
f. D. V. Glass remarks that although we are 
concerned with the population problems of to-day 
and of the near future, discussion is so often linked 
with the name of Malthus that it is desirable to 
re-examine the context in which Malthus wrote, and 
to consider whether his recommendations have any 
relevance now. 

Malthus was far from opposed to ion 
increase as such. His concern was with the rate of 
inoreese, and his recommendations aimed at reducing 
that rate by delaying marriage. He was op to 
birth control, not only on moral grounds but also 
because he regarded the ‘tendency’ of population 
growth to preas upon the means of subsistence as 
itself a stimulus to individual industry and to social 
and economic progress. Birth control, he believed, 
PY ee Pe eee NN 

their children, would remove that stimulus. 

Since Malthus wrote, the mam elements in his 
argument have been largely discarded. Both public 
and private morality have come to accept birth 
control. The Catholic Church now accepts responsible 
parenthood and family plannmg, though only by 
abstinence and by the use of the ‘safe-period’. Eventa 
have also shown that population preesure is not 
necessary as a stimulus to individual or social action. 
It was Malthus’s successor at the Hast India College, 
the Rev. Richard Jones, who saw that it was not 
primary wanta for food, but the secondary wanta— 
capable of indefinite extension—which would oon- 
stitute the brake on population increase. The inter- 
vention of birth control has not reduced the power 
of this brake; on the contrary, it has been enabled 
to act with greater effectivences. 

Further, when Malthus wrote, he was concerned 

i with Britain, and with the possibility that 
rapid population growth might lower levels of living. 
Growth-rates were not, in fact, very rapid in relation 
to technological development at the time. To-day, 
in under. countries, growth-rates are fre- 
quently greater than 1-6 per cent annually. Further, 
the much more powerfal means of reducing mortality 
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may well raise growth-rates above 3 per cent per 
annum during the next two or three decades. At 
the same time, levels of living are so low that the 


first priority must be to raise them rather than to. 


control population growth. Moreover, most eoon- 
omistas regard that as possible. Though they view 
rapid population growth as a hindrance, they do not 
consider much slower an indispensable pre- 
requisite for improving the levels of living in under- 
developed. societies. 

Higher levels of living are also necessary if popula- 
tion morease iteelf is to be re-adjusted. It might 
appear easier for birth control to spread m under- 
developed societies to-day than it was in the West 
during the nineteenth century. There is not the same 
degree of opposition from organized religion, and 
some governments have adopted poraa for encour- 
aging the use of birth control. But in the present 
context, the pressures in under-developed societies 
are not such as to induce many couples seriously to 
limit the size of their families. Though there is a 
generally ‘favourable’ attitude to birth control, 
Positive interest often does not develop until couples 

vo had four children. The fall in the birth-rate m 
Japan since the Second World War, though it has 

lace againsh a background of official policy 
and of official and unofficial publicity, is not an 
example of what oan be achieved by persuasion alone 
in under-developed societies. For in many essential 
respecte, Japan is a highly developed society, with 
an advanced technology. Moreover, unlike India, 
Japanese tradition as such mvolved the control of 
population growth. Rapid economic and social change 
is needed if levels of living are to rise substantially 
in the face of rapid increase of population. Such 
change is also needed to provide the basis for new 
aspirations, without which the re-adjustment of 
population increase itself is unlikely to take place. 


SCIENCE BROADCASTING IN SOUND 


AND TELEVISION 


R. A. B. OLDFIELD DAVIES discusses in hig 
presidential address to Section X (Assembly 

of Corresponding Societies) the and form of 
science broadcasting in sound and 


Tagaxine progra 

Home and Abroad” and “Matters of Moment” (sound) 
and “To-night” and “Panorama” (television) to more 
direct attempts at conveying scientific information 
by means of regular series of acience broadoaste, the 
oldest established of which is “Science Survey’’. 

With a wide appeal because they deal with out-of- 
doors matters are various programmes on nature 
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study, rural lore and astronomy. In addition to what 
may be called the staple fare of science programme’ 
in television, of which the series “Eye on Research's 
is a regular ingredient made noteble in 1960 by two 
special series Intended as a prelude to the 
celebrations of the Royal Society, there are the single, 
quite ambitious, even spectacular, programmes on 
subjecta of current scientific importance once or twice 
& year. 

In science broadcasting, as m all broadcasting, it 
is necessary to be clear as to the nature of the audience 
to be reached. Here sound broadcasting with its four 
domestic programme services has a range and 
flexibility denied to television which has not the 
same facilities for catering for minority audiences. 
The British aney Kenni schools pro- 
grammes, which pay considerable attention to 
science, are æ clear e of catering for a par- 
tioular audience, which looks and listens under con- 
ditions which are known, the pattern and purpose of 
the broadcast being the result of close consultation 
with various educational bodies. Here, too, the 
broadcaster can rely on the teacher to ensure that ` 
what is broadosst 1s likely to be grasped and under- 
stood. There is also consultation with outaide bodies 
and mdividuals in planning adult programmes, but 
it is more spasmodic. There is no regular channel. 
Should there be a science advisory committee as 
there is a musio or an agricultural advisory com- 
mittee 1 Should there be in the British 
Corporation a department of sciande as there is 
for drama, music and religion? But science is not 
something which comes to life when it is performed. 
What is important is that there should be qualified 
scientists on the staff who are dedicated to the 
important job of communicating through sound and 
television broadcasting. Being æ scientist is one 
thing, being professionally keen on communicating 

in terms that the mames understand is 
another. A person combining these qualities is not 
easily found. Yet more and more scientists are ready 
to communicate through broadcasting. In the six 
ee ke ae ee ee 
scientisia took part in science programmes, 
counting twenty-five scientists who becado i ths 
Welsh language during the same period. 

To amsa the effectiveness of science broadcasting 
is not easy. The British Broadoasting Oorporation’s 
Audience Research Department helpe to obtain tho 
kind of information which a theatre or concert 
manager gete from his box office returns, or from the 
immediate reaction of the audiences to what is 
offered them. There sre certain imponderable results 
which might become apparent over a period: general 
appreciation of the work of scientists, some notion 
of what they are after and the spirit that animates 
them, and & growing respect for knowledge as some- 
thing good in itself. 
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THE CARDIFF REGION 


The Cardiff Region 

A Survey. Chairman of the Editorial Committee : 
Bir J. Frederick Rees. (Prepared for the meeting of 
the Britiah Association held in Cardiff, 31 August to 
7 September, 1960.) . xv+222424 plates. 
(Cardiff : University of Wi Press, 1960.) n.p. 


Poon Frederick Rees, the chairman of 
the editorial committee of “The Oardiff Region : 
a Survey”, “During the laat: forty years great changes 
have occurred in the region and im our detailed 
knowledge of it. This survey endeavours to record 
some of thee”. The period of forty years is men- 
tioned since the British Association last met in 
Cardiff in 1920. It also met there m 1891. 

Thirty-two contributors, mamly from University 
College, Oardiff, have produced a volume fall of 
information for the members of the Association. 
There are sections on landscape and climate; geology ; 
botany; zoology; archwology; history; popula- 
tion; mdustrial structure ; agriculture; the Welsh 
language; place-names; the literary tradition in 
Latin, Welsh and English ; and educational institu- 
tions. It is impoasible to mention all the contributors 
by name, but as all members of the British Associa- 
tion will see, they have done an excellent job. 

The population of the city of Cardiff is now 253,000. 
Two million people live within a radius of thirty 
miles. Yet in 1801 Oardiff was a provincial market 
town with a population of only 1,870. As Prof. 
Brinley Thomas pointe out in the section on “The 
Growth of Population”, Cardiff is there because of 
the Industrial Revolution ; in particular, because of 
steam coal, In the early years of the Industrial 
Revolution the great centre in South Wales was 
Merthyr Tydfil, which in 1841 had a population of 
85,000—+three times that of Cardiff. But in 1841 the 
Taff Vale Railway, between Merthyr Tydfil and 
Cardiff was o . There were soon extensions to 
the Aberdare Valley and the two Rhondda Valleys. 
Then Cardiff came into ita own, for it is the natural 
outlet for the steam coalfields of South Wales. It 
soon developed the'largest coal-exportation trade in 


the world. 

a ee 
First World War. The population in 1911 was nine 
times the 1861 figure, and coal exports at nearly ten 
million tons had increased fourteen-fold in the same 
period. But although the peak came around 1911, 
the decline set in somewhat earlier, when because of 
inadequate port facilities in Cardiff, a large proportion 
of the coal trade was diverted to the nearby port of 
Barry. Barry's growth was even more sensational 
than that of Cardiff—from 494 in 1881 to 33,768 
thirty years later. In common with other rapidly 

ing towns, Oardiff at this time had a large 
migrant population. In 1911 only half the inhabitanta 
had been born there. 

But the growth of Cardiff is inseparable from the 
growth of'the region, and the key to the region is 
coal. Coal has been worked in Glamorgan for hundreds 
of years, but until the eighteenth century it was 


on a small soale, chiefly at outcrope. Some was 
shipped across the Bristol Channel to Devon and 
Somerset. 

The Industrial Revolution in South Wales started 
in the region of Merthyr Tydfil. In 1759 a partnership 
of nine people leased mineral righta in the area and 
started to build furnaces for smelting iron. One of 
them was Isaac Wilkinson, who introduced the pro- 
cess of coking coal for smelting: iron in place of 
charcoal The manager of the enterprise was John 
Guest, and he and Richard Crawshay, who later 
obtained control of a neighbourmg area, founded the 
two great families of South Wales ironmasters—-the 
Questa and the Crawshays. 

The ironmasters were le for the building 
of the Glamorganshire from Merthyr Tydfil to 
Cardiff, and this Canal was the most important factor 
in the development of Cardiff up to 1840. Before 
that date not much i had been attached 
to the exportation of coal, but in the 1840's, especially 
after a market was found for it in France, the steam 
coal fram the Aberdare and the Rhondda Valleys began 
to dominate the region instead of iron. Pithead gears 
appeared up and down the pastoral valleys, and 
people moved m. By the beginning of the present 
century, the population of the Rhondda alone was 
more than 112,000. The tremendous demand for coal 
durmg the second half of the nineteenth century 
brought ity to the region, and led to the 
growth of the outlet port of Cardiff and later to the 
new port of Barry. 

Coal may have become dommant in the mid- 
nineteenth century, but there were still plenty of 
ironworks. However, the development of steel tech- 
nology in the ’sixties led to the closure of many of 
the smaller works and the growing dependence on 
imported ore led to re-siting closer to the sea or tidal 
estuaries. 

The whole economy of the Cardiff region in the 
first part of the present century turned on coal, iron 
and steel, which is why the region was so hard hit 
by the depreasion in the ’thirties. World markets 
were contracting, and oil was a growing competition 
to coal. The result was mass unemployment and the 
hunger marches. Many left the region for the more 
prosperous Midlands and London. Between 1921 and 
1981 there was a net loas of, 230,000 le. The 
tide began to turn in 1935 when Ric Thomas 
and Co. bought the old steel works in Ebbw Vale 
and built there a new strip mill for the production of 
tin-plate. A trading estate was established, as part 
of a policy of diversification, and attracted a good 
many industrialists. By the end of the Second World 
War it was employmg 17,000. By July 1955 un- 
employment in the region had fallen to 13,400—a 
peace-time record. 

Coal and steel are still major industries in South 
Wales—the region produces 26 per cent of Britain’s 
steel and has some of the largest and most modern 
works In Kurope; but there are now many other 
industrial activities as well—aluminium, electrical 
engineering, synthetic fibres, for example. 
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The history, as opposed to the prehistory, of South 
Wales begins with the Roman conquest. The Romans 
made contact with the local tribe, the Silures, in 
A.D. 47 and fighting continued for thirty years or so. 
As usual, the Romans built forts and roads to 
facilitate the policing of the region. The remams of 
a typical fort is the Gaer, near Brecon. It comprised 
at first a rectangle of about eight acres with defensive 
earthen walls and ditches. Stone walla and gate- 
housea were added during the second century A.D. 
Towns grew up around the forte; for example, at 
Caerwent, where there was a regular street lay-out, 
public buildings, baths, houses and shops. Part of 
the defansive wall there still stands, 17 ft. high. At 
Caerleon, which became an important base about 
A.D. 75, there are also the remains of an amphitheatre 
in good condition. 

From the departure of the Romans in the late 
fourth century to the Norman Conquest the history 
of the region is obscure, but during that time 
Christianity was introduced and the kingdom of 
Morgannwg established. 

It was Morgannwg that opposed the Normans, 
under Robert fitz Hamon, Lord of Gloucester, during 
1090-93, and he built a moated fort on the site that 
was later to be Cardiff. Fitz Hamon established 
feudal manors all over the plain close to the sea, but 
the mountains were left to the native Weleh. 

Throughout the twelfth and thirteenth centuries 
Glamorgan was the scene of prolonged squabbles and 
wars, in which the Olare family and Llewellyns were 
greatly involved. The Clare family gradually gained 
control of the whole country but they lost it in 1814, 
and until the Act of Union under Henry VIN it was 
a of mistake by the various Earls and their 

cials and rebellion by the Welsh. The new shire 
of Glamorgan, created by Henry VIII, had Oardiff 
as ita county town. 

To-day, Cardiff is the capital of Wales and has one 
of the finest civic centres in Britain. Adjoining the 
civic coentre is the castle in 400 acres of parkland 
which was presented to the city in 1947 by the 
Marquess of Bute. Oardiff is still a major port for 
South Wales, and the dock area is an importent part 
of the city. The notorious Tiger Bay is no longer 


Supplement to NA TUR E of September 3, 1960 


LLL LL LS SA SSS SSSA SSS Spiteri rere 


VOL. 187 


what it was, and a recent film with that name was 
much criticized as not presenting a true picture of 
the aty. Llandaff, a suburb of Cardiff, has been a 
religious centre for more than 2,000 years, and its 
fine cathedral dates from the twelfth century. It 
has been restored many times, and the most recent 
restoration after bomb damage m the Second World 
War includes the great choir arch bearing the Epstein 
“Majestas’”—a figure of Christ in aluminium. 

The Oardiff region has a remarkable variety of 
landscape ın a amall area. To the north is the South 
Wales Coalfield with ita characteristic densely popu- 
lated valleys—Rhondda, Cynon, Taff, eto.—reachmg 
up into the moorland. Unlike the Midlands and 
South Lancashire, no one in the South Wales con- 
urbation is far from gales Farther to the 
north are the gaunt Brecon Beacons, nearly 
3,000 ft. high. The steep northern scarp of the 
Brecon Beacons commands the valley of the Usk, in 
which the market town of Brecon lies, and to the 
east are the Black Mountains, leas broken up, and 
more of a natural barrier than the Beacons. The 
Beacons, Fforest Fawr, the Black Mountains and the 
Usk Valley form the Brecon Beacons National Park. 

To the north-west of Cardiff are the valleys of the 
Wye and the Monmow—a region rich in medieval 
buildings. Thare are Chepstow Oastle on ita limestone 
cliff, overlooking the Wye, the great Cistercian abbey 
of Tintern dating from the thirteenth century, and 
the bridge over the Monmow at Monmouth—the only 
one in the country with a two-storey fortified gate- 
house. Oloser to the sea, the land is flatter and 
intensively farmed. The lower Usk Valley is one of 
the best cattle-fattening areas in Wales. 

All m all, the Cardiff region, besides fine scenery, 

rovides things of interest to all sections of the 

ritish Association. For the physicista there is the 
Department of Physica at the University and the 
Post Office Radio Research Laboratory. For the 
chemists, works of Pilkington Bros., Imperial COhem- 
ical Industries, Ltd., and Monsanto. For the 
geologists, there is the South Wales Coalfield ; 
and for the zoologists, the coast, dunes, caves and 
mountain lakes. No section is short of intereetmg 
excursions. 


BRITISH ASSOCIATION PRESIDENT FOR 1961: 
SIR WILFRID LE GROS CLARK, F.R.S. ; 


IR WILFRID LE GROS OLARK, Dr. Lee’s 

profewor of anatomy in the University of 
Oxford since 1984, and Fellow of Hertford College, 
hes been elected president of the British Associs- 
tion for the Advancement of Science for 1961. 
That year, the annual meeting will be held in 
Norwich. 

Sir Wilfrid has achieved world famé as a buman 
anatomist with special reference to palsontology 
and anthropology. Moreover, recognizing that the 
scientist should be interested not only in the science 
of discovery but also in scientific exposition and 
teaching, he has played a major pert im the re- 
orientation of human anatomy as an academic 
digsipline. This is exemplified by the organization of 
the new Department of Human Anatomy which 


was opened in Oxford last year (Nature, 183, 1572 ; 
1959). 

Sir Wilfrid is also director of the Medical Research 
Council Unit for Research on Olimatic and Working 
Efficiency and a member of the Royal Naval Personnel 
Research Committee. His earliest years of profeasional 
work were spent in medicine. During 1920-23 he was 
principal medical officer of Sarawak, and later he was 
professor of anatomy in 8t. Bartholomew’s Hospital 
Medical College (1927-29), followed by St. Thomas's 
Hospital Medical School until 1984, when he trans- 
ferred to Oxford. 

Such is the high esteem in which his work is held 
that Sir Wilfrid has given numerous special lectures 
at home and abroad, and he has been the recipient 
of several medals and honorary degrees. 
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together with mitochondrial counie revealed a 
number of important modifications occurring after 
> 3’-methyl-dimethylamino-azobenxene. When 

yl-dimethylamino-azobenzene was substituted 
favs tures dye, the changes were qurte different 


a number of electron-microscope observations 
made on pre-cancerous liver. Particularly interest- 
ing were some images suggestive of mitochondrial 
division and siban h indicating the appearance of 
amall granules closely associated with ergastoplasmio 
membranes. 

Some problems of mitochondrial regulation 
discussed by F. Lynen (Munich) and by J. D, Judah 
(Philadelphia). Lynen examined in detail the theory, 
Propono S nibor of veer ogo Dy himself ana by 

Ste Meee eae of te A a 

The mainspring of this theory is that gtyoo- 
and oxidative phosphorylation compete for 


em a c amounts of mal de a Tina 
= 


his a E chaates To account 

for the latter phenomenon, Lynen hak suggested that 
the adenosine triphosphate, formed aerobically in the 
mitochondria, may not be as readily available to the 
phosphokinases of 
adenosine triphosp 


phosphate shuttle between the particulate and the 
non-particulate phases of the cells, but have also 
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ee that phospho-fructokinase appears to be 
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inhibited a to hexokinase in serobiosis. 
At present, there is no Be explanation for 
this finding. In the discussion which followed this 
interesting peper, the possible organization of the 
ground plasm was brought up for consideration by 
several 
J. D. dden desba a naa Toa a 
gations carried out in relation wrth the fmdmg that 
Hib anti-histamine drugs act as powerful pro- 
tectors against liver injury. It was 
observed that these -drugs inhibit the swelling of 
isolated mitochondrie, as determined by a variety of 
conditions, and that they also inhibit revergal of 
this phenomenon under the influence of adenosine 
triphosphate. In addition, anti-histamines were found 
to have no effect on respiration or on oxidative 
phosphorylation, but to “inhibit the transfer of phog- 
hate from aris taal 3 to erie gid bore 
When added liver slices, previously imoube’ 
aeons. the drags prevented the extrusion e 
water and restoration, of the level of phosphoprotein 


which occur when o is allowed to 
enter into the system.» Judah forward the hypo- 
thesis that the reversible in the water 


content of the mitochondria may be determined by 
changes in their content of phosphoprotems and 
that anti-histaminmes may prevent both types of 
the change by inhibiting a reversible protein phospho- 


In the general discussion which concluded the 
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greater accuracy and increased power of resolution: 
O. pa Dove 


THE PHYSICAL SOCIETY 


HE principal contents of the 1959 Year Book of 

the Society (pp. vi+184, London: 
Physical Society, 1959. 126. 6d.), the fifth in the 
annual series, consista of the presidential address, 
entitled ‘“Reoent Trends in the Theory of the Iono- 
sphere”, which was delivered by J. A. Ratoliffe on 
May ra ae eres the annual general meeting 
and the texts of the lectures and 
sepals give ss the oe of the various 


given of the discourses 
Physical Society exhibition of scientific instruments 
and apparatus; the proceedings of the meetings of 
the Society during the period September 1958—June 
1959; and the report of the Council of the Society 
for 1958. In addition, there are obituary notices of 
ten Fellows, including Sir Alfred Egerton, Prof. 
E. O. Lawrence, Prof. O. W. Richardson and F. 


In his presidential addrees, Mr. Ratoliffe gave a 
survey of recent ideas concerning the formation of 
the upper part of the ionosphere, known as the F 
layer. From measurements of the ic density 
at great heights and computations of the electron 


distributions, it would appear that the layer ig pro- 
duced by the absorption of a solar ionizing radiation 
in atomic which is distributed through the 
atmosphere as it would be if were nearly 
complete up to heights of about 400 km. at least. 
When the radiation is incident normally, the - 
tion coefficient of the radiation is such that electrons 
are produced moet rapidly at a height of about 
180 km. Small alterations m the amount of mixing 
ean produce marked changes in the electron dis- 
tribution, and changes of this kind could be the 
cause of the observed winter anomaly in middle 
latitudes. 

The forty-third Guthrie lecture, which was de- 
livered by Sir Harrie Maseey on April 8 at Oxford, 
was entitled ‘Collisions’, and was confined to a 
discussion of-.a selected number of atomic collision 
phenomena including the elastic and inelastic 
collisions of electrons and of positrons with atoms, 
recombination and charge transfer processes 
in the upper atmosphere, and the dissociation of 
molecular ions by impact with gas atoms. The 
subject of the fifteenth Charles Vernon Boys Prize 
address given by Dr. D. West, of the United Kingdom 
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Atomic Energy Authority, Harwell, was a description 
of the method of observing n-mesonio X-rays. The 


work discussed was carried out on the Liverpool - 


synchrocyclotron during 1962-56 and the main item ~ 
of measuring equipment was a Hutchmson—Scarrott 
type kicksorter. It is most mteresting, therefore, to 
find that the thirty-sixth Duddell Medal addresses, 
which follow Dr. West’s article, were delivered 
by G. G. Soarrott on the application of computer 
techniques to nuclear physics instruments and by 
G. W. Hutchinson on ‘memories’ for nuclear 
physics. 

In 1959 it was’the turn of the Physical Society to 
--arrange for the delivery of the Parsons Memorial 


, Lecture, and Dr. O. R. Burch was invited to be the 


lecturer on October 23, 1959, at the Scisnoe Museum, 
London. He chose to 


pec hen pio Bewley pee ere 
design. Advanced testing methods, aspherio reflecting 
microscope design and manufacture, meniscus- 
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Schmidt camera design and manufacture, oone- 
cylinder and screw interferometers, and several 
applications perticularly- in: the biological field of 
these instrumenta ars Bll todanen ob im. Dr: Burch’s 
lecture. 


The subject of the twentieth Thomas Young 
Oration, given by Prof. R. W. Ditchburn on Novem- 
ber 12, 1059, » was also of an optical nature. He dealt 
with problems of visual discrimmation, and described 
various methods of recording eye-movements and the 
analysis of involuntary movements. Kye-movemente, 
both voluntary and involuntary, are of importance 
in contrast discrimination, and from the study of the 
discrimination of hue, it appears that in some con- 
ditions, normal subjects give reporte usually associ- 
ated with defective colour vision. The question as 
to how far the results obtained on the living eye are 
related to theories of retinal action is discussed with 
reference to electro-physiological measurements of 
ee ee eS ee 

The lectures and were intended for 4 
very wide audience, and are extremely well and 
clearly written. They deal with specialist subjects, 
but their contents do not require 
to understand them. The Year Book is a worthy 
addition to all science libraries. 


THE COLONIAL DEVELOPMENT CORPORATION 


HE annuel and statement of accounta of 

the Colonial opment Corporation for the 
year ended December 31, 1959*, the first to appear 
over Bir Nutcombe Hume’s si 


ous 
fifteen new projects totalling £13, 184,000, of which 
four have been removed from the list, and £4,046,000 
further mvestment in existing projects was approved. 
Of the continuing projects, representing £90 million, 
of which £60 million has been spent, 45:2 per oent 
were concerned with utilities, 43-1 cent with 
MOET Eou Oee 11-7 per cent 
commerce and ind the corresponding 
cece ae nee eae, 40-8 and 12-8 per cant, 
Dad arlene Oe ae 
outside sources, nor any attempt been made to 
` do 80. Although the Corporation is now well estab- 
lished and its revenue is increasing, its present capital 
structure 1s unsuited to raising outside capital exoept 
with the Government’s guarantee, but if the recom- 
mendations of the Sinclair Committee are adopted 
it should be much easier to devise a form of capital 
which would find among private investors 
without such a as Po Cae ce | oe 
is nearing the end of the resources it can draw from 
the Government, and further capital may soon be 
needed if it is to go forward. 
The re hasizes the importance of the 


‘correct adjustment of the relation between the highly 


industrialized countries and the under-developed. 
countries of the world; and im these territories, for 
which the United Kingdom Government is respons- 


ible, the Corporation is in & unique position to saist , 


* Colonia] Development ie Annnal 
“ment of Accounts Tor year 4o 12 60. Pp. ¥+77. 
~ Stationery Office, 1966. ens 


and State- 
: BM. 


in fndmg a solution to this problem. Even when 
money and technical aid are available, the capacity 
to put them to the best use is often lacking, and the 
Corporation has now built it up an organization staffed 


by experienced people and for this very 
purpose. Their fitness for the is shown both by 
the succeas now being achieved | thio Corporation 
and by the fact that interests, which 


have been hesitant to participate in riak ventures in 
territories the political and economic future of which 
was uncertain, have been reassured when the Cor- 
POON OAA Pee ey TO PO ees ree 


Corporation’s aed 
Penan wel ADICA, sis chairmen leadiig E HAO 


Dee ogee Loan Fund. To-day the ap ONE 
is well equipped to make contact with and examine 
new projects anywhere in the present or former 
dependent territories, to negotiate or aist in 
negotiating the terms of investment, to arrange for 
the management of the project and to watch over 
its progress. Almost all its capital of £180 million is 
now committed, and the value of producta by direct 
projecta and associated companies in 1959 amounted 
to about £18 million, much of which contributed to 
the trade of the countries concerned. The 
stimulation of other development caused by the 
tion’s example and initiative is more difficult 
to assess, but the report cites as examples new housing 
and ideas due to the Malaya Borneo 
Building Society and housing schemes in Africa and 
the Caribbean, and new standards for le 
agricultural enterprises in Borneo set by J 
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Abace, Ltd., in introducing two new crops 


and oil palms). The report also stresses the way in 
which opportunities are-taken for with 
private mdustry and pose rina local interests, 


and apart from streesing.the importance of public 
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relations and both at home and oversees 
eet eee of the Corporation's ‘purpose 


sections 
discussing various 
training schemes which merit separa consideration. 


`a 


ECHO-SOUNDING EXPERIMENTS IN TAF BARENTS SEA 


No all large fishing vessels carry echo- 
sounders for locating fish. A ‘ping’ of sound is 
sent down into the water, and any between the 
ship and the sea bed give echoes which oan be de- 
tected. In the case of veesels trawling for cod, it is 
fish within a few fathoms of the sea bed which are 
of interest, and because of the short ion in 
time between the echoes from these the much 
stronger echo from the sea bed, certain diffloulties 
arise. These have to a large extent been overcome by 
displaying the echoes on a cathode-ray oscilloscope, 
arranged to echoes from near the sea bed on 
an expand 

e ean, woniatndie peer sinensis 
aaa ap gd They cover the identi- 
floation and measurement of the echoes, the relation- 
ship of the number and size of echoes to the catch of 
fish, the measuremerit of the strength of echoes from 


E Cie 


primarly from & practical 
icularly by the high correlation 
ad count of echo signals, that is, the sum 


of the strengths of each echo during a trawling rum, 
corrected for depth, and the mumbar of Aah caught. 

The correlation coefficients are in the region of 0-9, 
in spite of the necessarily rather crude methods of 
echo measurement. 


mae Bere Ie ok $ Fisheries and Food. rei a 

Bee, TD. Ritanteon, ‘He Ooahing Fen Harden Jones Bed ie 

the ie eee . Pp. vi+57. (Loudon : H.M. Stationery 
DOS. 


In the past, saci cea mformation required for 
systematic design of echo-sounders for fish detection 
has not been available. Design has been based largely 
Gy she, propertiee Or previous MON os oa 
ly satisfactory resulta, followed by sea trials 
i The 


with the echo given by a standard target, so that the 
The water-borne noise has been measured as a function 


of this particular sounder over a wi 
conditions. 

The checking of the performance of equipment 
under working conditions is highly desirable, and 

to give one confidence in both the equipment 

one’s methods. The first part of the fourth paper 
describes checks of the beam pattern and of the 
variation of echo-strength with depth. Such checks 
have been made on many other acoustic devices, and 
since in the present case they also agree with 
ee ee 
the fifteen pages devoted to sem ex- 
cessive. 

In conclusion, these papers describe a great deal 
of careful work, mostly ‘in the field’, and form a very 
valuable contribution to the subject. 

M. J. Tuome 


ORIGIN OF TEKTITES 
By Pror. H. C. UREY, For.Mem.R.S. 


AST January, Dr. G. Baker! ariticized in oon- 

siderable detail my suggestion! that comet heads 
colliding with the Earth heated the surface to the 
melting point and spread amall fragments of glassy 
objects to great distances and that these objects are 
tektites. I believe these objects have compositions 
which are not greatly different from some of the more 
acid terrestrial rooks, but that no source of sufficiently 
high temperatures to melt these materials is known 
to be present on the Earth’s surface or somewhat 
below the surface. My communication was written 
le source of 


problem would be pleased to consider a mechanism 
by which terrestrial material could be melted and 
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scattered to great distances even though it did not 

answer all questions. This was certainly 
not true. I have thought over Dr. Baker’s very 
thoughtful criticisms and would like to make a brief 


ty. 
Dr. Baker te quité ribb about tektites not being 
spaced some 50 million years apart in age, but Prof. 
Z. Kopal very soon pointed out to me that cometary 
collisions with the Earth were probably ten or more 
times as frequent as I had assumed. I have not 
troubled to correct this incorrect estimate, for it was 
very uncertam in any event. We probably have only 
the most approximate ideas in regard to numbers 
of non-luminous comet heads moving in the solar 
system; and comet heads must certainly collide 


~ 


856 
with the Earth from time to time and should produce 
some effecte which we could look for, and they should 
produce an effect of sufficient magnitude possibly to 
. melt bite of glassy materials. 

Also, Dr. Baker is right about the orientation of 
tektites during flight through gas. The stable position 
is motion the gas with & maximum surface 
exposed in the direction of flight. 

Dr. Baker accepts the conclusion that a swarm of 
objects of very considerable mass is required if such 
& swarm is to remain as an entity in the field of the 
Sun, and he tries to account for a loss of this 
maas by abrasion during flight through the air, erosion 
after arrival at the Earth, and destruction by birds 
and men. If we postulate very many small masses, 
say, of millimetre sizes, then it is dificult to answer 
the first objection. But 100 gm. per om.* over an 
area of 5 million km.’ is 5 x 10'* tons, and hence we 
must assume a very large fraction of very fine 
material in order to account for its destruction in this 
way. The total energy of this mage of material, uaing 
his area of 5 x 10° km.* (2 x 10° square miles) and 
a thickness of 100 gm./om.* and a velocity of 20 km. 
per seo., is 10" ergs. This is equivalent to about 10 
ordinary Second World War atom bombs, or 2,000 

km.*. The energy per om.’ is 2 x 104 ergs. The 

capacity of the atmosphere is about 10” ergs 
per om.* and thus very high temperatures would be 
produced. by A ee E 
over southern Australia some 5,000 years 
also sorbe evidence of it might remain. Foamy sy 
scepticiam based on inadequate knowledge is not 
unjustified. 

The etching te with 4 per cent hydrogen 
corte aS upp een to te car eas ee 
of chemical erosion, since this reagent is used to 


dissolve rocks of all kinds and is known to be a very’ 


affective chemical for such purposes, since it converts 
silioon dioxide to gaseous silicon fluoride. Carbon 
dioxide and water is the usual erosion acid in Nature 
and it is much milder in its effecte. But tektites have 
persisted on the Earth since the Eocene apparently, 
and during this long period should have been exposed 
to all the types of erosion that occur in Nature and 
they still have survived. Also tektites are abundant 
in the Philippmes and other tropical humid regions 
and are fair ll The erosion of a layer 
of tektites of 100 gm./am." from the southern Aus- 
tralian continent in 5,000 years does not seem probable 
to me, especially in view of the fact that, as Dr. Baker 
, Bome of these objects are 
preserved. In fact, most of those that I have seen are 
so preserved. Could this vast amount of material of 
a very resistant kind have disappeared so completely 
in a short period of time? It seams improbable to 
me that both this great and complete destruction of 
80 much material and the perfect preservation of 
specific samples under essentially similar conditions 
could have oocurred. 

Again, birds and men cannot dispose of suoh 
quantities of material, or even a small fraction of it, 
in so abort a time, and’ it would seam hkely that 
tektites would have become distributed over the whole 
of Australia instead of being limited to the southern 
part if such agente moved any important amounts of 
these materials. 

But my mention of the swarm of objects and ita 
elimination was very brief. If we are seriously to 
assume the existence of such a massive swarm, 
we must consider whether it would not have sccumu- 
lated due to its own gravitational forces into a more 
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compact object and hence have arrived at the Earth 
as such. ‘In this case rt approximates to the cometary 
model, or to a large meteorite model, and then we., 
are back to scattering materials over vast areas. 
However, with these models it is unnecessary to 
assume & layer of 100 -¢m./em.-*, since this estimate 

on the extended cloud model and ita 
stability in the Sun’s field ; also the dissipated, 
while very great, would be more limited in aree and 
might well mitiate volcanic or flooding processes, for 
example, which would obscure the location of the 
collision gite. 

But we are learning more about these objects. It 
is now found? that they do not contain alaminium-26, 
which was previously reported. There is no evidence 
that they have been exposed to cosmic rays. If they 
came from space in a swarm, the time in space was 
very brief. They may have come as a large compact 
object or they may have come from the Barth. 
Also, the potassium-40/argon40 ages have been 
determined¢, and it is found that, these ages for all 
tektites of south- east Asia and Australia are the same 
within the limits of error, namely, 610,000 + 
~ 50,000 years. The ages from geological studies that 
Dr. Baker mentions might be in agreement with this 
age for all these objects with the exception of the 
age of the australites, which he estimates as 5,000 
years or “definitely Holocene”. The potaasium-40/ 


or due to observational errors, were lees. If the 
age of 5,000 years given by Dr. Baker and that of 
610,000 years given by the potassium-40/argon-40 
ratio for the sustralites are correct, a 

oocurred 610,000 years ago, but delivery to Australis 
occurred much later. One wonders how and where 
that heating process occurred and where the objects 
were kept in the refrigerator free fram cosmic rays 
sinoe that time ? J really am most reluctant to assume 
that the considered age of the australites 
is wrong, but if they arrived 610,000 years ago it 
would greatly simplify our attempts to arrive at a 
satisfactory model. If the‘differences in geological 
age estimates and the potassium-40/argon-40 ages 
for all these groups of tektites are real, then similar 
questions in regard to the heating and cooling histories 
can be raised in regard to all of them. 

If the agreement in potassium-40/argon-40 ages is 
significant—and I believe it ia—a very great and 
extensive process must have produced these objects 
and we must all think again about the entire problem. 

Did they come from the Moon ? Oould a collision 
of an object with the Moon splash them off in such e 


closely related pattern that they would all fall m 
these close aua But would all such collisions 
produce such closely controlled conditions, or would 


they mias the Earth occasionally or, in fact, usually, 
and thus on a second, third or the nth pess fall all 
over the Earth? My answer is that they most 
probably would be very widely, and in fact uniformly, 
scattered over the Earth’. 

However, it has always been a puzzle to me that 
terrestrial surface materials contaming le 
water should melt into objecte having so li re tre 
Why did not melt nto pumice ? But I have only 
aie e pose ct uae Be eee a 
material and scattering it over great distances. It 
seems more reasonable to try to fashion some hypo- 
thetical process to produce them from known terreg- 
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trial materials, which they resemble in many ways, 
than to assume that they come from other places 
that we know so Irttle about. Must we fashion 
another planet to produce ther chemical composition, 
and then if we cannot find ways to melt these materials 
on Earth, why do we think they could be melted 
elsewhere ? If geologists will find a volcanic process 
which will produce these objecta from appropriate 
terrestrial materials, such a solution would be the 
most satisfactory of any that I could imagine. (Mr. 
Paul Lowman mentioned this possibility to me in 
conversation.) But a volcanic process distributing 
material in limited regions over south-east Asia and 
Australia within a circle of 8,000 km. diameter would 
be most remarkable. 

On the other hand, cometary oollisions should 
occur occasionally, they should be very energetio, 
and their volatile oonstituenta should supply a 
mechaniam for propelling materials out of the atmo- 
sphere and to great distances, and the agreement in 
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the potassium-40/argon-40 ages would be under- 
standable. = It could have been a single oollision 
near the centre of this area, instead of multiple but 
nearly simultaneous ones as suggested previoualy. 

It is nearly three years since my suggestion on 
the cometary origin of tektites appeared in Naturs. 
I wish to thank Dr. Baker for raising the problem 
for publio discussion and am only sorry that he did 
not do so earlier. Progress in resolving differences 
of this kind oan be made most expeditiously by a 
publio discussion of this kind in which all interested 
parties, including the one whose work 1 oriticized, 
may know what doubts are being entertained. 


a oae, G., Neture, 185, 291 (1960). 
Tray HO, Proo U.S. Nat. Acud, Soi., 41, 27 (1055); Walure, 179, 
* Anders, H., Geookin, Cosmochim. Acta, 19, 53 (1060). 
1 Gentner, W., and Bahringer, J., Felt. J. Naturforsoh., 14, A, 676 (1059). 
* Varsovaky, 0. ML, Watwrs, 181, 172 (1058). 
Urey, H. O., Nature, 181, 1457 (1958). 


ISOTOPIC COMPOSITION AND TEMPERATURE OF FORMATION 
OF ANTARCTIC SNOWS 


By Pror, E. PICCIOTTO 


X. DE MAERE 


Untversité de Bruxelles (Expédition Antarctique Service Météorologique da la Force Aérienne de 
Belge, 19 Bolgique (Expédition Antarctique Belge, 1958) 
AND 
I. FRIEDMAN 


U.S. Geological Survey, Washington 


N an earlier communication!, variations in the 

isotopic composition of the in falls of mow 
collected during 1058 at the Belgian Antarctic Base 
(King Baudouin Base, 70° 26’ S., 24° 19 E.) were 
shown. 

We intend, here, to present the variations in the 
isotopic composition of the hydrogen cantained in the 
same samples. 

The analysis of the aerological radio soundings 
carried out at the King Baudouin Base in the course 
of the International Geophysical Year’ has enabled 
us to estimate the temperature range in the cloud 
corresponding to each snow-fall. This is, to the best 
of our knowledge, the first attempt carried out with 
the view of establishing a direct correlation between 
the isotopic composition of a anow-fall and ita tempera- 
ture of formation. The interesting resulta obtained 
in this field up to the present‘.* originate from average 
samples representing accumulations over severa 
months, or even years. 


Variations of the Deuterium : Hydrogen Ratlo 


The ratio deuterium : hydrogen has bean measured 
at the U.S. Geological Survey, Washington. The 
mass-apacbrometrio methods used have already been 
desoribed*. 

Fig. 1 shows the variations of the deuterium : 
hydrogen, ratio in the course of 1958. Each point 

ta an individual sample. The composition 
of the hydrogen is expressed as percentage variation 
of the deuterium : hydrogen ratio with respect to a 
conventional standard (standard mean ocean water). 
The variations of the -deuterium : hydrogen ratio 
present the same characteristics as those of the 


` 


oxygen-18: oxygen-16 ratio previously discussed! ; 
but therr amplitude is 10 times larger’. Thus, summer 
mows are, in the average, 10 per cent richer in deuter- 
ium than winter snows. The maximum relative 
variation in the deuterium content is 20 per cent. 

Fig. 2 showa the variations of ð (oxygen-18: 
oxygen-16 */,.) with respect to A (deuterium : 
hydrogen per cent). As a first approximation, all 
the points are grouped about a straight line of 
equation: ĝ =. 0:8 A + 1-8. Ep that some 
points corresponding to August Beptember, that 
is, the end of winter, form a separate group. 
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Fig. 2. Dentertum : hydrogen 
oxyeon-16 ratio in the same sample. 
colection 


uE Fei 
The date of tis given foreach Pea O i 
from Gonflantini of al. (ref. oe 


Isotopic Composition and Temperature of Forma- 
tion 


In order to estimate the range of the temperature 
of formation of every fall of snow, we have noted 
from the radiosonde data the temperature at the 
base and at the top of the cloud at the mament of 
precipitation. This temperature is well defined in 
the fortunately frequent case of thin stratiform clouds 
with no higher cloud sheets. In the case of rime 
deposita, the temperature at a height of 1 metre 
above ground was taken. Drift-snow samples were 
excluded. 

Table 1 shows the information obtained fram the 
eerological soundings. 

Fig. 8 shows the isotopic composition of the oxygen 
in each fall, with respect to the temperature-range 
m the corresponding cloud sheet. The straight line 
corresponding to the mean temperature of the cloud 
has been traced. There is seen to be a remarkable 
correlation between 0 oxygen-18 and the temperature 
of formation of the precipitation, T. 
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9 Oxygen-18 : oxygen-16 (*/94) 





of oxygen in snow falls with respect 
cloud sheet. 


numbers refer 1 


The equation connecting @ and T is: 
doxygen-18) = — (0-97 -+ 6-4) 


An equally ise correlation has been found to 
exist between A (deuterium) and 7, and is represented 
by the equation : 


A (deuterium) = — (0-82 + 8) 

The isotopic compositions ð and A eepentially 
depend on the temperature of formation, and appear, 
at first sight, to be independent of any other oondition 
such as the cloud height or the type of precipitation. 

The very marked seasonal effect, cao pey cold 
transition from the p to the ‘isotopic 
summer’ (Fig. 1), may clearly interpreted by 
referring to Big. 4, which presenta the mean monthly 
temperature of the air with respect to ita height, in 
the atmosphere above King Baudouin Base. The 
known polar climatic characteristios very clearly 
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Table 1 j 
A DH Type and mean height 
(per ont) of doud 
—140 st. = 800 m. š 
2-1 s. 1,400 m. 
—262 as. 3,000 m. 
—25°7 (rime) 0 
—26-5 (rims) 0 
—29 7 eo, 1,750 m. 
—242 as. 2,800 m. 
-87 9 ns. 2,300 m. 
-2t ec, 1,300 m. 
—25 0 fee 0 
—24.23 rime) 0 
—214 » so 1,100 m. 
—29 9 ao 2,550 m. 
—247 ao. 1,800 m. 
—20 st. 1,000 m. 
—25-7 ac. 3,700 m. 
—20 5 ac, 2,100 m. 
—17-3 st 1,200 m. 
—18-7 eo. 1,200 m. 
—18 4 
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* Oxygen isotopes from Gonfiantini (ref. 1). _ 
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Fig. & Monthly mean temperatures from upper-air soundings at King Baudouin Base—1058 


discussed in a recent article by Wexler’ are found 
ehere. It is clear that the temperatures of the 

i troposphere in which the precipitating 
clouds form are closely grouped about two mean 
values, and that these temperatures pass from the 
mean summer to the mean winter values in two 


hoped that the type of isotopic variations observed. 
in 1958 follows a rule which will apply to other years. 
On Fig. 4 is to be noted the wide dispersion of the 
ground temperatures, due mainly to the winter 
ground-inversion. This shows that ground tempere- 
tare is not the best parameter to be used in work of 
this type. 
In conclusion, the ratios oxygen-18 : oxygen-16 and 
deuterium : hydrogen in the snow-falls are seen to vary 
in a very similar pattern. These two parameters 
represent a veritable thermometer of the turo 
of the middle troposphere, where the clouds causing 
the precipitation are formed. A variation of 1 deg. C 


corresponds to a relative variation of about 1 */,, in 
the ratio oxygen-18 : oxygen-16, and 0-8 per cent in 
the ratio deuterium : hydrogen—both . values are 
well above the experimental errors of measurement. 

The recent work of Dansgaard et al.* carried out on 
Greenland ice of known ages confirms that the isotopic 
composition of mow is conserved for at least several 
hundreds of years, even through compaction and 
transformation into ice. A very important applice- 
tion of these results would be a study of the recent 
climatic variations of the antarctic continent. 

A full acoount of this work will be published 
elsewhere. 

We wish to thank Dr. H. Wexler (U.S. Weather 
Bureau), Dr. W. Dansgaard (University of Copen- 
hagen), Dr. E. Roth and G. Nief (CEN., 
Saclay) and Prof. E. Tongiorgi (University of Pisa) 
for helpful discussions. 

1 Gonflantini, B., and Ploctotto, H., Weture, 194, 1557 (1059). 
*do Maero, X, Hep. Antaret. Belge, 1057-58, Rapports scientifiques, 


rare and Boato, G., “Ann, Rev. Phys. Ohem.”, 

‘ Epstein, 8., LG.Y. Bull, No. 21 (1050). 

; Danagzard, W., Nef, G., and Roth, H., Nature, 185, 232 (1060). 
L, Geookim. Cosmockun. Aata, 4, 80 (1953). 

eiee E, Quart. J. Rey. Met, Soe., 85, 196 (1959) 
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VALENCE-BOND STRUCTURES: A NEW PROPOSAL 


By Dr. J. W. LINNETT, F.R.S.* 
Chemistry Department, Untversity of Calrfornia, Berkeley 


the simple valence-bond treatment of molecules 
such as CH, two electrons having opposed spins 
are assigned to each bond. A similar feature applies 
to such molecules as H,O in which there are lone- 
pairs. Ib is assumed, in all these molecules, that 


* On leave from Inorganie Chemistry Laboratory, Untvrersity of 
Oxford. 


Ce ee 
exactly similar group of electrons of the other 

For structures such as that of C,H, or CO, ich 
cannot be described adequately in such simple terms, 
the _Of resonance has been introduced, the 
structure by a combination of two 
or more structures of the Reth kmd. That is, each 


860. { 
structure, is made of shared and lone pairs of 
electrons, and each structure has two identical sets of 
electrons, one being made up of electrons of spin + $ 
and the other of electrons of spin — $. It ıs the 
purpose of this communication to suggest some 
modifications of this approach, and, in particular, to 
i ee ee ee 

ility of such molecules as benzene and carbon 
dioxide, which 1s usually ascribed to resonance, and 


energy. 
The modification that is proposed here was sug- 
by a consideration of the structure of the 
relatively stable ‘radicals’: nitric oxide, the p-benzo- 
semiquinone tive ion, Wurster’s blue ion, 
diphenyi-pioryl-hydrazyl, eto. In nitric oxide, there 
are five valency-shell electrons of one spin and six 
of the other. The first form a grouping in the mole- 
ee ee ey ee eee 


NEO. INTO! 
1 Il pga 


In both (1) and (11), there are four electrons (lone and 
shared) associated with each atom. Bo, if (1) and (IX) 
are combined, the structure would be such that each 
atom possessed a shell of eight electrons made up of 
four of one spin and four of the other. Moreover, it 
is possible for each set of four to have & high prob- 
ability of having a configuration which is nearly 
tetrahedral, th 


posed signs, /--- one electron with one 
eee one electron with the other spin’. On 
the p -benzo-semiquinone pe necro ion, Veen s ome 
ion and 

sented by (IV), ( 
structures which are probably less important. 


Resonance Resonance NOs 
‘IV v vi 
In all the above structures every carbon, nitrogen 


Gy oxyien atari ha A DAIL of aight electrons: four 
of each spin. It is postulated that it is because such 
structures can occur and are i that the 
above substances show a high stebility which may, 


otherwise, seem ee if diphenyl- 
pieryl-hydraxyl were to there would be no 
net gain in the number of bonds, because the forma- 


mises Ge she new Done ge Pere eee ee 
of the loss of the two half-bonds between the nitrogen 
atoms. De ee eee ee _ 
regards both polymerisation an electron er 
produce the one and hydroquinone double 
ar and (V) above, it has been 


This concept can be applied much more widely, 
Dut sanmideration WAN be Embed hese fo sie vious 
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O, CO, and OH, Oxygen, with twelve valency-shell 
electrons in all, could be imagined as adopting one or 
other of the structures (VIT) and (VID). 


In both, each atom hes a shell of eight electrons, 
four of one spin and four of the other, and also for 
both there are four electrons involved m i 
Which of these is gomg to be the ground-state ? 
is not surprising that (VOT) is, because, m this 
electron configuration, five electrons have the oon- 


approach, 
the valence-bond method, it is just as easy to under- 
stand why the ground-state of O, is the triplet state, 
as ib is on the method of molecular orbitals. The 
1A and 1 states of O, are 22:6 and 37-6 keal. above 
the ground-state’. The latter resembles more closely 
the double bond in a polyatomic molecule (for 
example, ethylene) because the azimuthal itions 
of the electrons in the x, orbital are uncorrelated (by 
spin correlation) in the 1A state, whereas they tend 
to be at the same azimuthal angle in the 1E state. 
Thus, the adoption of structure (VIII) would appear 
about 35—40 koal. relative toe 


a OO y repennnco involving the strates 
Baa b T oso —0=0—0= is 
usually supposed to occur. Anecrding to dis ro 
idea, there would be added: 


so OS C EO tra z= 0 = C > o> 


x x 


===0 == C2550 SE 
XI 


Of theese, (LX) in likely to be the most important 
because ib reduces the magnitude of mter-electron 
repulsion energy more than do the others. In (IX) 
the two bonds are analogous to the bond in (VIII). 
On this basis, it is not surprising that CO, is 86 koal. 
(ref. 8) more stable than would be expected for the 
structure =O=O==O=. Moreover, the stabilization 
ia not ascribed entirely to resonance but to the 
reduction in the mter-electron ion im (LX) as 
with that to be in =O—C-0=. 
Of course, Wiel betes oa. E a doce 
of the structure of CO, would be provided by reson- 
ance between (LX), (X), (XI) and the three con- 
ventional electron-pair structures. However, whas is 
being ‘suggested. here is that it seems le that 
(CX) is an important structure, and probably the 
most important one. 
In a similar manner, benzene would be written es 


Q 


XI 
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and the stabilization energy of 37 kcal. relative to a 
Kekulé structure (ref: 8) would be interpreted as 
being due, in large part, to & reduction in tho inter- 
electron repulsion energy in (XII) as compared with 
that in a 6 siructure involving the conventional 
double-bonds. It is of the same order as that found 
in O, and OO,, and it is therefore not unreasonable 
to suppose that analogous effects are important in all 


these molecules. Further, the most simple-minded ` 


approach to electron-electron repulsion surely in- 
dicates that configurations which have high prob- 

according to (XII) must, in truth, have a 
a A 
formule. Yet, resonance between the 
E fase soca ee e Ge onde 

ions which separate spatially all the six 
electrons of the ‘aromatic sextet’ but nevertheless 
locate all in bond regions. 

These ideas can be extended to other aromatic 
are usually in terms of resonance, and 
complex ione; and these and other applications will 
be presented elsewhere. Here the account given has 
been qualitative, but wave-functions oan be devised 
which correspond to the above structures and hence 


ability 
considerano 
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quantitative and semi-quantitative developments are 
possible. The method would be an extension of the 
valence-bond method. However, the wave functions 
could not be of the Heitlar-Londan type but some 
modified or new form would have to be developed. 
This should not be difficult. 

The pro submitted here may be summarized m 
the followmg way. G. N. Lewis‘ stressed the import- 
ance of the electron, octet. In all cases he treated it as 
made up of four pairs. It is suggested here that it is 
better to treat it as two groupe of four electrona. 
When the two groupe of four are similarly disposed, 
as they are in many molecules, the iptions as 
four-pairs or two-quartete become identical How- 
po a TOE OOE ne Teria fang papoa 
of the two-quarteta t prorii aeiaoiy 


ion, whereas the pars does not. 

‘are, it is a pede pct 
treated pri as four pairs but rather as a 
TO tage 


J Ohom: oe 275 (1956) and 
Tape a a ax ). Gren, M. Linnett, 
Herzberg, G. and Molooular Structure. I, 
Diatomic MWMoloules”, jouer 860 than Nostrand, New York, 1050). 
‘Paine To oft Prea, 180. nOn S, third od, 195 
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CHROMOSOME PLOIDY AND RADIOSENSITIVITY OF TUMOURS 


By LASZLO REVESZ and ULLA NORMAN 
Institute for Tumour Blology, Karolinska Institutet Medical School, Stockholm 


HE cell populations of animal and human neo- 

plasms frequently show s considerable variation 
in chromosome number and deoxyribonnolsic acid 
content4,*. It is not known whether there is any 
relationship between the chromosome number and 
the SE ni of tumour cells. Work on the 
relationship loidy and sensitivity to radis- 
tion bar been carriedion! ant cot falling othe 
euploid series and derived from such biological objecte 
as plants, fungi and If the effect of 
radiation on cell multipHoation alone is considered, 
all reported observations indicate that radiosensitivity 
is greatest in the haploid cell and decreases more or 
lees regularly with imoreesing ploidy. No direct 
extrapolations to neoplastic cells are permissible, 
however, aince the predominant stem-line cell type is 
aneuploid in many tumours. The maim stem-line 
number is frequently doubled, more or less exactly, 
ina , second stem-linet. It cannot be predicted 
how & given aneuploid stem-line will react to radia- 
tion as compared to the doubled stem-line. Re- 
arrangements occurring concurrently with, or after, 
duplication may, for example, render sensitive sites 
monosomio and make the oell more sensitive to 
radiation. 

The problem was approached experimentally by 
of different ploidy derived from the same original 
tumour. In such material fhe findings can be inter- 
preted with more confidence than would be the case 
when compermg independent tumour cell populations 
of different ploidy which, besides ible differences 
in radiosensitivity, may differ regard to many, 


not necessarily relevant, other characteristios. An 
Ehrlich ascites tumour, designated ELD, also known 
under the synonym Landsshttts sarcomas I or under 
the designation LE was used**. This tumour and 
its sub-lmes were maintained in adult, heterorygous 
mice by intraperitoneal transfer of 0:1 ml. ascites 
diluted tenfold with sterile Ringer solution. During 
several periods of varying length, the ocells were 
stored at —79° C. Chromosomes were counted on 
aceto-orcein squash p tions of material treated 
with oolchicin’. More 95 per cent of the BLD 
population is hyperdiploid with a modal chromosame 
number of 46. Cells with a doubled, hypertetraploid 
number occur at frequencies between l and 5 per 


owing Kaziwara’s approach of ‘immunoeelec- 
tion’, that is, taking advantage of the imoreased 


Table 1. PROPERTIES OF THY TARER BUM-LONB OF THE ERLICH 
ASCITES 
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after inoculation of 8 x 10* untreated 


standard 
duplicate and 6 lilies te determinations. A, untreated lines ; 
B, irradiated lines 


resistance of hypertetraploid cells to the homograft 
reaction as compared. to the hyperdiploid cells’, a 
predominantly (more than 85 per cent) hypertetre- 
ploid sub-lme was derived from ELD, after homo- 

lantation of 20 x 10* oells irradiated with 
4,000 r. (ref. 4). The new line was designated HLT 
and had a modal chromosome number of 92. The 
X-ray doso damaged the majority of the cells irre- 
versibly. Such lethally damaged cells may strengthen. 
the homograft reaction considerably* and increase its 
selecting effect on the small viable remainder of the 
population. The ratios of modal chromosome number, 
average cell volume, and average amount of deoxy- 
ribonucleic acid per cell were approximately 1:2 
when ELD and the first three consecutive transplant 
generations of ELT were compared (see Table 1 and 
ref. 4). In agreement with the findings of Kaziwara’, 
hyperdiploid cells had a proliferative advantage over 
hypertetraploid cells in the absence of immuno- 
selection‘ and the population of HLT shifted back 
gradually towards the predominance of hyperdiploid 
cells in the course of serial transfer with large 
(20 x 10) cell doses. The tumour lme derived from 
ELT after fifteen such passages, designated LTD, 
was oytologically’ mdistinguishable from the main 
ELD line. 


In a series of experiments, 8 x 10° untreated or 
irradiated cells of the three sub-lmes were grown 
intraperitoneally within diffusion chambers of a 
modified Algire type!!. The conditions of irradiation 
in vitro, the construction and sterilization of the 
chambers, and the method of introducing the cells 
are bemg published elsewhere*. ‘Millipore’ filters 
of HA type (Millipore Corporation, Bedford, Maas.) 
with a pore size of 0-5 were used in order to protect 
the graft from the influence of cellular host reactions 
provoked by transplanted, irradiated cells*,?. Such 
reactions (mflammatory reaction, accelerated stroma 
formation, moreased vascularization, homograft re- 
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action, etc.) may have a stimulating or an inhibiting 
effect on tumour growth, and may therefore interfere 
with the testmg of cellular radiosenartivity. The cell 
impermeable filter membrane permits the dffumon 
of soluble material, but preventa the pre-irradiated 
graft from having direct contact with host cells. 

The cell content of the chambers was determined 
quantitatively at various intervals after inoculation. 
The technique is being described elsewhere!?. Tho 
growth characteristics of the three sub-lines were 
closely milar when untreated. They differed clearly 
with regard to their response to radiation, however. 
After a dose of 1,000 r., the total number of ELT 
cells was conmstently larger than that of BZD or 
HLTD at corresponding times during an observation 
period of 16 days. HLT oella, treated with 2,000 r. 
or 8,000 r., increased in number three- and two-fold, 
respectively, by the end of the third week after 
inoculation. No detectable increase of the HLD and 
ELTD populations occurred after treatment with the 
same X-ray doses. Irradiation with 4,000 r. inhibited 
the growth of all lines completely. The growth 
behaviour of the untreated cels and the growth 
curves after treatment with 2,000 r. are illustrated 
in Fig. 1. 

These findings indicate that a difference exists 
between the radiosensitivity of tumour ocell populs- 
tions of common origin but differing in chromosome 
ploidy. The change of the radi oon- 

with the ploidy shift from a hyperdiploid 
to a hypertetraploid and, afterwards, again to a 
hyperdiploid dominance, implies that the difference 
m radiosensitivity can be related directly to the 
ploidy difference, and is not comeidental to the 
separate maintenance of the lines. 

The question arises. whether selection of polyploid 
cells in the course of radiation treatment may oon- 
tribute to the development of resistance to radiation 
in animal or human neoplasms. Recent observations 
on the change of the deoxyribonucleic acid content 
associated with the development of resistance to 
radiation in human uterine tumours may favour this 
posmbility. 

A detailed report of this work will be published 
elsewhere. 

We thank Prof. G. Klein for his continuous mterest 
m these mvestigations and his stimulating criticism ; 
and Dr. K. E. Hellstrom for advice regardmg the 
cytological methods. This work was supported by 
grants from the Swedish Cancer Society and by 
Grant 0-4747 (to G. Klein) from the National Cancer 
Institute, U.S. Public Health Service. 
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LETTERS TO THE EDITORS 


i PHYSICS 


A New Plasma Confinement Geometry 
As is well known, the strong fron radiation 
recently predicted by Trubnikov and Kudryavtsev! 
from a plasma containing a magnetio field at thermo- 
nuclear temperatures makes it harder to design a 
thermonuclear reactor using the deuterium—tritium 
reaction, and practically impossible to design a 
deuterium—deuterium reactor.- One way to get 
around this difficulty is to have no magnetio fleld in 
the plasma, so that the radiation becomes only a 
surface phenomenon instead of a bulk one. Of all 
the magnetic confining geometries at present known, 
theoretically only one has enough stability to hold a 
pure (that is, B = SxnkT/B* = 1) plasma. This is 
the picket fence or cusped geometry*. Unfortunately, 
according to Grad‘, the cusps will be very leaky. At- 
tempts have been made to construct geometries 
to avoid these leaks by closing the-cusps on themselves 
op goed the most interesting papers by Braginski 
omtsev‘). The same idea was proposed 
independently by Longmire and me some years ago 
under the name ‘caulked picket fence’ (Fig. 1). 
These geometries involved current-carrying rings, 
disposed inside a solenoid having a longitudinal mag 
netio fleld. Quite apart from the topological copies: 
ibility of connecting leads or cooling to these rings 
without making contact with the plasma, the systems 
were unstable in their toroidal form because there 
was no rotational transform in the torus axial field. 
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Fig. 1.- Oaulked poket fence geomet y 


' line B encircling the mner conductor. 





Fig. 2 Toroidal magnehg pisma confinemit gs ky. Tho 


is coutinuous without connexons and floats 
Doer PTALI The rotational transform of the field 1s not shown 


During 6 re-examination of these old ideas, a new 
geometry (to be known as a helixion) has appeared, 
based on the helix, which appears to make possible 
stable 8 = 1 confinement with zero cusp lowes m a 
torus. Furthermore, a lmeer helical system with 
p = 1 stable confinement, with cusp losses reducible 
to an arbitrarily small fraction of the confined plasma 
in unit time, that can be operated by d.c. and cooled, 
seems to be possible. 

The toroidal helixion is shown in Fig. 2. An ex- 
ternal tight helical winding on the torus has linear 
current density ïj per unit circumferential length. 
An internal open helix has mean current density 
—j (less than this will suffice but involves a sacrifice 
of the confined volume). The effect of this is to pro- 
duce e chain of regions along the axis where the field 
is weakened (there are no neutral pomts), which are 
bounded on all sides by magnetic fields of positive 
curvature. In the limit of infinite plasma con- 
ductivity, these places could be occupied by plasma, 
and be completely stable. However, these regions 
have cusps—sey, A and O which are bridged by a 
In the region 
of the bridge, the system has a curvature which is 
in the sense for hydromagnetio mstability. In the 
old conception (ref. 5 above), it was believed that the 
regions of the bridge would, since the field there is 
much larger than that surrounding the main body of 
the plasma, be largely free from plasma, so that the 
hydromagnetic instability would convey a negligible 
amount of plasms to the wall. By reference to the 
cusp loss theory of Grad*, the cusp acts at high 8 hke 
a slit, of width 33, where 3 is the plasma-field sheath 
thickness, fram which the plasma escapes freely. 
We now see that Ime B becomes a connecting bridge 
(tongue in the words of Kadomtsev) of plasma, having 
a particle density n no leas than that in the mam 
ẹ — 1 body, although its B can be much leas than 
unity, since the bridge field can be much larger than 
that at the main B = 1 plasma surface. 

Consequently, it is imperative to retain hydro- 
magnetic stability in the bridge. The problem of the 
sae ale stability of this region much resembles 
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that of the stellarator, and it is safe to assume that 

there will be a limiting stable §, call it 8s, in the bridge. 

Then if B» is the magnetic field in the bridge, B, at the 

surface of the main B = 1 region, the critical density 

ee goen A everywhere will be n = 6,.B,"/8rnkT', 
1*/Bo 

Note that the inclination of the helical winding 
re eee To tho fcin in the bridge megint, 
which is beneficial for stability, increasing Be and 
that the axial component of the current in the 
helix imparts a rotational transform to the axial 
field which is easential for stability in a torus. 
The current in the helix must be produced by mag- 
netic induction, so the operation is discontinuous. 
The quantity (reactmg volume/wall area) increases 
with the scale, as does the decay time constant of the 
induced current, 80 it 1s advantageous to make the 
device large. The magnetic levitation of a plain ring 
m a torus has already been demonstrated experi- 
mentally in connexion with the toroidal hard-core 
pinch concept or levitron of Colgate and Furth’. 

So far, in this hypothesis we have B = 1 stable 
confinement, with no cusp lowes. Only the plasma 
in the bridges and surface sheaths will give synchro- 
tron radiation. However, it would be idle to pretend 
that this object is simple from the practical point of 
view. The discontinuous operation is a disadvantage 
and it is difficult to cool the helix. 

For the extension of this idea to an open-ended 
helixion, consider the region that could be 
occupied by a plasma in the vicinity of the neutral 
point produced by a straight ing wire, 
m a transverse magnetic field. Such a region has 
two cusps which are bridged around the wire, and two 
cusps which connect to the outside world. The 
plasma region does not touch the wire. Now it turns 
out that as the inclination of the wire to the magnetico 
field is reduced, the cusped region shrinks, and ultim- 
ately vanishes, without touching the wire. For a 
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uniform magnetic field of magnitude Á, ae ee 
in pressure equilibrium with a field a4 (a < 1), the 
cusped region vanishes when the angle between the 
axis of the wire and the field is cop's. The proof 
must be reserved for a longer communication. 

Now consider straight long solenoid having in it 
& helix as in the right-hand side of Fig. 3. The 
magnetic field is greatly reduced on the axis and is 
large between the helix and the wall. For connexion 
of the helix conductor to a source of d.c. current and 
for cooling, the helix is opened up, increasing the 
inclination of the turns to the axis, so that it ultim- 
ately emerges from the end as an axial conductor. 
The main bulk of the plasma has bri and 
is connected to the outside world solely at the ends 
via a ring cusp. Pa co a pana came 
are independent of the length, and the system can 
made very long, since the solenoid can be supported 
magnetically. As with the torus, the system becomes 
energetically more profitable as the solenoid radius is 
increased. Most (possibly all) of the magnetic lines 
can be made to terminate at the ends of the system. 
This means that the mean stream of quiescent cros- 
field diffusion from plasms to wall can, if desired, be 
intercepted at the ends in the manner of a diverter’. 

Helpful criticiam by H. Dreicer and T. H. Stratton 
is gratefully acknowledged. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 


Jamas L. Tuor 
Los Alamos Scientific Laboratory, 


University of California, 
Los Alamos, New Mexico, 
July 30. 
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Thermal Conduction In Mica along the 
Planes of Cleavage 


A NUMBER of measurements on the thermal 
conductivity of mica perpendicular to the cleayage 
Dr ee Cae ot ae i However, 
Poke ae toes; of J which suggests 
the thermal conductivity ia highly anisotropic, 
no data appear to be available relating to conduction 
along the planes. We report here the resulta of some 
measurements, with heat flow along the planes of 
cleavage, on phlogopite, a type of mica which is 
effectively uniaxial and isotropic within the layers. 
We employed two different experimental Reina 
In the first of these, the thermal cond 
obtained directly using an absohrte method‘. A blook 
of mica, which wae built up from a large number of 
sheets, was cemented with ‘Araldite’ between two 
copper plates. The thermal resistance of the mica 
block was obtained by er eee 
the layers af adhegive: from the measured overall 
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Tesistance. The thickness of the mica Maca pe 


mpeaiflo heat of 0-86 joule/gm. ° O. was assumed’, 
The resule obtained by the two methods were in 
good agreement with each other. The indirect method 
Ao arte A ee ae for the thermal 
diffusivity at 27° 0 to a thermal conductance 
of 0+0168 + 0-0009 W./° . for a rectangular block 
1 om. long, with a masa of 1 gm. Using the direct 
pee ee ity was found to be 0-0185 + 
0-0018 W./°C.; within the limits of experimental 
acouracy, ž showed no varistjon over the tempers 
ture range —85° to 85° O. Thus, ing a density 
of 2-8 gm./o.o. (ref. 6), the values for the thermal 
to the two methods are 
0-046 and 0-052 W./com. ° O. respectively. 
It is concluded that the thermal vonductivity of 
phlogopite mer a the planes of ee is about 
0:05 W./em. This is an order of hig apes 
greater than the values which are typical for the 


perpendicular direction!. 
H. J. GOLD8MID 


A. E. BOowLsY 
Research Laboratories, 
The General Electrio Co., Ltd., 
Wembley, England. 


Leeren > Wu and Griffiths, H., Proc. Rey. Ser 108 199 (1937); 
Orttical 


Measurement of Slip (Ko) and Viscous 
(Bo) Flow Coefficients of Permeable Solids 

Iv is usual to measure the slip (Ko) and viscous 
(Bo) flow coefficients of permeable solids by plotting 
K= “42: as a function of mean specimen pressure t 


Ø, and using the slope and intercepts of the curve to 
find Bo and Ko. It is also posible to find Bo and 
Ko in one measurement (at a single Ø), of K, p, 


Taruh Pe (outlet) and the centre-speciman pressure. 
y knowing that the mas flow : 


Qn - — r KØ) Z, that K =a +b 


ERT 
where a = zek Ea 


and b = Boj (yj is gas viscosity), and that the 
divergence of Q,, is zero (Z — axial flow only, that is, 
a rod or bar test-piece), a pressure distribution p(Z) 
p(Z) = p(t), that is, 


pressure half-way along -length (Z = L/2), 
a/b can be found as: 
i (p? + pe) — p*(t) 





2 p(t) — (pe + P) 
by measurements of preesures at three pointe, 
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independently of dow. Sin K-69 [1 +7. z| 
by finding K from flow measurements, b can be 
found, and hence a: that is, Bo and Ko oan be found. 
p4) = RMS. valno, | PEE PÀ, for the caso 


Ko = 0, and = % when Bo is zero. 
It is hoped to publish this method fully elsewhere. 


J. QG. Bram 
English Electric Oo., Lid., 
Marconi House, 
Strand, 
London, W.C.2. 
July 29. 
a Fine-Pore Graphite”. 


? Hu J. at al., “Plow of Gases 
Sor barn Conference paper (Sept. 1967). 


ASTROPHYSICS 


Temperatures reached In Electrical 
Discharges In the Solar Atmosphere 


Ix a contribution"* to the Institution of Electrical 
Convention on Thermonuclear Processes, 
of which a somewhat fuller account was published 
later in Nature's, I suggested that the electrical 
theory of polar flares and the sasociated 
io storms and surors led to the lie 
result that the temperature of these discharges must 
reach values of the arder of 100,000,000° K. some- 
where between the Sum and the Harth’s orbit. In 
another account! of this work, I suggested that this 
need not come as too great a ipe, a8 termperatures 
of the order of 1,000,000° K. been, obtamed some 
years earlier in electrical in the laboratory 
(I. V. Kurchatov, Moscow, 1956), and for long hago 
been known, to exist m the solar corona. 


as Z Andromede 
and AX Persei, for example. In these the temperature 
is initialty that leading to the ionization of the metals, 
hydrogen and helium, that is, probebly of the order 
of 5,000° or 10,000° K. However, by the time 
the discharge reaches the outer regions of these stellar 
heres, after periods of the order of 100-200 
days, the discharge ture reaches values of the 
order of 1,000,000° K. ag lines of Fe X and Fe XIV 
in tue star's 


than that of an electrical 

Similar Fie co ae a a a 
discharges, can be measured, as I have suggested, 
by eh proposa ‘cosmic gae-velocity thermometer’, 
of which the basic conception is that these high gas 
velocitias observed in stars and galaxies are always 
the result of electrical discharges, the velocities of 
these jets bemg linked closely with their tempera- 
tures¥, im contradistinction to the sasumptions 
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often made in other accounts of these solar jets’. The 


which ultimately forms Population I stars, and that 
which originally formed Population II stars, is that 
the former has been subjected +o ‘thermonuclear 
temperatures’ of the order of 400,000,000° K. for a 
period of the order of 10-100 million years, during the 
formation of the spiral arms. It may be, therefore, 
that it is this difference which has led to the difference 
in the proportions of the heavier elements observed 
in these two stellar populations. It is not easy to 
visualize all the physical characteristios of electrical 


discharges on a scale as that envisaged, but at 
present the value of n, the number of atoms aom.’ 
of the galactio atmosphere, required to the 


observed chemical change in the time available, 
appears +0 be too high. However, it would be inter- 
Ae dee bdo ela eee 
pe eas ee inice Petreen E 
og er 


Electrical Research Association, 
Leatherhead, 
Surrey. 
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The Sudden Discontinu in the Orbital 
Period of Sputnik 4 Satellite 


Tma orbit of the fourth Russian Earth satellite 
soon after its late launching on May 14, 1960, was 
similar to the orbits of the previous Sputniks, as 
may be sean from the orbital elemente shown in Table 
X A Tass News Agency report of May 17 indicated 
that there were two objecte close together in .orbit— 
the composite satellite itself, consisting of & ‘ 
capsule’ attached to an instrumental section, the 
last stage of the launchmg rocket. The instrumental 
section, included a transmitter or transmitters radist- 
ing on frequencies of 19:996 and 39-992 Mo./s., as 
measured at the Radio Research Station, Slough. 
The. first radio directional observa- 
tions from the United Kingdom 
were made at the Radio Research 
Station on transits occurring at 
about 1054 hr. and 12265 hr. v.t. on 
May 15. The first reported visual 
observation from Western Europe 
of the composite satellite and rocket 
was made from Meudon at about 
0325 hr. u.r. on May 16. 

The radio observations of the 
transmitting component made be- 
fore May 19.0 indicated that the 
satellite was behaving normally, 
the nodal period dropping by about 
0-8 sec./day. However, radio ob- 
servations made after this time 
indicated that the satellite was 

northern apex progress- 
ively later on each revolution, and- 
by 1200 hr. v.t. on May 19 ite tran- 
sits were some 25 min. later than 
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icted. Interferometer observations made at the 

Research Station indicated that the inclina- 
tion of the orbit had not appreciably altered, and so 
an increese in orbital period was suspected. A com- 
parison between and observed a times 
was made from transite before and after 00 br. v.t. on 
May 19, and the differences have been. plotted against 
the observed apex times (Fig. 1). Woe lot -sonsteta 
of two distinct linear distributions of points and the 
intersection of lines fitted to each group lies at 2857 
hr. u.T. on May 18. The time of this-observed dis- 
continuity in the orbital period coincides very closely 
with the time of 2353 hr. v.t. at which, according to 
a Tees News report of May 21, an 
had been made to bri the ‘space capsule’ out of 
orbit. Tt is of interest to note that at the latter time 
the satellite was almost exactly at position, 
the geographical co-ordinates of which were long. 
60° E., lat. 54° N., and the path of the satellite lay 
across the whole breadth of the U.S.S.R. The slope 
of the plot after the discontinuity implies an increase 
of period of approximately 8 min. from about 91-2 
min. to 94-3 min., and the elements of the orbit after. 
this time are shown in Table 1. 


Table 1. 


ORBITAL HLIXENTS OF Spuinw 4 BATELLITE 


Before ap After a) 
60 hr. V.T. Hay 10 00 hr. To May 19 





At about 0741 hr. u.r. on May 19, the 
composte satellite wes observed visually from 
Canada as two olose componente which ere now 
slowly separating. The 1 component has been 
identified by directional radio observations made et 
the Radio Research Station, Slough, as the trans- 
mitter section. Later observations indicated tho 
presence of more than two components in 
approximately the same orbit as the transmitting 
section : visual observations on a total of five objects 
in this orbit have reached us. . 

The information available from the Tass report of 
May 21 indicates that the ‘space capsule’ was apper- 
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ently mtended to leave the orbrt from near the 
perigee position by means of a retro-rooket system. 
The observed discontinuity m the orbital period of 
the satellite seems to suggest that the satellite was 
misaligned at the tme of firmg and, aa a consequence, 
the retro-rocket placed both the ca and the 
section into a higher orbit than that 

of the rocket. 
The work described above wes carried out as part 
of the programme of the Redio Research Board, and 
is publshed by permission of the Director of Radio 


Research of the Department of -Scientific and ` 


Industrial Research. 


B. R. May 
D. E. Soru 


: Radio Research Station 
(Department of Scientific and Industrial Research), 
Slough, Buoks. 
June 21. 


OCEANOGRAPHY 


Ocean Currents in McMurdo Sound 


MuasvunEMunts of ocean currents m McMurdo 
Sound, Antarctica, were made during May and June 
1959, by measuring the potential differences developed 
between three silver—silver chloride electrodes hung m 
the sea below the 100. 

Initially the electrodes were placed in the sea ct 
the same location to determine the contact potentials 
and to estimate their variations. Tho electrodes, 
labelled N, W and S, were then placed out, N 500 
m. north and W 500 m. west of the third electrode 
S which was 5 km. from Scott Base (77° 51’ 8. and 
166° 48’ E.) and on a line bearing 200° from rtt. 
The electrodes were connected by cable to Scott 
Base where the potentials between adjacent pairs 
were recorded by a four-pomt Honeywell Brown 
recorder 


On magnetically disturbed days the records were 
too disturbed to be of use. The records from calm 
days were selected and the values recorded by each 
adjacent electrode pair were averaged over a whole 
day, thus elimmatmg the tidel effect,, which was 
mainly diurnal, leeving the general ocean drift. 
Since the instantaneous sum of the N-S and S-W 
potential differences equalled the N-W deference, 
the averages found for the respective channels should 
agree hkewise. 

For the purposes of calculating the currents it was 
assyroed that there was s uniform flow in a straight 
channel. After consideration of the formula derrved 
by Longuet-Higgins' for flow in a semi-elliptical 
bhannel, í whe ananda that the shapa at tha shannal 
and the conductivity of the bedrock were in this 
instance not important factors., A value of 0-69 
oersted was used for the vertical component of the 
Earth's field. The results of the analysis 
of 18 days records are listed in Table 1, giving a mean 
velocity of 7-5 am. sec! in a direction 44° east of 
north. Short-term current meter readings were in 
general agreement with this mean. These resulta 
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indicate a different direction of drift past Cape 
Armitage (from McMurdo Sound towards the Roses 
ice shelf) from that which has been observed during 
summer months*. 

Lead strip electrodes, placed on the surface of the 
ice, which was 2 m. thick, were tried also; but 
the ent had to be abandoned before con- 
clusive results could be obtained, although the few 
records obtained indicate that desprte a larger 
contact potential it would be possible to get useful 
resulta. 


A more detailed account of these measuremente, 
together with associated hydrological and tidal 
observations, is in preparation. 

A. E. Gumovurn 
New Zealand Oceanographic Institute, 
Department of Scientific and Industrial Research, 
W. J. P. MaoponaLp 
Geophysics Division, 
Department of Scientific and Industrial Research, 
Wellington. 


F. Q. Van pam HOEVEN 


ei Ts 8., Mon. Wot. Roy. Asiro. Soe, Geophys. Supp., 
e e Lan ot eaten ee 


GEOLOGY 


Pali Composition of Granites, the 
Genesis of Tektites, and Petrogenesis 


Tae recent article by Lovermg?, in which the 
average chemical composition of tektites was com- 
pared and contrasted with the average composition 
of terrestrial shales, oalcalkaline granites and grano- 
phyres, involves an important question which is too 
frequently ignored. Comparison was made with the 
average bulk chemical composition of shales (78 
analyses from Olark’s Tables), granites (72 analyses 
quoted by Nockolds) and acid granophyric differ- 
entiates of basic magma (35 analyses available in the 
literature). As a basis of discussion, it may be 
assumed that the bulk chemical analyses are accurate 
representations of each of the 185 samples involved. 
Probably it is reasonable to assume that each of the 
185 specimens was chosen by a competent geologist 
as a ‘typical sample’ to represent the rock-mass 
concerned. 


The vast majority of granitic bodies which outcrop 
at the Earth's surface have received some qualitative 
but virtually no quantitative study. Thus, there are 
virtually no granite plutons for which anything like 
adequate information is available as æ basis for 
determming the quantitative composition of the 
two-dimensional outcrop (representing the random 
section through the rock-mass). Even less is known 
about the three-dimansional composition and varia- 
bility. At the present tme, meagre quantitative data 
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are available for a dozen or so granite plutons 
that compositional gradientas occur in the bulk com- 

ition, and one or two ‘typical specimens’ oon- 
stitute a totally inadequate sample upon which to 
a ae a ee 
target population of specimens the entire 
pluton. Preliminary results for the ‘older granite’ 
of Donegal, Ireland, have been published’? and 
additional more detailed are in hand. 
Studies of variability in the Bahalda Road grano- 
diorite (India), the Wollaston and Deloro plutons 
(Canada), the Beinn an Dubhaich granite (Sootland), 
and the Mourne Mountain granite G2 (Ireland) are 
the subject of a manuscript in the prees. 

Critical study of these six and several other granite 
bodies makes it amply clear that for any one granitic 
mass the arithmetic mean computed for a few ‘typical 
specimens’ yields a meaningless value in terms of the 

average composition of the entire volume of granite. 
The geologist who collecte the ‘typical specimens’ 
almost certainly introduces a strong bias in his 
selection either involuntarily or voluntarily. Henoe 
adequate sampling of a pluton does not require simply 
the collection of a large number of ‘typical specimens’, 
but mvolves the implementation of a sampling design 
adjusted to the individual characteristics of the rock 
mas (of. Krumbein*). Bo far as is known, no entirely 
satisfactory sample has ever been taken for an entire 
granite pluton, so that the average composition of a 
T rated ve atris gaiaat tempat 
single case. 

In view of the problam involved in aaseasing the 
bulk mineralogical and/or chemical composition of a 
ane uae body, the arithmetic mean of bulk 

cal analyses of single specimens a 
tee rook will produce a value having 
kete or no tas vole Hanshi to the average oom- 
position of the target population for the 72 terrestrial 
plutons. However, 1f from a collection of hand-speci- 
mens derived from different plutons 72 similar samples 
are selected by a trained, geologist, it is highty probable 
that the average of the individual chemical analyses 
will represent the average ion of the 73 
specimens, but not of the 72 plutons represented. 

Apart from the average composition, reasonably 
complete sampling in the few masses studied quantita- 
tively shows that & large range in modal and norma- 
tive composition ocours in each rock-mase. This 18 
contrary to the impression by the usual pub- 
lished ternary diagrams normative and modal) 
based upon one ‘typical specimen’ from each of a 
large number of complexes. In the latter case the 
pointa naturally cluster closely together (of. Tuttle 
and Bowen’), and in the former are scattered widely 
on the ternary diagrams. 

Hence, whether the composition of tektites is 
related to analyses of the 72 calcalkaline granites or 
the 85 granophyres may be interesting; even a very 
strong positive correlation does not indicate whether 
the tektites are related to the average composition 
of granite masafs of broadly calcalkalme affinitica 
or to granophyric differentiates. Similar arguments 
apply with equal farce when a few ‘typical specimens’ 
are employed to draw comparisons between the bulk 
quantitative composition of different rock-maases, and 
also when such samples drawn from different arees 
are employed as the bases of petroganctio theories. 
However, in geological discussion considerable sig- 
nificance is usually attached to such average chemical 
and mineralogical values. This subject is developed 
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more extensively, and illustrated by quantitative 
data, in a further manuscript awaiting publication. 
E. H. Tptoray Warrran 


Department of Geology, 
Northwestern University, 


Evanston, Minois. 


1 Lovenng, J. F., Nature, 188, 1028 (1960). 
"Whitten, H. H. T., J. Geophys. Rss., 64, 885 (1059). 


"Whi H. H T. ae -first Internat. Geol. . P 
aca PE 14 108s ty: Oongr. (Copenhagen) 


‘ Krumbein, W. O., oil E E ha bt) 
va F., and Bowen, N. L, Geol. Boo. Amarion Memotrj74 


Nomenclature of the Keuper Series 


In the announcement in Nature! of the most 
interesting resulta of the recent bormgs penstrating 
the Trias of the Cheshire Plain, the Director of the 
Geological Survey made certain suggestions for the 
nomenclature of the sgubdivimons of the Keuper 
Series which, 1f adopted, may result m considerable 
confusion. The Keuper Series has, in the past, been 
subdivided into Keuper Marl and Keuper Sandstone 
rather than into Upper Keuper and Lower Keuper 
Pajaro although Wills! calls the latter 

“traditional classification”. Keuper Mar] and 
Robe Gade Ge eee a 
now call rock-stratigraphical units which have 

a time- signifloance even 
though this is probably not justified ın view of the 
paucity of fossils in the Trias and the weight that 
has to be placed on lithological correlation. Diff- 
culties have not arisen to any serious extent, because 
the subdivisions of both stages of the Keuper have 
been in rook hical unite and have been 
applicable to quite large but distmct areas. It is 
also of importance that the terms Lower, Middle 
and Upper Keuper are in use in Germany which, 
after all, was the type area, and that, at the moment, 
there is uncertainty concerning correlations suggested 
by the flora and fauna of the Bromagrove Keuper 
Sandstone with the Lettenkohle and the Muschelkalk 
of Germany and the Grés à Voltzia of Alsace. 

The new subdivisions proposed for Cheshire are 
likely to be because of the use before 
Keuper of the words ‘Lower’, ‘Middle’ and ‘Upper’, 
particularly with capital letters, which implies a tıme 
significance within the Series. For example, 
Lower Keuper Marl is intended to indicate a forma- 
tion in the lower part of the Keuper Marl, that 1s, 
lower Upper Keuper. As pointed out above, Lower 
sont “anes nt a ap ont en apse ea a 
stratigraphers to indicate the Keuper Sandstone, but 
to sone hot familias ith the stratigraphy of the 
British Trias the term immediately suggests a marl 
in the Lower Keuper, that is, in the Keuper Band- 
stone. The same sort of criticiam may be made of 
the other four subdivisions and of the term Upper 
Keuper Sandstone. 

The provisional names suggested for the Keuper 
Sandstone raise additional difficulties. In the pastas, Z 
the Upper Keuper Sandstone has been the name 
given to what is now normally known aa the Arden 
Sandstone‘, which truly belongs to the upper part of 
the Keuper Series. It is noteworthy that, to eliminate 
confusion, the term Arden Sandstone is used 
exclusively nowadays. Furthermore, Hull* used 
Lower Keuper Sandstone to cover the whole of the 
Keuper Sandstone, and the use of Upper Keuper 
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Sandstone to indicate the upper part of the Keuper 
Sandstone is most undesirable. 
Those who have been compiling the “Lexicon of 
Ree er Boot cone hor ee 
which reigns as a result of the indiscriminate 
use Sags ‘Lower’, ‘Middle’ and ‘Uppe’, and many 
similar examples in British hy could be 
quoted. It is to be hoped that the Geological Survey, 
particularly bearing in mind the German usage, will 
not now add new sources of difficulty at a time when 
it is widely agreed that there is great need for some 
simplification and clarification of the nomenclature. 
P. A. GABRETT 


* Matky, 0. A, Quart. J. Geol, Soe, Lond., OB, 252 (1912). 
is yaa and Permian Rooks of the Midiand Counties 
e Gost. Sars U.K., 66 (1860). 


ne ee 
geological maps 
lithological characters 


Shropshire 
of Saliferous Beds would be used to divide the Keuper 
Marl formation into Lower, Middle and Upper divi- 
sions in Cheshire. ae Me EEN ee 
into Lower and Upper pper Keuper Marl, which was used, 
for example, on the 1958 edition of One-inch Sheet 97 
(Runcorn) before the Upper Seliferous Series was 

known to axist!. 
The use in geology of saliferous horizons as indica- 


may well be taken, however, when investigations are 
completed on the beds “provisionally called Upper 
Keuper Sandstane’’. 
O. J. STUBBLAFIELD 
Geological Survey of Great Britain and 
Museum of Practical Geology, 
Saran ae aera 


South Kensington, 
London, 8.W.7. 


1 See also Bammary af of the Co Barrey or Grent 
Britain and Museum Geology 1054, $8 (1955). 
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METALLURGY 


Nomcrystalline Structure in Solidified 
Gold-Silicon Alloys 


Exomprt for thin films deposited at very low 
temperatures', highly disordered arrangements of the 
atoms, similar to that of the liquid state, have never 
been observed in solid metals and alloys. For some 
se ee eee ee ee 
more covalent than metallic, such hous oon- 
figurations have been retained in the solid state’ by 
cooling from the mek with sufficient oelerity so as to 
permi formation of the equilibrium orystalline 


Te. (hit aa Maal waa Boda 


alloy 
diffraction. A flake (area ~ 0-2 mm.*; thi 
sbye-Scherrer 


an ap 
finan oe conto nee. is plotted against 
gin 6/4 in Fig. 1. 





on ` 
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Fig. 1. X-ray diffraction petiem of gokd-mlicon alloy 
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This work was jointly supported by the Office of 
Naval Research and the U.8. Atomic Energy Com- 
M8810. 

W. KLCEKENT, JUN. 
R. H. Woes 
Pout DowEz 
Division of Engmeering, 
Calrfornia Institute of Technology, 
Pasadena, California. 
1 Buckel, W., Z. Phynk, 138, 186 (1054). 
"Krebs, FL, and Sohultse-Gebhardt, F., Acts Cryst, B, 412 (1055). 
3 Pol puwis Wien, ReH, and Klement, jun., W., J. App. Phys. 
, 1186 (1960) 


CHEMISTRY 


New Compounds for the Control of 
Water Evaporation 


CONSIDERABLE attention has lately been directed 
towards affective suppression of water evaporation 
from lakes and reservoirs by spreading insoluble 
monomolecular films over the water surfaces! 3. In 
order to be effective, the film-formmg compound 
should have several demrable properties? such as: 
(i) low meltmg point (~ 50°O.), which will enable it 
to spread rapidly on the water surface so that ita 
monomolecular film, if damaged, 1s easily healed ; 
(ii) large equilibrium film preasure at the tempers- 
tures of water surfaces (15—40° O.) normally met with 
in practice; (iii) the film formed should be stable, 
incompreasible and condensed. 

Cetyl alcohol exhibits most of the above properties 
.to a fair extent and therefore has been used as such 
or mixed with stearyl alcohol‘ in field experimenta. 
However, laboratory i ta indicate that at 
15-20° C. cetyl aloohol shows a reduction of Ta- 
tion of about 60-65 per cent, and at 30-85°C. the 
resistance is much lower (30—40 per cent) (Fig. 1). 
In field ente such films show even lower 
resistance and are also not durable, since their resist- 
ance has been found to decrease rapidly in the course 
of 24 hr. or so. The influence of ambient temperature 
on the efficiency of cetyl alcohol film has been oon- 
sidered by Ramdas’ and by others’. 

The higher homologues of cetyl aloohol should be 
more efficient but for their higher meltmg points. 
Substitution of the —OH group by a less active polar 
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group no doubt gives rise to compounds with lower 
melting points, but the films formed by them are 
generally compressible™ and give poor performance. 

Further, the flims formed by most of theee com- 
pounds deteriorate rapidly due to decomposition, 
hydrolysis or reactions with the impurities present 
in the underlying water. 

The unsaturated aloohols have lower melting pointe, 
but m these, apart from their higher instability, the 
ots-aloohol (for example, oleyl alcohol, melting point 
~C.) has a ‘bent-chain’ structure’ and thus gives 
rise to non- . The trans-alcohol (for ex- 
ample, elaidyl hol, melting pomt 86-87° O.) also 
does not yield an efficient film. On the other hand, 
1t was considered that the introduction of an addi- 
tional oxygen atom at the polar end of the saturated 
compounds would disturb the periodicity of the chain 
a little and the melting point would also be lowered 
slightly. Such a modification in the carbon chain 
would thus permit the use of longer-chain compounds. 

A sarios of compounds CH ,(CH ,CH,),—-OCH ,CH ,— 
OH (referred to as R—OEtOH) were, therefore, pre- 
pared by reaction of the bromides of pure myristyl, 
cetyl, stearyl and beheny! alcohols with mono-sodium 
glycolate and purified by fractional distillation and 

ion. Experiments are also in progress to 
prepare similar products [R—(OCH,),—-OH] by the 
direct condensation of R—OH with ethylene oxide. 
A study of these compounds will, inier aha, allow us 
to determme the maxmum number of molecules of 
ethylene oxide to be attached to an alkyl chain in 
order to obtam the most efficacious film-forming 
product. 

To test the efficacy of retardera of water evapora- 
tion in the laboratory, 0 32 ml. of 0-09 cent 
solutions of these compounds in ‘Analar’ (80-80) 
petroleum ether was spread over a clean water surface 
in a 9-om. diameter Petri dish which, with a control 
dish, was kept on thermostatted metal bases and ex- 
posed for an hour to a breeze of 1-1:'5 mp.h. The 
films of pure cetyl, stearyl and beheny! alcohols were 
also tested under similar conditions. The reduction 
of percentage evaporation was calculated from the 
loas of water in the two dishes, and the resultes are 
plotted the temperature (Fig. 1). 

It was found that, for the normal alcohols, the re- 
duction in water evaporation increases with the 
chain-length in the temperature-range studied, and 
the efficacy of the O, to ©,,-alcohola increases 
steadily with the decrease in temperature. How- 
ever, at lower temperatures, for the C,,-aloohol the 
curve tends to flatten whereas that for C,,-alcohol 
ahows a decrease in evaporation resistance. This 
behaviour of the O- and Cy,-compounds may be 
attributed to the difficulty of their spreading a low 
temperatures. 

That the higher homologues of similar compounds 
with lower melting pointa show less difficulty in 
spreadmg is also borne out by the corresponding 
curves (Fig. 1) for the R—OEtOH products. In these, 
although the reduction of evaporation changes gener- 
ally in the same way as that for the alcohols, it is 
greater and more persistent and there is scarcely any 
flattening of the curve except for O,,-OEt0OH, 
which is surprisingly flat over the range of tempera- 
tures studied, indicating that the efficacy remains 
nearly the same throughout. An equimolar mixture 
of O,-OBtOH and 0,,OEtOH shows reduction 
of evaporation mtermediate between that of the two, 
as is also obeerved for similar alcohol mixtures. 
However, the efficacy of this film tends to be better 
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than that of either component alone at lower tem- 


A evaporimeter 
kept m an open field d 
varying wind velocities (8-12 
Here also C,,-OEtOH and O,,-OEtOH 
consistently gave better reduction of evaporation 
than cetyl aloohol by at least 30 per cent in summer 
as well as in winter, and this was corroborated by 
experiments at various temperatures. 
The R—OEtOH films were also much more durable 
than the R—OH fihns, in that the effect of the former 
lasted for a period of about seven days in contrast to 
a day or so of the aloohols. 
It may therefore be cancluded that: (i) the 
eee Secunds se Opener suppression of 
eva ion should be made keeping in view 
boi conditions the ambient tare- 
range ; (ii) R—OCH ,CH,OH or R—(OCH,0H,),—_OH 
types of are better ion. retarders 
than either cetyl or stearyl alcohols ; and (iii) the 
C,,-OEBtOH in colder season (~ 10-20° O.) and either 
O,,-OEtOH or ita mixture with the former, during 


tion and use of the 
. The results 


reported. elsewhere 
We acknowledge the given by Dr. L. G. Shah 
in the synthesis of the various compounds. 
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Character of the Ligands in Dibenzene 
Chromium ` 


Temes Des ben cones discussion concerning 
the molecular symmetry of dibenzene chromium, 
(C,H,),Cr (refs. 1 and 2). Theoretical considerations 

the 


absorption spectrum of ie. 
was incompatible with six-fold symmetry and 

posed molecular symmetry Dg. hea aA 
the same investigators’. changed their interpretation 
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complexes I have undertaken a refmement of the 
ore severe eee The outlines of the 
structure had already been determined by Weiss and 
Fischer’. These authors found the com) 
cubic with ocell edge a = 9-67 + 0-08 


Asaming molecular symmetry Da,- they 

C—O of 1:38 + 0-054. and Or—C of 
nemat T ie E 

My refinement is based on three-dimensional X-ray 
Patonin dete WEN were Out by a I. Lind- 
Testi Mr. R. D. Rosenstem st the Chamical 
al ee Coney o Uone PTa The 
the 


P ee a 


the temperature 
e Baier wo feel justi- 


ag a was a bye and the 

Pray A te The mole- 

cular symmetry of (0,H,),Cr, however, was found to 
diffetent from- 


by the space group. standard 
aviation in the OO bond distances i 0014 the 


the distances of the carbon atoms to the mean ring 

are 0-008 A. with an e.s.d. of 0-007A. The 

d angles C—C—C are 118-8° + 1° and 121-0° + 
1°, the distances Cr—O 2-185 + 0-010 A. and 2-182 
0-010 A. ively, which is somewhat shorter 
than has been for ohromium arene cer- 
bonyis. The distance of Cr to the mean ring plane 
is 1-618 + 0:007 Å. 

In low-angle difference syntheses! the hydrogen 
atoms are clearly visible at the expected distances of 
the ring atoms. High-angle difference syntheses show 
the thermal motion to be 6, corresponding 
to a libration of the rings about bees (Old aria 


but not to free or almost free rotation", 
The root mean square ampli of the 
libration is approximately 7 lesa than in 
benzene at —8°O. (ref. io. ' This libration causes 


an apperent shortening of the C—O bond distances 
of the order of 0-010 A. and of the Or—O distances 
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of 0-006A.; the bond angles and the planarrty of 
the rings remain unchanged. As stated, the aniso- 
tropy of the thermal movement has not yet been 
taken mto account in my structure refinement. 

The corrected O—C distances in dibenzene chrom- 
ium of 1-45 and 1:36 À. are significantly different 
from the distance 1:397 Å. found in free benzene. 
They correspond more closely to the distances found 
for pure single and pure double bonds between carbon 
atoms with ap’ hybridization, which have average 
values of 1:46 and 1-34A. ively!*. This 
mdicates that little or no delocalization of bonding 
electrons takes place within the ligands of (O,H,),Or. 
The cation (C,H,),Cr+, on the other hand, possesses 
one electron leas than the neutral molecule ; electron 
spin resonance measurements have shown the un- 
paired electron to be distributed over the whole ion". 
This, in rte turn, may lead to delocalization of the 
bonding electrons within the rings and henoe to six- 
fold symmetry of the ion. The chemical implications 
of the above hypotheses will be described elsewhere. 

I wish to thank Dr. I. Lindqvist and Mr. R. D. 
Rosenstein for givmg me their X-ray and 
intensity estimations, to Dr. D. W. Smita for adapt- 
ing his refinement programmes for the electranic 
computer Zebra to the case of cubic symmetry, and 
to Mr. H. Schurer for performmg most of the calcula- 
tions on the Zebra. 

F. JHLLINEEK 
Anorganisch-chemisch Laboratorium, 
Rijksunrversiteit, Gronmgen. July 15. 
meg aaa iladlocemistey”, 1, 85 C a ence in fnoanis Chem bam: 
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BIOCHEMISTRY 


Amino-acid Sequence about the Reactive 
Serine of a Proteolytic Enzyme from Bacillus 
subtilis 


AN increasing number of hydrolytio enzymes have 
been reported to be inhibited by dissopropylphosphoro- 
filuondate. Where the resulting dissopropylphospho- 
enzyme has been investigated, the phosphate was 
isolated in the form of phosphoserine peptides and 
the amino-acid sequence about the reactive serine 
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has been determined in several cases. Trypain' 
chymotrypsin’, elastase’.* and thrombm' have the 
sequence Gly.Asp.Ser.Gly., while horse liver ah 
esterase? and peeudocholinesterase’ have Gly.Glu.Ber.- 
Als.Gly. The proteolytic enzyme subtilsin was 
isolated from a strain of B. subtilis by Guntelberg 
and Ottesen’* and they recorded its mhibition -by 
dusopropylphosphorofiuoridate, while Matsubara! 
obtained a phospho-peptide from strain N* but 
did not report any sequence. The present cam- 
munication deals with an investigation of the enzyme 
from Novo Terapeutisk Laboratorium known as 
‘bacterial trypain’, which is simular to, but distinguiah- 
able from, the original subtilisin. 

A sample was treated with ditsopropylphoephoro- 
fluoridate labelled with phosphorus-32 at pH 7-4 and a 
partial acid hydrolysate was subjected to 1onophoreais 
on Whatman No. 52 paper at pH 3-5 in parallel with 
similarly treated chymotrypein and liver ali esterase 
(sample kindly provided by Dr. E. C. Webb). The 
radioautograph of the ionogram showed that serine 
phosphate occurred in all three; but the pattern of 
phospho-peptides from bactemal protease was en- 
tirely different from that obtained from either chymo- 
trypsin* or liver ali esterase and therefore there must 
be a different sequence about the labelled site. 
Repetition of the hydrolysis of samples of dito- 
propylphoepho-enzyme, under the same bonditions, 
gave markedly different proportions of the bands 
within the pattern. The proportions were also 
affected by subsequent air oxidation and thio- 
glycolic acid reduction, and some individual bands 
were found to be interconvertable by oxidation or 
reduction. This suggested that there was, near the 
labelled serine, an amino-acid which could undergo 
reversible air oxidation. It seamed probable that 
this was methionine, which can be readily oxidized 
to the sulphoxide". The ditsopropylphospho-enzyme 
was therefore oxidized with performio acid to convert 
any methionine into the stable sulphone, and a 
simplified, reproducible pattern waa obtained on 
hydrolysis. This pattern, which is also obtained 
if the ' previous hydrolysates were oxidized with 
performio acid prior to ionophoresis, is shown in 
Fig. 1 together with those from diisopropylphospho- 
-ohymotrypein and disopropylphospho-liver ~ali 
esterase. 

The interrelationshipa of these oxidized bands 
(numbered in diagram) were determined by study of 
ther behaviour to partial acid hydrolysis and Edman 
degradation! and their chromatographic and electro- 
phoretio mobilities. Additional information about 
the N-terminal residue was obtained by treating the 
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Table 1 
Products of | Mam radioactive Bffect of 
h product of Hdmen sodium 
Peptide ( 4 degradation periodate* 
SerP) 
1 1 PO a 
z 2 Ber? + 
3. 1 and 3 1 + 
& 1 PO, Š 
6 1, 2, 3 and 5 5 + 





* + imliet that the de moved faster after treatment; 


Pendent: Dabiy a larger tide the stracture of whioh has not 
1s pro a no 
yot been determined. as 


peptide with sodium. periodate solution and observing 
whether the electrophoretic movement at pH 3-5 
was affected. N-terminal serine and threonine residues 
should be oxidized to give a gtyoxylic acid residue by 
loss of ammonia and formaldehyde or acetaldehyde, 
respectively4 ; so that the radioactive peptide would 
lose the terminal amino-group and should therefore 
move faster towards the anode. The resulta are 
summarized in Table 1. 

A larger sample (50 mgm.) was then treated with 
ditsopropy|phosphorofiuoridate labelled with phos- 
phorus-82, oxidized with performic acid, hydrolysed 
and. the radioactive peptides isolated by paper iono- 
phoresis after removal of the neutral and basic 
tides on a column of “Dowex 50’. The amino-acid 
composition of each of these, after total hydrolysis, 

*was determined on paper and is presented in Table 2. 


Table 2 
Peptide Thr Ser Met 80, Ala Asp @u Gly 
1 - xxx x x - xx tr ir 
2 XXX XXX - ~ tr tr ir 
3 XXX XXX xxx _ x x x 
5 tr xxx xx xxx tr ir tr 
6 XXX XXX xxx xxx tr ~ -~ 


Contammation by non- acidic peptides 


It is interesting that the sequence about the 
reactive serine in this is totally different 
from those determined for other ditsopropylphospho- 
enzymes. They bad in cammon an acidic amino-acid, 
the serine and small neutral aliphatic residue. Com- 
paring subtilisin with chymotrypsin, trypsin, elastase 
and thrombin, which are all endo-peptidases with 
sonal specificities, it would appear that the 
sequence immediately about the serine is not re- 
le for the unusual reactivity towards ditso- 
propylphosphorofluoridate which results in the inhibi- 
tion of the proteolytic activity. Some other grouping, 
possibly including histidme**, which is spatially close 


Thr. SerP.Met.Ala. 
ees J 4 
1—2 — 
——— 3 — 
m 5 — 
w 6 — 


Fig. % Interrelationships of peptides. BerP indicates O-phospho- 
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due to folding of the chain, probably activates the 
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PHYSIOLOGY 


Effect of Testicular}Hyaluronidase on the 
Permeability of Human Arterial Tissue 


Tua action of testicular hyaluronidase on acid 
mucopolysaccharides isolated from human aortic . 
tissue was established in previous work from this 
laboratory}. The present mvestigation was undér- 
taken with the purpose of studying the effect of 
testicular hyaluronidase on the permeability of arterial 
tissue membranes. 

For determination of the tissue permeability, 
measurements were made of the diffusion coefficients 
of glucose for the membrane. The coefficient determ- 
inations were performed on three samples of the 
human aorta and three samples of the pulmonary 
artery, before and after the application of a solution 
of testicular hyaluronidase to the tissue, using the 
procedure of Johnson and Kirk. After seperation 
of the adventitia, intimamedia membrane samples 
of appropriate thickness were p: . 50 ml. ofa 
solution, consisting of 1 vol. 5 per cent glucose and 
4 vol. Krebs’s phosphate buffer, pH 7-1, were placed 
in the donor compartment of the diffusion apparatus, 
and 50 ml. of buffer solution in the recipient compart- 
ment. Two l-hr. diffusion periods were first allowed 
to establiah the ility of the untreated 
membrane. Following `this, the solutions were 
removed from the diffusion ap tus and the mem- 
brane and compartments ri with buffer solution. 
5 mi. of a solution of testicular hyaluronidase (Alidase, 
Searle) in 0-05 N acetate buffer, pH 6-0 (30 viscosity 
units/ml.), were then introduced in both sides of the 
apparatus and were left in contact with the mem- 
brane for 2hr. The membrane and the oom ents 
were again rinsed with buffer solution, glucose— 
buffer solution and buffer solution placed in the 
donor and recipient compartments. Diffusion co- 
efficient measurements were then made in two 
l-hr. periods. All experiments were carried out 
at 37° PO. 30-45 min. were allowed to elapse 
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before each set of diffusion periods to permit penetra- 
tion of glucose through the membrane. 

The glucose analyses were performed in duplicate 
by the colorimetric method of Nelson?, using the 
reagents described by Somogyi‘. A Beckman DU 
spectrophotometer was employed for the oolori- 
metrio determinations. 

The resulta of the te are presented in 
Table 1. It will be seen thet a definite increase in the 
permeability of the arterial tissue to glucose was 
observed in four of the six experiments, whereas in 
two experiments no significant change was noted. 

The diffusion coefficients observed for glucose for 
human arterial tiasue in the present work before 
treatment with hyaluronidase are of the same order 
of magnitude as the values reported by Kirk and 
Laursen’ for aortic tissue. The higher average 
values found in the second period following treatment 
with hyaluronidase may be due to a continued action 
of hyaluronidase in the tissue membrane. 


Jencen Marzrn* 
Division of Gerontology, 
Washington University, 


Hoari Association Research Fellow. Present address : 
Medical Darat Am Untversity Hospital, Copenhagen, Denmark. 
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"Nelson, N., J. Biol, Ohem., 153, 375 (1044). 
‘Somogyl, M., J. Biol, Chem., 196, 19 (1052). 
* Kirk, J. L, and Lauren, T. J. 8.. J. Gerontol, 10, 288 (1965). 


Electro-shock Seizure Threshold of 
Metacorticoid Hypertensive Rats 


Tr has been shown! that chronic administration of 
deoxyoorticosterone acetate decreases brain excitabil- 
ity and potentiates anticonvulsant drugs, and that 
this effect is correlated with increased plasma and 
decreased brain intracellular sodium concentrations. 
In contrast, adrenal imsufflaiency produces the 
opposite effects’. Similarly, deoxyoorticosterone 
acetate is known to be a relatively potent anesthetic 
steroids. 

Deaxycortioosterone sostate also produces, in the 
presence of dietary sodium, hypertensive cardio- 
vascular disease and disturbances in mineral appetite. 
After the cessation of chronic administration of 
deoxycorticosterone acetate to rate, a metacortiooid 
state ensues in which these alterations persist’,*. 
It is felt that this hypertensive disease is mediated at 
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least in part by increased arteriolar intracellular 
sodium?,’. It was of interest to determine whether 
the decreased brain excitability also persisted in 
metacortiooid rate. 

Systolic blood pressures! and electro-shock seixure 
threeholds" were determined in 15 male 
Dawley rats and in 30 similar rate that had previously 
received a subcutaneous implant of 20 mgm. deoxy- 
corticosterone acetate and 1 per ent saline ea drinking 
fluid for 8 months*. Both groups were being main- 
tained on water, however, when blood pressure 
and electro seizure thresholds were determined. 
The electro-shook seizure threahold refers to the con- 
vulsive threshold to a 60 counta per seo. current, 
delivered by corneal electrodes for 0-2 sec., that does 
not vary more than 1 m.amp. in 8 consecutive trials 
at least 48 hr. apart. Tho metacorticoid rata were 
found to have a mean electro-shock seizure threshold 
(35 m.amp.) that was not significantly different from 
that of the control rate (83 m.amp.), although their 
mean blood preasure (169 mm. mercury) was signifi- 
cantly elevated from control levels (129 mm.). 

Tf the mechanism of electro-shock seizure threshold 
elevation by deoxycorticosterone acetate involves de- 
creased brain intracellular sodium, and the mechan- 
ism of blood-pressure elevation by deoxycorticosterone 
acetate involve increased arteriolar -intracellular 
sodium, then perhaps the former is reversible while 
the latter is not. 

F. M. ȘTURTNVANT* o 
Smith Kline and French Laboratories, 
Philadelphia, 1, Pa. 
ba address gh en ne Mead Jonnen ana 
2 Davenport, V., Amer. J. Physiol., 186, 322 (1040). 
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* Thntras, P., W D., and Goodman, L., J. Pharmacol, Exp. 
Therap., 119, 80 (1064). 
' Selyo, HL, Proa: Bee Bey. Biol. Med., 48, 116 (1941). 
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RADIOBIOLOGY 


Delayed ‘Primary’ Effects in Chara 
vulgaris L. subjected to X-Rays 

‘Priany’ or ‘non-localized’ effects in the form of 
ol ing of metaphase chromosomes or the sticking 
AR of sister chromatids in cells that complete 
mitosis shortly after irradiation during the period 
when mitotic frequency is decreasing have already 
been described by numerous in tore, 

Study of the restoration process in the freshwater 
alga Chara vulgaris L. {n =e 14) on X-radiation has 
shown that the effects referred to as primary could 
still occur long after irradiation, although re-eatablish- 
ment of the normal structure had already been 
achieved. 

Irradiation was performed with unfiltered X-rays 
delivered by a Machlett 4.2.G. 50 berylliam-window 
X-ray tube operated at 40 kV. peak and 25 m.amp. 
The dose-rate at the target distance employed 
(12 om.) was 14,000 r./min., measured in air. The 
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algae were irradiated under 5 mm. of tap water. 
The irradiation time ranged from 85 sec. (20,000 r.) to 
28 min. (80,000 r.). After irradiation, the algae were 
put back in their normal culture conditions : filtered 
water from their place of origin, photo-period 16 hr., 
illumination 1,000 lux, temperature 20 + 2°C. 

In these conditions we observed for the most part 
that plante the telomes of which were treated with 
20,000 r., 40,000 r. and 80,000 r., kept growing and 
formed whorls of phyloids having atypical morpho- 
logy. Among these, however, a sudden restoration of 
the normal structure may occur after a series of 
8-4 abnormal whorls. This process occurred about 
5 weeks after irradiation. (A detailed study of the 
modalities of this process and survival and growth of 
irradiated algae will be published elsewhere.) 

The mitosis of somatic cells in recovered whorls 
and of spermatogenous threads in antheridia borne 
by the former were investigated after fixing m modi- 
fled Carnoy’s fluid and staining with the Schiff 
reagent (F ‘a method). This has shown 4 
difference in the behaviour of nuclear divisions in 
these two cellular categories. 

Whereas in the somatic cells the mitotic cycle is 
normal, without any appearance of chromosomic 
aberrations, on the contrary diverse mitotic disturb- 
ances were observed im the oells of the antheridial 
filaments. These differences are summarized in 
Table 1. 


“Table 1. Mrrorio ABERRATION FREQUENCINS IN SFERMATOONNOUS 
TREADS oF Chare 


Ans 


Stunting (metaphase) (Fig. 1) 
Stickiness (ans ) 

saps apa 

Pyonosis 





They are for the most part aberrations referred to 
as the usual ‘primary’, ‘physiological’ or ‘non- 
localized’ effects. The sister chromatid fusion results 
in bridge formation at anaphase. 

The nuclei of the sperm mother cells resulting fram 
these divisions also show different structural changes. 
With reference to Delay’s work! an normal spermato- 
genesis in Ohara vulgaris, the principal ow ag 
abnormalities have oocurred, especially in irradia 
plants at 80,000 r.: (1) Central ohromocentrè ring, 
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in the spermatozoids., 8 fogenons 
n 
dind of Ghee whan (x'3,88) 


dumb-bell, filament shaped; (2) nuolear swelling or 
uneven contour of the nuclear membrane ; (8) varia- 
tion in nuclear volume; (4) nuclear fragmentation 
and pyonotic micronuolei. 

Several degenerative processes occur in the sperm- 
atozoids : central vacuolization along the main axis 
and pyonosis (Fig. 2). 

It is of interest to observe that aberrations referred 
to as primary effects can still appear at least 5 
weeks foll irradiation, after a minimum number 
of 12 mitoses between the irradiated apical cell and 
the antheridium initium, without the least mitotic 
damage being observed during the last nine divisions. 

‘Thos it seems that these aberrations are bound 
with the metaboliam of the nucleic acids in the course 
of spermatogenesis, whether this involves a depoly- 
merization of deoxyribonucleic acid, as Darlington? 
and Taylor at al.* suggest, or partial dissociation of 
the nucleoproteins and damage to their organization 
pattern, as proposed by Kaufman’. 

These mjuries due to X-rays are latent. The 
factor by means of which these injuries oan be re- 
vealed is probably the very important hetero- 
if ei i EE euchromocentrio nuclei in 

e antheridi duri i is. 

Moutechen and Dahman? have stated thet. hetero- 
chromatin depolymerization and ocoalescence were 
emphasized by direct irradiation of the antheridia of 
Ohara vulgaris. Moreover, some of the abnormal 
direct irradiation are the same as those described here. 

Effects referred to as primary are not limited 
to cells which complete mitosis immediately after 
irradiation ; they oan also occur in an organism long 
after X-ray treatment when the morphogenesis of 
the latter has again become normal. They can 
probably be transmitted by normal mitotio divisions 
and be revealed suddenly by a, normal modification 
onan acid metabolian in the nuclei hetero- 

matinization process i i esis in 
Ohara eilai, P during spermiogen 
C. M. Quer 


* Delay, O., Rew. Oyi. Biol, vágd., $1, 3—4, 315 (1049). . 
* Soe, avonetion m Carlson, J. G., and Harrington, N. G., Red. Ras., 


* Moatecben, J., and Dahmen, M., Ree. Opt, Biol. sip, 17, 3—4, 483 
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Fertility of Mice treated with 
‘ Phosphorus-32 

i radioisotopes became available, many papers 
have been "published concerning their clinical use as 
well ea ther potential hermful effecta. One of these 
agents, phosphorus-32, is now occasionally being used 
in non-malignant conditions ; consequently an effect 
which may be irrelevant in a cancer patient may 
become important in a young person who is likely to 
survive for some years; for example, the effect on 
the gonads. Previous knowledge on the subject is 
somewhat confusing'*, and no functional test has 
is nation A Donn paripa qnt eae 

The experiments reported here were carried out in 
BALB mice of both sexes, 14-5 months old at the 
time of injection: Doses of phospharus-32 ranging 
from 16 to 208 po. were given, and 
the animals were mated with normal ones, previously 
checked for fertility, at periods of 1-8} months after 
the administration of the agent. 8-12 months after 
treatment all the animals were killed and their 
ovaries and testes studied. 

Tables 1 and 2 show the results obtained. 40 po. 
seemed to be the threshold dose inducing sterility 
in all the females, since 6 of them so treated and mated 
with normal males revealed no pregnancy during 
8—5 months of observation. With larger dases no 
Pregnancies were encountered either, although the 
animals were kept under observation durmg peri 

to 12 months. Males, however, were fi e even 

recei the dose administered, namely, 
205 uo., which killed 5 out of 8 animals of this group. 
Since they were observed during periods ranging from 
3 to'12 months, it seems safe to conclude that no 
dose short of the lethal one is capable of Inducing 

ity in males, whereas females become asterilo 
with doses much below the lethal ones (approximately 
one-third ZD50) and probably similar to those used 
in therapeutics. -- 
BALB FULE Niu TREATED WITH PHOSPHOKUS-82 


Table 1. 

















Ovaries and testes showed patterns generally in 
t with the obeervations of Bloom! and 
Odeblad?. However, no reappearance of the pearl 
formation in the ovaries, as described by Warren et al.*, 
has been seen even 150 days after treatment. The re- 
sults reported here seem to indicate that there is a real 
absence of oogenesis with doses of 40 po. and not a 
decreased frequency as observed histologically by 
Warren ¢-al. naing- mnok: : larget. dobes: (250. and 
2,000 uc.). 
We are indebted to Fundaleu (Fundacion pare 


combetir. la leucemia), which partly supports the- 
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Seccion Lodeamia Experimental, the 
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Sons, Argentina 8.A., 
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ANATOMY © - © 


Pattern of Hzmopolesis in the Fetal ~*~ 
Liver E cals 

WHILE the mmportence of the hemo ietic role of » 
the fetal liver is univ remarkably 
little precise information is available about the 

cytology of this organ during the course 
of development. The recent mterest in techniques 
for the transfusion of suspensions of human ftal 
liver, as a source of hæmopoietio stem-cells, has, 
however, made rt desirable to study more fally the 
processes of fostal blood formation. 

We are investigating the development of the blood * 
and blood-forming tissues in the human embryo and 
fœtus, using quantitative methods wherever possible. 
In 35 footuses, obtained by hysterotomy between; the 
second and seventh months of pregnancy, tho livers - 
have been examined both in sections and.in smears. 

The composition of the hamopoietic cell population 
of the liver differs in a striking fashion from that of 
the bone-marrow (Fig. 1), and it would appear that 
the pattern of hsmopoiesis in the two situations is 
fundamentally different. Whereas the cytology: of 
the bone-marrow suggests active erythropoiesis and - 
grenulopoiesis from the inception of the hemopoietic 
process, that of the liver indicates an overwhelmingly 
erythropoietic pattern of hmsmopoiesis and we can 
find no evidence of granulopoiesis. The occasional ° 
granulocytes which are observed in ‘liver Prepare. 
tions are in all probability derived mainly: 
blood. Bridges e al. admmistered a suspension of 
foetal liver to a suffering from pancytopenia, 
and afterwards dante E ig tng pe er caer Age i 
It is poæible, therefore, t the liver does in fact 
contain myeloblaste, which sn sttu fail to differentiate 
into granulocytes because of local lic condi- 
tions but which do so on reaching an appropriate 
environment. The liver certainly contains a’ few 
cells which we would confidently label myelo blasta 
if we saw them in the bone-marrow. 

The liver and “bene mamow alae diis an thelr 
lymphocyte content. Although no evidence of lympho- 
cytopoiesis can be found in even the earliest bone- 
marrow, about one quarter of its nucleated cella are 
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fostal liver and bone marrow. 
TemopoteHo oas, af foal liver ang 


previously described in the bone-marrow of the 
guinea pig by Eee In the liver, on the other hand, 
very few lymphocytes are seen and these, like the 

in, this situation, are probably derived 
from the blood. 

The of lymphocytes in the fostal liver, in 
which cell proliferation is extremely active, is diffloult 
to reconcile with the view of Andreasen? and others, 
that lymphocytes are somehow mitotic adjuvants. 

Furthermore, it seems unlikely that the lympho- 
cytes of the bone marrow are concerned in antibody 
ET of which there is little evidence in early 

life. It would appear, therefore, that the lympho- 
gyte pol population which is such a conspicuous feature 
bone marrow—and presumably an indispensable 
a a ces ta a tages GF dee 
velopment—must subserve æ non-immunological 
function. The abundance of ‘transitional’ cells in 
fostal marrow accords with the conclusion of Yoffey*, 
that at least some of the small lymphocytes serve as 
iet1o stem-cells in the marrow. Hsamopoiesis 
in the fatal liver is quite unlike that in the bone 
marrow, for not only 18 it mainly erythropoietic, as has 
beet noted already, but also the hæmopoistio stem- 
cell in this situation appears to be radically different 
from that m the marrow. 

Aovording to the widely accepted view of Maximow*, 
it is re by the undifferentiated mesenchymal 
cells are trapped among the hepatic oc 
88 De grow into the septum transversum. 
observations have failed to eee any pines ta m 
support of this view. On the contrary, when 
mesenchyrhe occurs independently of hepatic tra- 
beculs, it contains very few differentiating hemo- 
pores: sella i somparison Wb. te lev Although 
occasional hamocytoblasts and a variety of other 
immature hmmopoiectio cells are sean intravascularly, 
in which situation they may undergo mitosis, the 
overwhelming majority of: hemocytoblasts and 
differentiating erythroid colls is extravascular, being 


NATURE 


877 


found in the substance of the hepatic trabeculæ in 
intimate relationship with the liver cells. Here cells 
intermediate in appearance between hwmocytoblasta 
and early liver cells are observed im profusion and a 
lete morphological the two, 
oan ‘be readily ayn We aro, therefore, in- 
Fie Cad mane to REE ea E 

Toldt and Zuckerkandl*, that the hepatic hæmo- 
oytoblasta are derived not from the mesenchyme but 


human yolk-sac. 
This work will be reported in detail elsewhere. 
D. Beywauon THOMAS 
P. M. Rossen. 
J. M. Yorny 


Department of Anatomy, 
The ee 


Sohlman, yet more eR Ty 
*Yoffey, J. H., “Quantitative Cellular Haematology” (Chas. O 
Thomas Co., Springfield, Ill, 1960) 
). 


3 Naxtmow, A., Arol. mir, aH 73, 444 (1800 
B, Sitsungeber. d. X. Akad. d. Wise, Wun, 


B. J. and Hamilton, W. J., J. Anat. (Lond), 76, 9 (1041). 
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Recapture in the River Tweed of a - 
Sea-trout marked In Devonshire 


Durme the winter of 1959-60 a number of see- 
trout (Salmo truia L.) kelts were tagged at the 
experimental fiah trap installed by the Mmistry of 
Agriculture, Fisheries and Food im the River Axe 
at Colyford, south Devon. 

One of these fish, on October 29, 1959, 
was recaptured on July 21 (266 days after liberation) 
in the estuary of the River Tweed, Northumberland, 
at the Yardford fishery situated about four miles 
from the mouth of the river. 

The minimum distance travelled from the pomt 
of tagging to the point of r , via the Strarts 
of Dover, is approximately 580 mules and via the 
Irish See is approximately 1,130 miles. 

In addition to this recapture, a number of other 
sea-trout keks similarly tagged at the trap last 
winter have been reca in the Rivers Otter (1), 
Exe (1), Tegn (4), Erme (1) and Taw (1). In the 
last case, the minumum distance travelled waa 244 
miles in 174 days. Two of the fah caught in the 
Teign were taken in freah water several miles above 
the tideway but the others were taken in the estusries 
of the various rivers. The extent of the migrations 
of sea-trout in the sea are almost entirely unknown 
and these observations suggest that they are more 
extensive than has hitherto been supposed. 

A. Swarm 
I. R. H. ALLAN 
M. J. BULLE 


Salmon and Freshwater Fisheries Laboratory, 


PERE ea Fisheries and Food, 
London, 8.W.1. 
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ta ai Hybrids of. Tilapia : 
T. nlgra x T. zili.. 


ita ag eoii of aby (ea ta: ths 
tropics of Tilapia in particular) as farm animals 
has stimulated interest in the breeding of new and 
useful strains. In Malacca, Hickling! hybridized 
two hioal stocks of Tapia mossambica 
Peters to produce both a faster strain as well 
as a ekewod sex ratio in favour of males, the latter 
greatly simplifymg the monosex oulture technique 
of Brown and van Someren’. Hybrids have now been 
reported. between T. ntlotica (Linné) and T. galilaea 
(Artédi)*, but their value for flah culture has not yet 
been assessed. Field observations led Lowe to 
`~ suspect hybridization of the former with T. nigra 
(Gtinther) and T. esoulenta Graham in Uganda‘. 

The species involved m these crosses are female 
mouth-brooders. Although ali show a basic similarity 
in breeding pattern, quite distinct from that of male 
mouth-brooders or substratum-spawners (as defined 
by Lowe’), interspeaiflo differences, especially in 
courtahip and male breeding coloration, have been 
considered important barriers to natural hybridiza- 
tion. It is therefore of great interest to record hybrids 
between the mouth-brooder T. nigra and the sub- 
stratum-spawner T. silii Gervais. It is difficult to 
imagine two more disaimilar species of Tilapia. They 
show striking differences, not only in breeding patterns 
but also in anatomy, behaviour and feeding habita. 

Hybrids were found in a flooded rice paddy on the 
Tebgre rice irrigation soheme in Kenya which had 
beeh stocked with T'. nigra, but into which two male 
T. stl had entry. Similar hybrids were also 
found in Naivasha, Kenya, which had been 
stocked with both species. The hybrids were recog- 
` nized if the field principally by coloration: dark 
body-ahape the hybrids conformed to T. nigra; 
and the iridescent blue sheen of T. silii; light, 
pearly green spots on the body and on dorsal, anal 
and caudal fms; no trace of the crimson flush on the 
chest found in breeding T. silii, and no dorsal 
‘Tilapia-mark’; and six or seven dark vertioal bars 
on thé body (absent in large T. nigra). 
body-shape the hybrids conformed to T. nigra; 
however, in all but one case the mouths were notice- 
ably smaller. The Tebere hybrids also exhibited a 
> ‘gasping’ behaviour (protrusion of the mouth) and 
. tended to erect dorsal and anal fins when handled, 
à behaviour found in.T', siii but rare in T'. nigra. 

In most- ‘ayjatomical _ characters the hybrids re- 

sembled T. nigra, but (except in one case) 
specimens lacked "the enlarged snout (elongation of 
the horizontal ramus of the premarxilla) associated 
with that species. Premaxilla, maxilla, dentary. and 
‘articular’ were slightly shorter than in T. nigra, 
but less robust than those of T. sihis. Otherwise 
neurocranial, branchiocranial and pectoral elements, 
very different in the two species, were in the hybrids 
within the range of proportions found in T. 
Jaw and pharyngeal dentition resembled that of 
T. nigra, although simplifloation of the outer jaw 
teeth ap to have been retarded shkghtly. Some 
hybrids the three anal spines of T. sill4s, while 
others had four anal spines (found in 10-20 per cent 
se aston ony of T. nigra). Five anal spines, 
the in T. nigra, occurred in 11 per oent of the 
Tebere hybrids. 

Since female hybrids were not recognized in the 
feld, but afterwards when post-mortem colour 
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changes had eradicated the hybrid coloration, and 
since the few female found-had either four or five 
anal spines, it is possible that:female T. nigra were 
included in the samples. In most cases testea were 


well developed, and breeding occurred in ponds. 


stocked with three- and four-spmed males and five- 
spmed females. No three-spined progeny were 
produced and the fry resembled T. nigra in all respects, 
including coloration. The cross male T. silii x 
female T. nigra has been repeated at the Inland 
Fishery Research Station at Sagana in Kenya, and a 
brooding female was found after six weeks. The 
resulta of the reverse cross are not known. F 

Although the hybrids appear to be fertile, a akewed 
sex ratio may occur. Alternatively, spine-counta may 
facilitate the determination of the sex of small fishes. 
The production of a sterile or predominantly male 
weed-eating hybrid seems at present unlikely, only 
four hybrids having apparently fed on higher plante as 
does T. silii. 

These results will be reported more fully derbe. 


P. J. WEHIINASAD 


Ministry of Forest Development, 
Game and Fisheries, ~- : -~ 
Kenya. BEY Sige T e 
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Occurrence of Pyrosoma on [the Continental 
Slope 


Hurley and McKnight! have reported that the” 


pelagic tunicate Pyrosoma atlanitourn atlantioum rests 
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on or swims just above the sea-floor at a depth of ` 


160-170 metres. Indirect observations made on this 
species-in the course of a line- fishing survey of the 
fishes of the south-eastern Australian continental 
slope" corroborate the concentration of this species 
near the sea-floor and extend the habitat to the floor 
of the continental slope. 

While fishing off the east coast of Tasmania during 
June 1954—July 1955, 1,141 specimens of Hypero- 
gyphe porosa  (Riohardaon) , 


fish were found to oe gia eae a 
Pyrosoma, their stomachs often being crammed fall 
with the teste of this i Of 863 stomachs 
containing food 86 per-cent contamed the testa of 
large colonies of Pyrosoma. Fish having Pyrosoma 
in their stomachs were taken on hooks set 3-48 m. 
from the floor of the continental slope. Since fish 
were never taken until the fishing gear was 


bottom it is assumed that Pyrosoma were available at : 


these depths. This would seam to be confirmed by the 
observations of Hurley and Mo t. With one 
exception, all fishing operations were oatried out 
during the hours of daylight, -the “incidence of 
Pyrosoma in the stomachs showing no signifloant 
variation throughout the day. Only 5 fish were taken 
at night and these had empty stomachs. 

Thompson’ recorded occurrences of Pyrosoma from: 
Tasmanian-waters at all seasons of the year and at all 
depths examined (0-500 m.) and was unable to dis- 


cern any particular season of maximum occurrence.” 
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From an examination of the stomach oontents of 
Hyper aff the- east cogst of Tasmania in 
June, July, and October 1954, and in 
January, March, May and July 1955, it was apparent 
that the incidence of Pyrosoma in the stomachs was 
at its maximum during the months of January and 
March. “No other food organism became dominant 
at any ‘time, so the incidence of Pyrosoma in the 
stomachs may reflect the seasonal abundance of the 
tunicate, though it could poasibly reflect seasonal 
variation in the feeding intensity of the fish. 

The specimens of Pyrosoma were identified by 
Mrs. M. Mather of the Zoology Department, Univer- 
sity of Queensland. 

T. R. CowPmn 


Division of Fisheries and Oceanography, 
Commonwealth Scientific and Industrial 


i Hurley, D. H., and MoKnight, D. G., Nature, 183, 4860 (1960). 
B. and Downie, R. J., O.SLB.O., Aust. Div. Fih. 
Esp. No. 6 (1987) 


1 Thompson, Harold, Tuntoates of Australia” (Common- 
-wealth Counall Beien and Research, 5 ’ 
” , Melbourne, 1948). 
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‘Dex’ or ‘Order of Magnitude’ ? 

Tus phrase ‘order of magnitude’ is in constant use. 
It has at least two different m . In astronomy 
the magnitude of star A exceeds that of star B by 
unity if the amount of radiation (meesured visually, 
-photographically or bolometrically) reaching en 
observer or instrument on the Earth in & given time 
from 4 is 10+‘ or 0:3981 times that from B. In 


` other sciences 4 is said to exceed B by an order of 


. Il dex ‘of birds.” 


“magnitude if it is tan times as large. To take an 
example, Lowy! wrote, ‘Thus, in the tonio anterior 
byssus retractor of Mytilus, the decay of tension can 
be two orders of itude slower than that of the 
active state”. I take it that this means that the time 
needed for the tension to fall to a given fraction of its 
initial value after tonic contraction can be 100 times 
greater than the corresponding time after active 
contraction. 

There is a shorter and more precise word to express 
such a comparison. This is the word ‘dex’, for 
‘decimal exponent’, due to Allen**. _He defines it 
as follows. “Dex converts the number before it 
into its 10-based antilogarithm. The term can be 
used for e typographically convenient method of 
- expressing large numbers, as in the example 10% = 
89 dex. It-oan also be used to introduce verbal 
simplicity mto statements on probable errors, ranges, 
and variations.” He gives, among others, the example 
“The . frequency range: of useful radio-astronomy 
observations is 8:3 dex”. _ 

I suggest that outeide astronomy ‘dex’ can always 
be substituted, for ‘order of magnitude’ with advan- 
tage. I give a few examples from biology. “The 

range of weights of vertebrates is 10 dex, that of 
weichte’ oF birda onty 4 dex.” “A man consists of 
about 14 dex of cells.” ‘The ratio of length to breadth 
in a nerve fibre can exceed 6 dex.” ‘There are about 
‘The coefficient of variation of 
linear ditnensions of unworn mammalian teeth rarely 
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exceeds 0-05 dex.” “The human ear has & 
range of about 3-5 dex {1 octave = 0-301 dex) but the 
of tones used in musio is only 2-1 dex.” 

It can also be used with advantage in the social 
sciences, for example, ‘There are 8-6 dex of human 
beings in India, and about 8 dex of adult males. The 
range of incomes certainly exceeds 3 dex and may 


exceed 4”. 

Biologists will have to learn to think rapidly in 
terms of large numbers, as Sarowa. anaia, 
astronomers, and geologists do already; and even in 
the oase of amall numbers, the use of the word ‘dex’ 
may be an aid to precision of thought. I venture to 
hope that it may also be taken over from the termino- 
logy of astrophysics into other non-biological sciences. 
I am trying to use it systematically in lectures in this 


Institute. 
J. B. 8. HALDANE 
Indian Statistical Institute, 
Caloutta, 85. 
1 Lowy, J., Natere, 184, 1445 (1960). 
t Allen, O. W., Obesrsatory, 71, 157 (1951). 
* Allen, O W., “Astrophysioal Quantities” (London, 19565). 


-PSYCHOLOGY 


Effects of Medial Temporal Lesions on 
Taste Preference In the Monkey 


Moxxnys with lesions in the medial portions of 
the anterior temporal lobes (the amygdala and pyn- 
form cortex) tend to show Ler changes in their 
responses to events that, pre-operatively, served as 
rewards or punishments. For example, it has been 
claimed that animals tend to be unafraid of snakes and 
strange people, to mount inanimate objects, to ingest 
a host of objects that were unacceptable pre-opera- 
tively. According to one descriptive generalization! 
monkeys are still motivated by reward and punish- 
ment, but the classes of events that are rewardmg or 
punishing alter. In order to examine this view more 
specifically and also to rule out the possibility that 
the changes in reward—punishment classification occur 
simply because of changes in sensory capacity, the 
following experiments were undertaken. 

Prior to operation saccharine preference curves 
for ten monkeys were détermined. Each animal was 

given daily teste with one drinking dish oe 
Cinta water and die othot ons Gon 
sodium in one of four concentrations (1-0, oso Ge 0-05, 
0-017 per cent). The actual concentration given on 
any day and the positions of the two dishes were 
randomized. Once a week both dishes contained 

THis procedure lasted five weeks, so that a reason- 
ably stable preference curve for each animal could 
be determined. inp monkeys showed an 
aversion for the 1 per cent concentration and a 
moderate preference for the 0-017 per oent concentrs- 
tion, with a clear and strong preference for the middle 
two concentrations. Throughout the entire experi- 
ment, monkeys were provided with i 
quantities of their standard diet of diet 41 lab chow, 
with vitamin O added. 

In addition, with. six of the monkeys, abaolute 
thresholds for saccharine were determined using a 


to lick up 5 drops of a solution placed upon a piece of 
aluminium foil clamped to the top of a small iron 


880 : 
cylinder. Until the anımal made the licking response, 
the cylinder was held firmly in place ‘by means of an 
activated electromagnet placed directly beneath it. 
If the solution was distilled water, the animal could 
then lift the cylinder within 10 seo. following the 
licking hel aa and obtain a amall piece of apple 
placed within it. If the solution was a saccharine 
solution, the animal was rewarded directly by the 
experimenter (who was situated behind a one-way 

vision soreen) if he did not lift the oup for at least 
` 10 seo. following the licking response. By systematic- 

varying the concentration of saccharine, the 
pomt at which a weak concentration could no langer 
be discriminated from water was determined. The 
aluminium foil was renewed on each trial and an 
interval of 1 min. was inserted between all trials to 
allow for adaptation. An opaque screen was lowered 
between. trials so that the animal could not see the 
solution being on the foil. The fact that 
thresholds were obtained indicates that the animals 
were not using extraneous cues in making their 


responses. 

After these testa had been carried out, six of the, 
monkeys were given bilateral medial temporal 
leaons, three were given partial striate oortex 
lesions, and one was given an anterior frontal lesion. 
All threshold and preference testa were then repeated, 
beginning one week tively. 

The resulta dicated that the absolute threshold 
for saccharine was not detectably altered in the six 
medial temporal monkeys. The average threshold 
was of the order of 0-008 per cent pre-operatively and 
post-operatively. Preference for saccharine, however, 
underwent a clear change in the medial temporal 
group as indicated in Figs. 1 and 3. The stronger 
concentrations became much more preferred than they 
had been pre-operatively. The weak concentrations 
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did not change. In the striate control group, if there 
was any trend, it was in the opposite direction. «(The 
data for frontal monkeys are not included in thee 
graphs. As has been found m earher studies, for 
example, ref. 2, they fell between the medial temporal 
and control group results.) Of the sıx medial temporal 
animals, ee a 
strongest solution ; all three striate monkeys showed 
a alight decrease. Associated with the increase in 
preference for strong saccharine was, in some cases, & 
large increase in fluid intake for those solutions. 
One monkey, for example, consumed an average of 
3,550 0.0. a day of the 0:25 per cent a pee 
the 


weak ooncentrations, however, and on water versus 
water, there was no change in the total fluid intake, 
indicating that a simple diabetes insipidus will not 
account for the results. 

The resulte confirm, threfore, the view that medial 
temporal lesions change preferences—and. thereby 
the relative strength of trare without changing 
the sensory capacity to discriminate the rewards. 
The experiments also incidentally point out the 
inadequacy of measuring changes in taste threshold 
in animals by means of preference, as is frequently 
done. 

The preference resulta are unexpected in their 
direction. It was predicted, from groes observations, 
that the monkeys would become more in 
that is, tend to ahow no clear preference between 
saccharine and water. Instead, they became virtu- 
ally saccharine ‘addicte’, especially for strong oon- 
centrations. Further work is therefore necessary to 
determine whether medial temporal monkeys prefer 
any strong testing substance or whether the change is 
specific to the dimension of sweetness. There is some 
evidence that the former alternative is likely. 

L. WHISKRANTS 

Psychological Laboratory, 

University of Cambridge. 

1 Wewskrentz. L., J. Comp. Phyetol Prychol., 40, 881 (1956). 


* Welskrants, L., and Wilson, jun., Wm. A., J. Comp. Physiol, Psychol., 
B1, 167 (1058). 
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; the Crowther Report was 


ded that i more o information about eduoation oud be 
obtained and made available : ‘‘... attention will have 
to be paid to the inadequasy of the tools that lie to the 
hand of the educational planner ... There are the 
moet extraordinary gaps in our knowledge of what 
goea on in the schools and technical colleges we 
have today ...”. This is sharply brought out in 
Vol. 2 of the Crowther Committee’s Repart, which 
has now been issued*. 

Before preparing ita Report, the Committee was 
required to consider the work of technical colleges, 
the teenager m employment or industrial training, in 
the youth service and at leisure. The members always 
had to remember that two sexes were involved, each 
presentmg ita own educational and social problems ; 
and although little was known about the way 
educational and industrial and social pressures 
influenced boys, even leas was known about their 
effects on girls. 

‘What the Commuttee had not expected was that the 
factual evidence on which it could consider its 
forms of reference could be so meagre . . . “the 
“information was sometimes lacking both to gauge the 
task or estimate the harvest. For instance, though an 
appreciable expansion in the output of students 
through the technical college courses was accepted as a 
major aim in publio policy on which economic health 
on the long term depended, little was known 
nationally in 1956 about the circumstances in which 
students succeeded or, more often, failed, and how 
many years of study success or failure had cost them”. 

To help the Committee in ita deliberations, special 
surveys were arranged with respect to the relation 
between home background and length of school life, 
of the progress of students through technioal courses, 
the usé of leisure, and the reserves of latent ability. 

It is unfortunate that these three surveys could not 
have been published at the same time as the Report. 
They show both how alender was the evidenod on 
which the Cammittee’s sweeping recommendations 
were based and, more important, how much 40-Galled’ 
educational progress is based upon popularand . 
sometimes passing—public opinion of a particular age. 

In these surveys, for example, there is little or. no 
evidence to support the Oommittee’s major 
to raise the echool-leaving age for all children to% 
sixteen. Accepting that “the attitude of the school. 
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Crowther Committee in suggestung that al children 
should be kept in school until they are sixteen years 
of age. Thus, of the secondary modern boys and girls 
who had fairly recently left school and who were 
asked if they would have liked to stay longer, only 
16 per cent of the boys and 23 per cent of the girls 
had regretted leaving school when they did. 

A similar queation was put to a group of National 
Servioemen, and despite their greater maturity and 
time for reflexion, only about one man in six who 
had left school at fifteen had afterwards wished 
that he had not left so early. Of thoee who had 
wished that they had remained in school longer, the 
investigators report that four-fifths of them realize 
that now, with better education, their chances of 
getting better jobe would be considerably improved. 
The investigators did not determine whether these 
young men of eighteen were seeking to remedy the 
defects in their education or whether they had the 
capacity to profit by it. Their wistful desire for more 
education may have been more bound up with the 
fruits of better jobs than with the effort required to 
attain them. 

The Government’s decision to make no firm fore- 
casts about the date on which the school-leaving age 
w to be raised was largely based on financial and 
economics arguments. Before a great step of this 
nature is taken, it could well spend a little money to 
dig deep for information which has only been 
scratched in these surveys. Many well-informed 
people believe that ıt is educationally and morally 
wrong to compel all young adolescents to continue a 
formal education which many of them find irksome 
and restrictive, and which might well contribute leas 
to their social and educational development than 
would a planned period of vocational training in 
industry supported by continued education of both a 
vocational and recreational nature. 

If educational reformers are genuime in their desire 
to bring the greatest educational good to the greatest 
number, ‘they. should first accept that more than their 

~ own wishes and éxperience is needed before advocating 


78 ‘reform’ . which could well bring misery and 


a to iy vorna Pa Evidence bas been 
““aboumulating- that young people (and especially girls) 
~of fifteen to-day are as mature as young people of 
sixteen and seventeen of 25 years ago. In terms of 
- biological and psychological age, may not the 1044 
‘goal of raising the achool-leaving age to sixteen have 
already been reached ? More information about the 
wishes and feelings of young people is required. 

For a number of years much has been made about 
the ill-effecta of too much money on young wage- 
earners. Little real investigation has been carried out 
to determine the truth of this charge. The majority of 
young delinquents come from boys and girls still at 
school. Why ? Which types of schoole—grammar, or 
modern, or comprehensive ? Also, from which classes 


* 


_time in fruitless endeavour.” 


8f4 
Sn she poh A stream or-D stream ? Is there 
direct correlation between the delinquents and the 
types of homes from‘which they come? Doctors, 
well join parents and’ teachers in providing much 
useful information about the needs of young adoles- 
cente. 86, too, will the investigation being carried out 


“by the University of Sheffield into transition between 


school.and work: Before the precedent is set of com- 
pelling all young people to remain at school until 
they are sixteen—at present those who stay on at 
grammar, technical or modern school do so because 
they wish—tnuch educational research is needed into 
the biological and psychological and social require- 
menta of young people and how they can best be met. 
The case for more research to support educational 
thinking is also brought out in the third survey con- 
ducted on behalf of the Crowther Committee. This 
was undertaken to establish the broad facta about the 
efficiency of education contmued by part-time day 
release clasges. For some years investigators whose 
contacts with industry have been superficial have 
raised considerable dust about the wastefulness of 
City and Guilds and National Certificate courses. 
Ther standards were set almost entirely by the 
number of studentas who began courses and the 
numbers who obtained Final Oity and Guilds and 
Higher National Certifloates. (See also the article 
by Dr. J. Heywood in Nature of July 16, p. 189.) 
The survey now shows that since National 
Certificate courses were begun in 1928 some 18,028 
Ordinary National Oertificates have been awarded, 
about a third of these going to studenta who left 
school ab the minimum statutory age. ‘Neither 
should the wastefulneas of the process be exaggerated. 
The shedding has taken place pretty steadily along 
the route, and it is not a fact that all those who have 
not reached the end of the road have wasted many 
hundreds of hours of their own and ther teacher’s 
Those who have 
regarded the process as utterly wasteful have insisted 
that more attention be paid to selection, and that 
teachers in technical institutions should join industrial 
management m making the selection of mdustrial 
apprentices and others. This report makes it clear 
that much more than stringent selection at the outset 


1s required. “The course itself is a kind of selective . 


process, and all that may be hoped of a more atrmgent 
and deliberate process is that it would be somewhat, 
but not a great deal more efficient.” 

This report will remind many educationiste of the 
Education Act of 1944. Against the advice of almost 
every educational psychologist, a tripartite. system 
of secondary education was set up with rigid selection 
at the age of eleven. Although administratively 
convenient, the folly of the tripartite system has 
become only too evident m the last fifteen years. 
It is to be hoped that future reforms will be based 
much more on facta patiently gathered by careful 
investigation rather than by well-meaning mtentions 
to do good. It is time the social reformer was replaced 
by the social engineer, who uses facta as a basis for 
change. ee er 
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DESIGNING FOR SPACE TRAVEL. . 


Soviet Space Science 

By Ari Shternfeld. Translated” By the United States ` 
Air Force (Technical Documenta Liaison Offo). 
Pp. xxii+3861. (London: Hutchinson and ' Co. 
(Publishers), Ltd., 1059.) 80s. net. ` - 


Spare Technolo be 
ited by Prof. Howard 8. Seifert. Pp. xvi+1160. 
(New York: John Wiley and Sons, Inc.; London: 
Chapman and Hall, Ltd., 1959.) 180s. net. 


|B gestae the most dramatic engineering develop- 
ment of the past few years has been the demon- 


stration of the practicability of flighta in the solar 
system at least by unmanned vehicles. The develop- 
ment of this technique has received a substantial 
impetus from motives as diverse as a recognition of 
a new, powerful tool for astronomical observations 
and the desire for pre-emimence in human space- 
travel for political reasons. Space technology is in 
consequence rapidly building up a literature to 
which the two volumes forming the subject of this 
review represent substantial additions. Since ultim- 
ately they emanate one from each of the two nations 


‘most concerned with these developments it might 


De mopponod theg they Tonia provilo sn reine 
but a comparison is vitiated by the fact 
Get shey aira ah quite aiictens rosdi: Moreover, 
“Soviet Space Science” draws information from 
sources on a wide international beais 3 
anything, a bias towards American work in the 


detailed and nan- mathematical, and at times unduly 
repetitive. Iè is evidently aimed at a non-technical 
reader since extensive use is made of tables and 


diagrams rather than gra chapters 
are concerned with the face ae oe and physiological 
problems of manned space flight, the scientiflo uses 
of satellites and space probes, the problems of tele- 
metry and communication, and landing. In these 
sections the author is content to skim over the 
surface of hia subject ; ib ıs noticeable that no effort 
is made here, unlike the opening chapters, to expound 
the basio principles. Moreover, few references are 
made to the direction of future technological advances, 
even where their direction can be clearly discovered. 

Particular exception can be taken to the account of 
experimental space science, which is very shallow, 
and whare the language employed is often imprecise. 
(For example, the expreasion ‘‘the voltage ‘of the 
current” is used.) There is not a large number of 
misprints in the book, and it is unfortunate that they 
should largely occur among the numerics in this 
section, where they are particularly liable to mislead. 

There are two appendixes, dealing respectively 
with astronautical societies and the mternational 
law of space, an epilogue by Willy Ley, which brings 
the account of vehicles lamched up to Lunik I and a 
` “Space Technology”, which deals primarily with 


-the engineering of guided rockets for orbital missions, 


is based on &@ series of lectures delivered during 
1958 at the University. of California by a total of 
88 different lecturers. The editor, Prof. Howard 8. 
Seifert, has handled with considerable succers the 
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problem of reducing to a reasonably uniform style 
and level contributions from such a large number of 
authors. 

The book opens with a brief mtroduction of a 
‘historical and astronomical character, which is 
followed by an extensive account of the motion of 

wered and vehicles in gravitational 

. Approximate methods of calculation, such as 
‘bation techniques, are described for the many- 
problems which are encountered, leading to the 
solution of design optimization problems. The topi 
covered in this way include ballistic missile trajec- 
tories, Earth satellite orbits and lunar and inter- 
ee ee ee ee 
near the beginning and end of the flight). These ars 
followed by an account of the use of low-thrust 
motors, such as those employing positive-ion jet or 
nuclear fuels, to expand Earth satellite orbite for 
interp travel. After a chapter on relativistic 
time dilatation effects, this section concludes with 
a description of methods of soft landing. It will be 
~seen that this part of the book is both detailed and 
aa ing The explanation of some of the most 
eee ee ens 
in the Karth—-Moon system, is excellent and 
brings out very clearly the principles involved. 
Similarly the limitations of varidus propulsion systems 
for different missions are 

The subsequent i 
and deal with propulsion (using both chemical and 
*nuolear fuels), rocket system design procedures, com- 
munications, guidance, and the physiological aspects 
of manned flight. The lagb section -is rather briefly 
concerned with the upper atmosphere and the gcienti- 
fic uses of satellites. Finally, there is, even for the 
enthumastic reader, an examination peper of 102 
questions | 

In conclusion, it oan be said that “Space Tecb- 
nology” gives an excellent account of the methods 
employed to select optimum orbits. The description 
of motors and gui systems provides a good 
background to this subject and an introduction to 
ite technological aspects. A certain amount of 
encountered, in planetary atmospheres, for example, 
and on the performance which can be expected from 
human beings in & space ship, is also presented. 
Most of this is rather general in character, and these 
sections suffer from a rather low density of hard facts. 

In ive, both the books which are the sub- 
ject of this review can be seen as descriptions, at quite 
different levels, of the dynamics of space vehicles 
together with an account which is given in breadth 
rather than depth of the associated technology and 
eae physica. Hach in its way oan be recom- 
men. 


A SOURCE-BOOK OF 
SEMICONDUCTOR PHYSICS 


Semiconductors 

By Dr. R. A. Smith. Pp. xvii+404. 

At the University Preas, 1959.) 65s. net. 
EMICONDUCTOR physics has become a vast 
field of research and development over the past 

decade. Any text on the subject must of necessity 

be selective, but in the present volume the author has 

presented those topics which are of fundamental 
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interest and moreover'has eee aritical discussion. , 
at all stages. This is particularly important for those 
who may use the book as an mtroduction to the 
theoretical aspects of phenomena with which they, are 
concerned experimentally. It is perhaps not often 
realized that a semiconductor cannot always be 
distinguished by a negative temperature coefficient 
of resistance, as is pointed out im the first chapter. 
Here oan be found a reference to other problems of 
early work in the fleld which were only resolved by the 
uction of single crystal specimens of high purity, 
the careful distinction between volume and surface 
effect on physical properties, and by recognition of 
the decisive part played by rated defects and 
impurities. In introducing the essential wave-mechan- 
ical besis of semioonductor physics, Dr. Smith is 
careful to carry the reader forward to more complex 
configurations than simple spherical energy-surfaces 
in wave vector-space, and to indicate the important 
experimental approach obtained in cyclotron reson- 
ance. In treating crystal binding some brevity has 
obviously been necessary, but one cannot help 
wishing that the problem of mixed binding and 
methods of assessment had been afforded 
more discussion. In reading the section on excitons 
the reader must not forget that in the case of some 
high-band-gap materials, such as cadmium sulphide, 
the existence of excitons is not satisfactorily proved. 
Many of the phenomena associated with semi- 
conductors occur under conditions of thermal 
i or with very small departures from it. 
It is not therefore ising that a significant fraction 
of the text is devoted to energy distributions of 
electron and positive holes, to transport phenomens 
and to the very important matter of scattering 
mechanisms for carriers. This part of the book is very 
up to date; for example, a discussion of recent 
work on hot’ electrons, that is to say, oarrier be- 
haviour in high electric fields, is included. There is 
also a very adequate treatment of thermomagnetio 
effects not always found in texts on solid-state physics. 
Much information on semiconductors te from 
a study of optical properties such as the position and 
straoture of the lattice absorption edge. The author 


he draws on powerful data obtamed by his own 
research team, am others. Within the electro- 
optical phenomena discussed none is perhaps more 


important than the release of carriers by photon 


absorption, which manifests itself in photoon- 


- ductivity, the photovoltaic effect and the photo- 


electromagnetic effect. These are described briefly at 
first, but elaborated later in the book when a treatment 
of carrier diffusion has been given which provides a 
more complete and easential background for dis- 
cussion. In the latter section we find the p-n junction, 
the problems of contact and surface conditions and . 
the mechanisms of carrier injection and recombin- 
ation. 

For many experimmentelists it will be a pleasure to 
find that after many pages of theoretical treatment 
Dr. Smith anchors it all by a oritical review of the 
experimental methods available for the determination 
of the many eters which have previously 
emerged in the ie His chapter on such methods 
effectively jafeodaoa ‘the survey of practical semi- 
conductors cof various types, particularly germanium, 
gilioon, intermetallic compounds and, from his 
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particular interests in the pape arp sulphide, selenide 
and telluride of lead. The la is a useful inolusion, 
although @ more complete account has been given 
previously by the author and some of his oo-workers. 
High-band-gap semiconductors may appear to have 
been neglected, but data for them are ao i lete 
and still moonclusive compared with those for such 
solids as germanium and silicon. 

This book makes an important and oritioal oon- 
tribution to the subject which is based on the author’s 
personal experience as leader of one of the most 
important research teams of to-day in samiconductor 
physics. It will be an excellent ‘source-book’ for many 
workers in this and olosely related fields, and will 
certainly satisfy an important need in postgraduate 
university courses of solid state pe 

J. GARLICK 


SOLID STATE PHYSICS 


Solid State Physics 
Advances in Research and Applications. 


Vol. 7. Pp. xiv-+525; 1058. 13 dollars. 
Vol. 8. Pp. xiv-+619; 1959. 18.60 dollars. 
Vol. 9. Pp. xv+648; 1959. 14.50 dollars. 


Vol. 10. Pp. xv+516; 1960. 14.50 dollars. Series 
edited by Frederick Seitz and David Turnbull. 
(New York: Academic r eae London : 
Academic Pross, Inc. (Landon), Ltd.) 


Param netic Resonance In aa 

By William Low. (Solid State Physics: Advanoes 
in Reasearch and Applications, Supplement 3.) 
Pp. viii+212. (New York: Aoademio Press, Inc. ; 
London: Aoademio Preas, Inc. (London), Ltd., 
1960.) 7.50 dollars. 


HE contributions to the volumes of ‘‘Solid State 

Physios’’ under review maintain the high stand- 
ards of scholarship and readability set by previous 
writers in the series. Research workers in the fleld 
have come to rely so much on “Solid State Physica’, 
both as an invaluable source for ther own work and 
as a kind of lifebuoy to keep them afloat in the flood 
waters of the literature, that one wanders how the 
subject maintamed any kind of unity before the series 
was started. Perhaps it did not; and per even 
now individuals read only articles bearing directly 
on their tenth (or hundredth) of the fleld. If this is 
so, the best service a reviewer oan do 18 indicate 
the nature of the topice discussed. 

There are three major articles on electrons in, metals. 
J. Callaway, in “Electron Energy Bands in Solids” 
(Volume 7), describes first the general properties of 
bands (with special reference to symmetry and the 
use of oritical points) and then gives a complete 

of existing experimental and theoretical 
results. It is all very oarefully dane and it is apparent 
that the calculations are now sufficiently sound for 
experiments to constitute a genuine test of theoretical 
assumptions about core potentials. The oscillatory 
dependence of etic susceptibility and electrical 
conductivity on nie magnetic field is considered by 
A. H. Kahn and H. P. R. Frederikse in Volume 9. 
These phenomena are now very effective tools far 
investigating electron ban i the shape 
of the Fermi surface. There is a fine, 200-page article 
by the late M. R. Schafroth on superoonductivity in 
Volume 10. Half the article is phenomenological 
and half is microscopic; it constitutes the best 
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available account of the exciting progress in this field 
since 1950. The author's exposition of Bogoliubov’s 
version of the theory is specially lucid and convinsing. 
In spite of the present inability to explain the vanish- 
ing reaistanoe (which gives the phenomenon its name) 
and the still controversial explanation of the Meisener 
effect, the other phenomena, are now so well explained 
that one must surely accept Schafroth’s conclusion : 
we are very close to a final theory of supercon- 
ductivity. 

The next group of articles is concerned with lattice 
properties of solids. A. F. Wells, with characteristic 
clarity and excellent illustrations, describes and 
classifies inorganic structures in Volume 7. 
This is done not from the formal basis of symmetry, 
bat rather from a more friendly and mtuitive 
‘topological’ point of view which asks how crystals can 
be built up from given elamentary unite of bonds and 
nets. Also m Volume 7 is a long and useful review 
by H. B. Huntington giving theory, experimental 
methods and results concerning the elastic constants 
of crystals. Among many other topics, the author 
discusses Laval’s question: “Should local rotations 
and torques be considered in forming the elastic 
tensor ?” The verdiot is ‘not proven’. D. Lasarus 
in Volume 10 gives a full and satisfying account of 
diffusion in metals. In Volume 7, P. G. Klemens 
contributes an article on tho difficult subject of 
lattice thermal conductivity. An attractive feature 
of the paper is the way in which the author describes 
how the measurement of thermal conduotivity can bee 
used, at least as a supporting technique, in the study 
of arystal defects: dislocations, stacking faults and 
grain boundaries. 

Defects and inhomogeneities in orystals are dis- 
cussed m three further papers. There is a long 
article on the stracture and properties of grain 
boundaries by 8. Amelinckx and W. Dekeyser in 
Volume 8. This succeeds well in tying together the 
modern theoretical work which treseta grain boundaries 
as arrays of dislocations and the extensive experi- 
mental findings, structural and kinetic. Certain 
aspects of the contmuum theory of stationary disloca- 
tions are developed further by R. de Wit in Volume 
10 than they were taken by Exshelby in an earlier 
volume of ‘“‘Solid State Physics”. In curious contrast 
to the state of affairs 100 years ago, it seems that one 
now discusses elasticity with the help of electro- 
magnetiam. A. Guinier writes in Volume 9 on 
“Heterogeneities in Solid Solution’. The artiole 
naturally deals with the Guinier—Preston precipite- 
tion-xones in aluminium-—copper alloys, but includes 
much more, such as a section on short-range order in 
solid solutions in ibrium. 

The editorial po of providing detailed surveys 
of important groups of semiconductors is continued 
here with three contributions. W. W. Scanlon writes 
in Volume 9 on a little-known group of polar semi- 
conductors: lead sulphide, lead selenide and lead 
telluride. The important feature of these materials 
is that whereas they enjoy NaCl-type binding and 
structure, their energy gap is sufficiently small to 
allow the electrical properties to be investigated 
easily. They thus form more useful test materials 
for the theorist than alkali halides. A detailed 
account of electronic proceases in zino oxide is pro- 
vided by G. Heland, 1. Mollwo and F. Stockmann 
in Volume 8, and in the same volume R. Newman 
and W. W. Tyler review photocondustivity im 
germanium. The latter authors emphasize the 
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usefulness of germanium—the intrmsic properties 
and impurity levels of which are well understood—as a 
model for theories of photocondustivity. Consequently 
their artiole is much more than a collection of resulta. 

In Volume 10, B. 8. Gourary and F. J. Adrian present 
an elaborate socount of the work on wave functions 
for electron-excess colour dentres in alkali halides. 
This 1s one of four articles on the optical py 
of solids. Two of them are on the relatively new fleld 
of molecular spectroscopy in molecular orystals 
(for example, benzene, anthracene) and cover virtu- 
ally the same ground. I found the artiole by H. C. 
Wolf in Volume 9 more coherent and enlightening and 
pe E ee ee E a 
topic by D. 8. MoLure (Volume 8). However, the 
latter ert “has provided us with an excellent 
account of the spectra of ions in crystals (Volume 9), 
where, of course, the symmetry properties of crystal- 
line fields are of vital importance. 

The articles mentioned above contribute to well- 
established branches of solid state physics. Rather 
more exciting to the novelty seeker are a group of 
three reviews describing applications of the techniques 
of nuclear physics to problems of the solid state. 
Perhaps the best known of these topics is the use of 
thermal neutrons to investigate vibrational spectra, 
discussed in workman-like manner by L. S. Kothari 
and K. 8. Smgwi (Volume 8). More esoterio is the 


B. Novey in Volume 9. The idea is that 
in the time between successive nuclear emissions, 
local nuclear motion may perturb the intermediate 
nucleus. The information obtained ig similar to 
that found by studying spin-lattice interactions by 
nuclear io resonance. Although the technique 
is clearly far lees flexible and general than that of 
nuclear magnetic resonance, it may be useful in some 
cases because, first, no radio-frequency feld is needed 
and, secondly, it oan be made to work with about 
10* nuclei cm. as compared with the nuclear 
magnetic reeanance requirement of 10" nuclei am.. 
Perhaps the main lesson to be learnt from D. R. 
Wallace’s account of position annihilation in solids 
and liquids (Volume 10) is that this phenomenon is 
less a tool than a challenging problem in ita own 
right—one that is far from exhausted. 

New resulta on surfaces are expounded by J. A. 
Becker in Volume 7. They have been obtained by 
the ingenious use of ion gauges and field emission 
microscopy. It is remarkable that Miller’s recent 
extension of the latter technique, in which ions are 
used. instead of electrons to form the image, permits 
surface pictures which, at least in some respecte, 
show the surface on an atomio scale. 

I was specially attracted by a delightful article by 
D.J. ee. (Volume 9) on one of the oldest, 
yet least understood, in physics: the static 
electrification of solids. ooie conosaling none of the 
essential complexity of the problem the author has 
been bold enough to describe a simple rational 
scheme based on electron transfer from the bulk of 
the solid (thereby ignoring specific surfkoe effects) 
which seams to give a ‘sero order’ socount of the main 
phenomena. Teachers who dabble in the catakin 
and amber branch of witchoraft will read this artiole 
. with pleasure and : 

In addition to main volumes described above, 
there is a second ‘supplement’ consisting of a mano- 
graph on paramagnetic resonance in solids by W. 
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- will be indebted to 
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Low. Although moet- of the material oan be found 
in three well-known reviews published elsewhere, 
this ıs the first connected sccount of the whole 
subject since the early 1950’s. It is admirably 
done, and will clearly become a theoretical handbook 
for workers in the field. R. o. Davies ` 


_ CHEMICAL ° ENGINEERING 
- PRACTICE 


Chemical Engineering Practice 

Edited by Herbert W. Cremer and Sidney B. Watkins. 
Vol. 11: Works Design, eto. Pp. vi+390+xviii. 
(London: Butterworths Scientific Publications ; 
New York: Academic Press, Inco., 1959.) 958.; 
13-80 dollars. 


Cee eee 
and im their general design and administration 
present problems which are to be found in all large 
. In this volume we are taken away from 
the specialized fleld of chemical plant design and are 
concerned with the more general topic of works 
construction and organization ; we are with 
the factory and ite problems rather than with the 
details of any 
This is a te We oes ETE PET 
works. We are brought face to face with the pro- 
blems of management of people, of the arrangement 
of contracta, and with planning and production and 
its impact on sales. The ies of the chemical 
industry, with ite frequent-demand for continuous 
working and the resulting problems for personnel, ite 
hazards arising from the toxic and inflammable 
neture of many of ita materials and processes—all 
these diffloulties are clearly indicated as part of the 
life of a chemical works. In the very long section 
on works admumistration Mr. Hiscock of the Consoli- 
dated Zinc Corporation, Lid., gives some 
for their solution. Those entering these industries 
are usually crammed with academic facta, but here 
ic S Ao AIET Ms adn cas ee 
will damand an entirely new It is not 
simply a question of learning the techniques of a given 
ay, it is a question of harmonizing the demands 
of a very wide range of people to form & happy com- 
munity. There must be an understanding of what 
constitutes incentive. “Work study does not replace 
ease the burden 
. “Method study presents facts; ıt 
does not make the decision. Whether to proceed 


roa msibility of management’. The impor- 
problems of work study m the chemical 
dets ae agreed ; but it is very useful 


to have the facta set out, and their limitations, ea in 
this text. 

The chemical industry in Britain, like other enter- 
prises, is governed by Factory Acts and other legisla- 
tion. Many in all itions in the chemical industry 

Siz Goo George Barnett for his most wel- 
come chapter on “Factory Acta and Legislation”. This 
chapter, together with that by Dr. Carter on “The 
Alkali Acta and Works Regulations’, should be read 
by all who contemplate entering this industry. 
We oan see from this text the kind of organization 
that must be developed if the problems of the chemi- 
cal i are to be tackled and inducements given 
for profitable working im the compeny. This is 
above all a record of experience, of personal observa- 
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tion and analysis. We oan learn from here something 
of the secret of ‘what makos a factory tick’. We 
can, learn from a body of men who have all teken an 
active part m developmg industries of this kmd. 
This is an excellent volume for which we should be 
grateful to Mr. Cremer and Mr. Watkins. 

J. M. Coursox 


SCIENCE AND MEAT 


The Science of Meat and Meat Products 
By Members of the Research Staff of the American 
Meat Institute Foundation. (Series of Books in 
Agricultural Science.) Pp. x-+488. (San Francisco 
and London: W. = Freeman and Company, 1960.) 
68s. 

HE growth of education in the subject which has 

come to be known as food science has been 
handicapped by a lack of suitable texts. For this 
reason the publication of “The Science of Meat and 
Meat Products” is an event of some importance. Yet 
the book is more than a text. As ita preface claims, 
it is no leas than an attempt ‘‘to present the current 
solentific knowledge on. meat and meat products, and 
to show how various scientific disciplines are applied 
in meat research.” 

In common with other foodstuffs, meat has 
attracted the attention of chemists, biochemists, 
nutritionists, microbiologists and others for more than 
half a century. The quickening tempo of research in 
recent years has both stimulated and been stimulated 
by the increasing industrial demand for fundamental 
information. The problem starte with the geneticist 
in breeding from the gene pools at his disposal the 
types of animal best suited for the varied purposes of 
ugo. It ends perhaps at the level of human nutrition ; 
but between the beginnmg and the end diverse 
scientific disciples have many parts to play. 

With this fleld to survey withm the compass of a 
modest 488 pages, the American Meat Institute 
Foundation has undertaken a substantial task It is 
inevitable that an individual reader will find some 
topics treated leas fully than he would have hked. 
Moreover, the various chapters were written by a 
panel of twenty-six authors, and some unsvenness of 
treatment would seam inescapable. That the reader 
is not unduly conscious of multiple authorship in the 
circumstances is a tribute to the editorial board. 
Formal references have been wisely avoided, but at 
the end of each chapter a carefully selected hst of 
source material is given to ease the path of those who 
would study further. The compression of factual 
information does not always make for easy reading, 
but the style throughout is lucid, and comprehension 
is aided by excellent illustrations. 

The neoesarty for keeping the book in proportion 
has cramped the writers of certain sections, and it is 
to be regretted that space has been devoted to topics 
such as Michaelis-Menten kmetics and the methods of 
protem chemistry which will be familiar to most of 
ita readers. The space saved by omittmg such material 
might have been devoted to the anatomy of meat 
animals and to a fuller treatment of the relations 
between carcase conformation and meat quality. 
The average butcher is a better anatomist than some 
scientists engaged in the study of meat. 

The mdexing of such a book presente peculiar 
problems, and the index, although good, is not com- 
prehensive and fails to list some of the important 
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items considered in the text. Few misprinte were 
noticed, apart from a very obvious one in the table of 
contents, but @ curious mistake in connexion with 
federal regulations governing the use of ascorbic 
acid was noted on p. 359. 

Notwithstanding these ariticiams, this book is an 
important work which may become a standard text. 
It is an essential purchase for food science libraries, 
and a laboratory copy m British meat-packing plants 
might well contribute to improvements in practice 
im our own industry. J. HAWTHORN 


BIOGRAPHY OF AUSTRALOPITHECUS 


Adventures with the Missing Link 

By Prof. Raymond A. Dart, with Dennis Craig. Pp. 
xv+3251+320 plates. (London: Hamish Hamilton, 
Ltd., 1959.) 25s. net. 


F. Dart has brought together many of his 
controversial theories in this book, which is 
pay vi dca wen but mamly a biography of 
story begins with the discovery 

ofc Tee infant in 1924 and ends with a footnote 
on Zinjanthropus added while the book was in the 


press. 

Nearly half the pages concern the ‘osteodonto- 
keratic culture’, which has been Dart’s main interest 
for 14 years. Only by provmg that the Australo- 
pithecines were tool-makers could he resolve thee 
interminable arguments as to their hominid or pangid 
status. Sceptica discredited the ‘culture’ as the work 
of bone-collecting hyenas, a myth which Dart took 
great trouble to disprove. His detailed analyms of 
ise ie ei from Makapansgat revealed that the 

majority were antelope mandibles and the distal 
a umeri. By comparmg these finds with a 
similar bone ‘industry’ from a Middle Stone Age site 
at Kalkbank, he became oonvinced that the 
Makapansgat specimens were artefacts. 

Whether one agrees with Dart’s conclusions or not, 
he cannot be accused of drawing on too Irttle evidence. 
The task of sorting thousands of tons of breocia, 
chisellmg out the bone fragmenta and identifying 
them must have been formidable. Nor did he neglect 
practical experiments, such as reproducing the 
famous cannon bone ‘apple-corers’ which necessitated 
striking over & riided blows with a bone fabricator. 
But to est that the Australopithecines went to 
such | to make scoops to convey pulped food . 
to the mouths of toothless infants is surely to over- 
estimate their technological skil—and our own 
credulity. 

Dart’s genius and persistence might be interpreted 
by some as impetuosity and obdurasy. He makes no 
attempt to conceal his faulte, of which the most 
serious ıs touchiness, He refused to study the 
Mapungubwe skeletons because ‘‘any report I might 
make on the remains would be as preju- 
diced” (p. 68); and would not interpret the endo- 
cranial casts from Sterkfontein because of Hooton’s 
remark that “e dispassionate interpretation of new 
fossil evidence is usually obtainable only ... 

persons not emotionally identified with the specmmen” 

86 

Peon of the causes which Dart took up with such 
enthusiasm found few : the Eastern origin 
of Rhodesian mining and stone building ; Mongoloid 
contacts with the Bushmen ; the flre-making abilities 
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of Australopitheous prometheus. But on several 
occasions he has been proved triumphantly right, 
notably over the tool-making capabilities of the 
Australopithecmes—im stone. His unorthodox views 
and his imagination, no leas than his discoveries, have 
had a most stimulating effect on anthropology. They 
are. very + in this most absorbing and readable 
book, which is marred only by the poor quality of the 
drawings. Soma Corm 


A NEW TREATISE ON PLANT 
PHYSIOLOGY 


Plant Pamas. 

A Treatise. ited by F. C. Steward. Vol. 2: 
Plants in Relation to Water and Solutes. Pp. 
xvii+-758. (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd 


1959.) 22 dollars. 
physiologists cannot complain of a shortage 
of literature i to provide up-to-date 


information of the state of knowledge of the various 
branches of the subject. As well as a number of 
monographs on different parts of the subject there 
has appeared each year for the past ten years the 
“Annual Review of Plant Physiology” which has 
given summaries of ‘recent advances in selected 
sinoi of plant physiology, while about four years 
the publication of the “Enoyal of Plant 
iology” began, about a third of its projected 18 
volumes having still to appear. Now we have the 
first volume of what is described as a treatise which is 
to oover the fleld of plant physiology in 
seven volumes. Although very aR smaller in 
sizo than the 'Enoyelopedia” this new venture 
will yet be a oonsiderable work when completed. 
How then is it to be appraised ? Aoocording to the 
preface of this first volume to appear, it is intended 
not only to be a work of reference but also to give 
“a reasoned analysis of the status and deve ant” 
of each subject disouseed, and the reeders for whom 
this analysis is intended are listed as “advanced and 
students, teachers, research workers and. 
investigators in other flelds of knowledge, who need 
information about the present state of physiology”. 
This first volume to appear consists of seven articles, 
et ee ee ae 
in the respective branches of the subject 
‘with which they deal. As is pointed out im the 
preface, each of these articles is affected by ita author’s 
own opinions. This should be borne m mind by the 
readér, for other workers in these same flelds might 


have other opinions. For example the reviewer,- 


who has had more than a casual interest in the salt 
iste paces gerd cells and tissues for nearly half a 
who was concerned in some degree 
sara earlier investigations on these relations, also 
has his own opinions, and it is clear that these do not 
always coincide with those expressed in the article 
on this subject in the volume under consideration. 
Works of this kind, well produced and well bound, 
extending to several volumes and composed of a 
greater or less number of articles written by different 
contributors, have become the fashion. Of their 
value to the student there can be no doubt, but what- 
ever their merits they have one character in common : 
they cost what seams to the reviewer quite a lot of 
money. This is no doubt unavoidable, but it probably 


NATURE 


889 


means that in Great Britain at any rate they find 
their way mainly into the libraries of universities 
and other institutions and that comparatively few 
are purchased by studente and teachers, who are not 
among the most opulent members of the community. 


‘If this should be so with the present volume it is to 


be as probably many plant physiologista 
SrpHIe hike dp Daves se ok her Ce ele 
Warren STiEs 


VITAMIN Biz , 
Vitamin Bia 


By Dr. E. Lester Smith. (Methuen’s Monographs on 
Biochemical Subjects.) Pp. xii+106. (Landon: 
Methuen and Co., Ltd.; New York: John Wiley and 
Sons, Ino., 1960.) 15s. net. 

TTAMIN B,, is unique in many ways. It took 

mote than twenty years from the time of the 
discovery in 1926 that liver cured pernicious anemia 
until the isolation m 1948 of the active principle, 
which we now know as vitamin B,,. The vitamin ie 
active in fantastically small quantities; the body 
needs something of the order of one millionth of a 
gram daily. This is about one thousandth of the 
requirements of some `of the other vitamins m the B 
groups. Vitamin B,, is the only vitamin which oon- 
tains a metal in its very complicated molecule. It 
seems to be synthesized only by micro-organisms, 
yet in our diets it exista virtually exclusively m foods 
of animal origin. Ita final isolation in 1948, almost 
simultaneously in the United States and in England, 
would no doubt have been even longer delayed but 
for the resources of the two large pharmaceutical 
companies which could work up one ton of liver to 
produce about 20 mgm. of red orystals. 

Dr. Lester Smith, the Glaxo chemist who was 
responsible for the isolation in England, has produced 
the first book devoted entirely to vitamin B,,. It is 
a short book, and this is probably the reason for the 
only serious criticism one can make of an otherwise 
excellent survey. Some of it is so condensed as to 
make it difficult to understand at first reading ; it 
becomes more of a reference book than a4 simple 
account of the subject. Of particular usefulness for 
reference is the description of the chemistry of 
vitamin B,, and its many relations ; this is splendidly 
done by the author, who himself has contributed 4 
good deal to its elucidation. On the other hand, a few 
errors and ambiguiti one of them at all serious— 
have crept into the description of the biological aspects 
of the vitamin. For example, the author cites the 
work of Morgan and Yudkin on the vitamin B sparing 
action of sorbitol, but this work in fact makes no 
reference to vitamin B,,. Again, how many readers 
know of the enzyme rhodanese? I have only one 
oriticiam 6f production: it is certainly difficult to 
print chemical formule so as to give the effect of 
three dimensions, but something better can be done 
than those given on pp. 36-87. 

This is a book that every- nutritionist will have to 
possess and use; and we shall look forward to new 
editions produced by Dr. Lester Smith to keep us up 
to date in the rapidly advancing knowledge in this 
field. I hope he will then be kind enough to indulge 
the prejudices of at least one reader, who believes 
that ‘human’ is an adjective and not a noun, and who 
also believes that there is a difference between the 
symptoms and the signs of an illness. 

Jous YUDKIN 
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l 
Advances In Clinical Chemistry 
Vol. 2. Edited by Harry Sobotka and C. P. Stewart. 
Pp. xili+3887. (New York: Academic Prees, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 
1959.) 12 dollars. 


WO of the articles m this volume are primarily 
concerned with methods (‘Paper Electrophore- 
sis” by H. Peeters and “Automation” by W. H. 
Marsh). The four others survey oertain selected 
biochemical fields. Dr. Peeters deals first with 
electrophoresis on strips and then with the leæ- 
familiar paper curtain electrophoresis. Factors 
underlying separations are examined im great detail 
and illustrated with many diagrams and tables. 
Much of the mformation is the author’s original 
work which has been presented at the annual oollo- 
quia on proteins at Bruges. Dr. Marsh’s article is 
timely im view of the increasing difficulties of obten- 
ing personnel to cope with growing demands in 
clinical chemical laboratories. Simple as well as 
complex apparatus and are described and 
the article will be of special interest to those in charge 
of clmical chemical work. S. P. Beasman surveys the 
history, metaboliam, measurement and pathological 
alteration of blood ammonis, and his article should 
stimulate mterest in a subject the significance of which 
is not as widely appreciated as it ought to be. “Iodo- 
patho Hypercalommia of Infancy” ia a well-written 
review by J. O. Forfar and 8. L. Thompsett, in which 
the clmical picture, biochemistry, mtiology and 
treatment of the disease, ia covered. However, this 
article would possibly be more appropriate in a medical 
book rather than in this volume. E.J. Bigwood and 
sesociates provide a most valuable survey of amino- 
acid excretion in health and disease. Much of the data 
18 quantitative and obtained by means of ian-exchange 
phy. Finally, ‘Bile Pigments in Jaun- 
dice” by Barbara H. Billing is an excellent account, 
including identification, chromatographic behaviour, 
methods of measurement and metaboliam of these 
substances. Altogether, this well-produced second 
volume is full of interest for clinical chemists. - 
R. Conspan 


Tralté Général de la Fabricatlon des Colles des 
Glutinants et Matléres d’Appréts 

Par Dr. Maurice de Keghel Nouvelle édition, 
augmentée et remise à jour. Pp. ii+764. (Paris: 
Gauthier-Villara, 1959.) 7,000 franca. 

HIS new edition does not appear to be any 

appreciable improvement on the original version. 
The ground to be covered by 4 single author— 
animal glue, vegetable adhesives, casein, synthetio 
resins, miicate adhesrves, rubber, eto., in some 
sections including both manufacture and use—is 80 
wide that full references to the sources of information 
are easential. No references are given throughout the 
book, the only indication of origin being a menu- 
facturer’s nalne for plant, and, very rarely, an author’s 
name, without detailed reference, for some experi- 
mental method. What basio scientific information is 
included is, m the main, unrelated to modern work. 
As an example, the conversion of collagen to gelatm 
is given as: 

Ores rea N s + H 10 = =æ Cieri ON 
This type of approach was already being superseded 
forty years ago when the equation was given in the 
text-books of that time. To-day it is not merely 
wrong, but also neglecta the whole development of the 
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ts of the chemistry of macromolecules of the 
past thirty 


years. - 

The descriptions of plant and of industrial processes 
also neglect many recent developments which have 
changed the position of whole sections of the adhesives 
industry. The very large number of recrpes for adhe- 
eves of various kmda are presanted unoritically, 
with no attempts to explam the mgnificance or 
function of the componenta used. 

Certain methods of test are moluded. These appear 
to be selected at random, no reference bemg made to 
the versions accepted by the national standardizing 
bodies. 

Neither for the manufacturer nor for the user of 
adhesives can this volume be said to serve a useful 
purpose, and leas-informed readers would be misled 
by its many omissions and out-of-date information. 

A. Q. Warp 


The Hollow Universe 

By Prof. Charles de Konmcok. (The Whidden 
Lectures, Series IV.) Pp. xit+137. (London: 
Oxford University Preas, 1960.) 12s. 6d. net. 


HE author of these lectures, now so attractively 

issued in book form, was not hampered by any 
rigid terme of reference, but could discuss what he 
liked and how he liked. Such opportunities are rare, 
and reflect credit upon the founder and the estab- 
lishment of his trust. The theme is not altogether 
new; it displays the anxieties which are common o 
enough at the ways thmgs are gomg in the intellectual 
world. In brief, if we are nothing more than “a 
mere collection of occurrences’, there will be (at 
the best) little left to wonder at in the whole domam 
of na philosophy and human thought. Maybe 
this is so, but it makes something like nonsense of 
life as we known rt. Prof. de Koninck is a very 
sensible person, and, moreover, fully alive to .the 
claims of the positivistes. His point is that in mathe- 
matical physica and everything related thereto one 
can, and must, be utterly impersonal, and regard 
Nature as purposeleas. 

But this does not necessarily apply to tho biological 
sciences in which it is argued (very forcibly, in the 
reviewer's opinion) that an organiam—that is, 
something provided with ‘toola’—is meaninglees if 
devoid of any teleological characteristios whatever. 
Incidentally, ıt 1 mamtamed that concentration on 
the lowest forms of life is not the best way to build 
up an understanding of Nature, any more than it 18 
epistemologically rewarding to seek for goals and 
_ends in plants, however fasomatmg, one may add, 
“are the problems of morphology. 

Thus, we are left with the tremendous question of 
the fundamentals of biophysics, and the advance of 
computers. Nobody is likely to ascribe wholly 
axiological judgments to mechanical systems for 
some time to come. That these judgments remam 
seem to make it probable that the universe ıs not 
entirely hollow. F. I. Q. RAWLINS 


Theorles of Figures of Celestial Bodies 
By Wenoeelas 8. Jardetaky. Pp. xi+186. (New 
York: Interscience Publishers, Inc.; London: 
Interscience Publishers, Ltd. 1058.) 45s. 
Oe ee 
that everything in it rotates. This remark 
by the late Sir Arthur Eddington, probebly explains 
why the theory of figures of celestial bodies has 
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exercised the minds of many famous mathematicians 
during the past century. The reader of the book 
under review may be surprised to find names such aa 
Dirichlet, Liouville, Riemann, Poincaré, Volterra, 
and more ‘recently, Kahler, Liapounov, Lichtenstein 
and Wavre sssociated with the subject, but this list 
alone indicates that the problems invdlved are funds- 
mental and of the highest status. Liouville published 
three papers on the theory during the years 1845- 
1855 and Dirichlet and Riemann each published a 
paper in 1861. Simoe about this time a great deal of 
research has been carried out in this field and the 
book by Prof. Jardeteky gives a cereful and faithful 
account of the developments that have oocurred. 
There are two parts, one dealing with figuree of 
equilibrium of a rotating fluid mass, and one with 
other figures. The former is classical and describes 
the most exact methods available for determining the 
figures. It includes chapters on the methods of 
Pomoaré, Liapounov, Lichtenstein and Wavre. The 
second part covers zonal rotation, varying figures, 
systems composed of fluid and rigid parts, fluid mass 
and centres of attraction, and figures of compressible 
masses, This part takes into account mare physical 
features than the first and is to that extent more 
realistic, but ita results are not so rigorously devel- 
oped and many of the problems still await solution. 
One really valuable feature of the book is that it 
covers material which, for the most part, was formerly 
, sucked away in obscure or old journals not generally 
° available. The author was the last pupil of Liapounov 
and thus is well qualified to bring into the light the 
work of his teacher in this fleld. He has himself 
contributed greatly to the subject, and there are 
references to his work thro the book. Anyone 
working in this field will want to consult the biblio- 


graphy, which is unusually 
L. 8. Gopparp 


The Jaws and Teeth of Primates 

Photographs and Commentaries. By W. Warwick 
James. Pp. xii+328. (London: Pitman Medical 
Publishing Co., Ltd., 1960.) 1085s. net. 


HIS book is essentially an atlas of more than two 
hundred photographic illustrations of the akulls 
and teeth of representative genera of the’ modern 
Primates from tree-shrews to man, each series of 
illustrations being accompanied by a brief summary 
of the main features of the dentition. As such, 
ok will provide a convenient work of reference for 
o have not ready access to original material 
in museum collections. The photographs are excellent 
and have been most akilfully reproduced. The 
author’s notes on the general characters, habite and 
habitat of each genus are derivative, but unfortun- 
ately too often based on early statements in the 
hterature which have been ed in more recent 
studies. A number of his observations, also, are 
surprising and even misleading—for example (in 
reference to the teeth of ‘civilized man’), “Their 
beauty is regarded as their chief attribute”; in the 
Prosimii “the oerebral hemispheres are only slightly 
convoluted”; ‘Very few foesil Primates have 
found in North or South Amerioa’’; gibbons “live in 
large colonies which may contain fifty to & hundred 
members” ; “Man in his present state, both mentally 
ae len ysioally, is very different from his ancestor's 
ousand years ago”; and so forth. The appen- 
qe oe: nce a oe ee 
raise some interesting pointe, but are too brief to 
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permit any conclusions of value. Although the text 
contains statements open to criticiam, I would repeat 
my main assesament, that, considered simply as a 
photographic atlas, the book certainly deserves 
commendation as a useful work of reference. 

W. La Gros CLARK 


Africa’s Place In the Emergence of Civilisation 
By Prof. Ra A. Dart. (The. Van Riebeeck 
Lectures.) Pp. 96. (Johannesburg: South African 
Broadoasting Corporation.) 2s. 6d. 

HE name of Prof. R. A. Dart, who until recently 

was professor of anatomy at the Witwatersrand 

University, will always be associated with the 

discovery of the Taungs skull. At first some of his 
ideas were scouted as being fantastic, but of recent 
years new discoveries have brought to light other 
ape-men of & very early and many of his notions 
have been vindicated. A short while ago he was asked 
to inaugurate the Van Riebeeck Lectures of the 
South African Broadcasting Corporation, and 
‘‘Afrioa’s Place in the Emergence of Civilisation’”’ is 
the result. Prof. Dart is tremendously impressed 
with the ‘Miraculous Community-building effecta of 
fishing upon humanity”, and it is fair to say that this 
theme is central to the book. But naturally the first 
lecture deals with earlier times and the cultural 
differences between an and a first real man. Here 
perbape a saying of weitger to me may be of 
interest; Sobweitzer has kept young gorillas and 
other anthropoid apes in West Africa and he stated 
that the difference between a gorilla and a man is 
minimal compared with the difference between a 
gorilla and any other anthropoid ape. Chapter 2 
ig concerned with the appearance of true oivilization 
in the Near Kast ; and then we come to fishing, which, 
of course, involved boats and boet building. But 
while this helped forward the march of progress, 
true civilization is based, surely, on oommunity 
life and law. May I interpolate here the suggestion 
that civilization starts in the community life of the 
village but does not come to real fruition until the 
development of the towns, and that m Africa south 
of the Sahara there seem to have grown up no real 
towns before the coming of Huropeans; this may be 
the faob that has caused Africa to lag behind China, 
northern India, the Near East and western Europe 
in the evolution of true ‘civilizations’. Prof. Dart 
does not intend his little work to be the last word 
on an immense subject, But, -just as he himself is 
stimulating to talk to, so his book is stimulating to 
read even if, for the moment, everyone may not 
agree with all he says. M. O. Burrr 


Laboratory Testing In Soll Engineering 
By T. N. W. Akroyd. (Geotechnical Monograph 
No. 1.) Pp. xx+233 -+32 plates. (London: Soil 
Mechanios, Ltd.). 50s. net. 

. AKROYD’S book has been, available long 

enough for quotations from technical reviews 
to on the cover of this edition. All, quite 
rightly, weloome it as a oomprehensive survey, 
plentifally illustrated by photographs, line drawings 
and oopies of work-sheets. ,It will be useful to oon- 
sulting engineers who need a complete account of 
the kinds of test available, the problems for which 
the tests are helpful, and the snags that may arise. 
It oould be useful in soils laboratories—teaching or 
research—where there is some interest m soil as an 
agricultural raw material. H. L. Pawan 
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CHROMOSOMES AND THE THEORY OF HEREDITY * 


By Prot. C. D. DARLINGTON, F.R.S. 
Botany School, Oxford 


(1) Morgan’s Discovery 


HE crisis of the struggle in the ascientiflo world 

over the chromosome theory of heredity was 
reached in the 1920’s when Morgan’s views became 
the subject of dispute. Morgan, with his collaborators 
at Columbia University, had carried out breeding 
experiments with the fly Drosophala. He clanmed that 
by these experiments he could show that heredity, as 
long suspected, was indeed carried entirely by the 
chromosomes. It followed that these mmute bodies 
m the oell nucleus were to be held responsible for the 
whole character of every living thing, plant or animal, 
man or microbe ; and the course of evolution from the 
beginning had been determined by changes in these 
chromosomes. It was a complete scheme of determin- 
ism on Omar Khayyam lines. 

This theory aroused misgiving and contradiction in 
many countries, especially older men who 
might know the fly but certainly did not know ita 
chromosomes. Before we look at them arguments, let 
rA see what Morgan, and Mendel before him, had 

one. 

Mendel had found that if he crossed two races of 
pees differing in two respecta, aa it might be AB xab, 
the hybrid gave cells of four kinds in equal 
numbers: AB, “4b. aB and ab. Free assortment, 
random recombination, independant segregation were 
the explanations given for this behaviour. Assortment 
of what ? Assortment of certain ‘elements’ carried in 
all cells and to the cells. Morgan, 
however, beginning in 1910, found that in the fly 
often leas than half the germ cells were of the new 
types, Ab and aB. The proportion was charac- 
teristio of the particular pair of e ta. Assortment 
was not free. The elements were linked ; and, if the 
hybrid fly happened to be a male, the linkage was 
complete: the elements were held together m one 
block. 

At this point Morgan recalled that the previous 
year, the cytologiat Janasens at Louvain had made a 
genera] proposal about chromosome behaviour. He had 
noticed that after the pairing of maternal and 
paternal chromosomes in germ oell formation they 
fell apart but remained touching or attached at 
various pone which he called ‘‘chiasmata”. At these 
pointa, ans suggested, the mating chromosomes 
might exchange parte by breakage and reunion. Such 
behaviour would give a statistical association or 
linkage of elements in the same chromosome of a 
kind already to be suspected from Bateson’s breeding 
experiments. Oonversely it would lead to the forma- 
tion of new chromosomes by, recombination of 


parte. 2 
Taking Janssens’s hint, Morgan and his collaborators 
proceeded to make crogses between psirs of flies 
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differing in many pairs of respects. They found that 
hundreds of elements could on this assumption be 
fitted mto the four observed pairs of chromosomes of 
Drosophila. Moreover, if the proportion of re-grouping 
or crossing-over was itself assumed to be related to 
the distance apart of the elementa along each 
chromosome, they found that the whole assembly 
fitted into fixed lmear orders. Thus the elementa of 
heredity, or using Jobannsen’s word the genes, could 
be put on a map which, like other mapa, showed one 
how to find one’s way about. 

It soon seamed reasonable to advance from these 
direct inferences to more general principles. Morgan 
argued that all heredity in all organisms was carried 
by chromosomes as it was in Drosophila. Further, all 
chromosomes were composed of unite of crossing-over 
or mutation which might be known as genes. Hence,, 
he appeared to argue, the genes would add up to give 
the whole of heredity ; and the differences aen 
them would add up to-give the whole of variation and 
of evolution. 


(2) The Opposition 

Morgan’s “Theory of the Gene” appeared in 1926 ; 
ita reception in England could scarcely have been 
more unfavourable. Seven men might have been 
wiling to asert their belief in the chromosome 
theory and give their reasons for it. But this 
view there were seven hundred who held a contrary 
opinion. The supporters felt liberated by the new 
theory : ita opponents felt confined and oppressed 
by it. The grounds they gave for their opposition 
were both general and specific. 

The general objections were that the theory was 
naive and mechanical and yet self-contradictory. For 
it was both statistical and deterministic. It left too 
much room to chance yet no room to free wil. In 
evolution, moreover, its hard partioulate basis shut 
out the hope of any soft Lamarckian adaptation. The 
Lamarckian principle, we must remember, was at 
that time generally maimtamed by naturalists and 
physiologists and aasumed by medical and social 
scientiste. Even philosophers had their opinions, and 
they were on the Lamarckian side. Yet there was no 
room in this picture for the Lamarckian emblems, the 
giraffe, the salamander, or the midwife toad. 

The more specific objections to the chromosome 
theory were also very various. The assumption that 
the chromosomes were alone responsible for heredity 
left a gap in our theory of development. Is not 
heredity merely a repetition of development? Yet 
this theory of heredity almost ignored development, 
and it was based on a single organism—a fly with a 
most disorderly development of its own. The 
chromosome theory also left a gap where the 
cytoplasm should be—where indeed European workers 
had found evidence of determination. Loeb, with his 
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unfortunate idea that the cytoplaam carried the solid 
basis of heredity while the nucleus bore only a few 
frills, provided a line of defence for weaker opponents 
of the chromosome theory. 

Again it was pointed out, quite rightly, that the 
gene mutations of Drosophila could nòt be represen- 
tative of natural variation for they were in their 
effects both disadvantageous and discontinuous. In 
the first respect they contradicted the helpful 
mutations of the evening primrose, Oenothera. In the 
second they failed to explain the universal 
property of continnous variation. As for the chromo- 
somes themselves, did they not at the end of every cell 
division diasolve and disappear into that bag of fluid, 
the nucleus ? As for crossing-over, the foundation of 
Morgan’s interpretation,-1t was to happen 
only in one sex and not in the otber. But who had ever 
seen it happen anywhere? Crossing-over, like the 
genes themselves, was a stroke of fancy, a mathe- 
matical artefact mvented to salvage a broken 
hypothesis. 

With regard to these chromosomes, it was true, 
there were'a variety of accounts of what they did. 
The two cell divisions known as meiosis, when the 
germ oells were formed, were especially disputable. 

Some believed that there were general rules; others 
that there were many kinds of meiosis in different 
groups of planta and animals. Moet believed that, if 
there was a rule, it was that the corresponding 

«chromosomes from the two parents paired as threads 
side-by-side. But a few stoutly maintained that 
chromosomes ix the nucleus were in an endless chain 
which spht up croeswise into segments to give 2z 
single chromosomes at mitosis, x double chromo- 
somes at meioms, and, by a freak of Nature, 4v 
chromosomes at mitosis making a new tetraploid. 

Clearly this view was of no help to those who believed 
that the chromosomes made heredity and were 
differentiated in linear structure; but it was a help 
to those who did not think anything of the kind. Such 
differences of opinion——which were described in text- 
books, taught m univermties and expounded in 
theses—created a verbal and literary jungle which 
had to be cleared before any general theory could be 
discussed. 

Finally, there was ane specifio objection which no 
one seemed to make. It was that genes were inferred 
to exist from breeding experiments with ‘characters’ ; 
or more precisely, fram studymg the inheritance 
‘of differences of character when different parents were 
crossed. Yet the whole of heredity, of the genotype, 
‘was supposed to be made up of genes added together. 
There was a concealed gap the analytical or 
differential gene and the integral genotype. In looking 
at the chromosomes ons could see that they added 
up to make the nucleus. But their differences, their 
variations, were visibly of many kinds and degrees. 
The gap was revealed. How could it be bridged ? 
Not, as it seamed to me, by pretending that it did not 
exist. It was necessary to work out a system of 
understanding life in terms of chromosomes, a system 
independent of experimental breeding, a system which 
would stand on its own feet. In this view I was 
strengthened by one man’s opinion. “Cytology”, 
Karl Belar said to me in 1928, “should not be the 
anotlla of genetios’’. That was just what I thought. 


(3) Crossing-over and the Chlasma 


Belar had shown that mitosis and the chromosomes 
themselves had a universal character, a character 
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which must underlie the uniformity of development 
of planta and animals and protista. Flere was a great 
and necessary step forward. In genetics, as in 
geology a century earlier, uniformity was bound up 
with evolution. Cytologista and geneticists too, so 
far as they took the chromosomes seriously, therefore 
liked to think that the same such universal character 
was true also of meiosis and underlay some uniformity 
in heredity. But Drosophila itself, with crossing-over 
at meiosis in the female but nob in the male, faced us 
with the gravest objection to this view. It was possible 
to evade the issue for the time being. It was possible 
to begin with the simplest material offermg experi- 
mental tests by purely chromosome criteria. For this 
putpose polyploid plants with large chromosomes, 
tulips and hyacinths, were admirably fitted. They 
revealed several unexpected principles. The impor- 
tant ones, in the present connexion, concern the 
chiasma. 

At a certain stage in the beginning or ‘prophase’ of 
meisosis, like chromosomes come together as threads 
side-by-mde in pairs. The association is limited to 
likes : it is chemically specifo ; and it was, I found, 
limited to pairs even when there are three or four of a 
kind. At a later stage the paired chromosamea 
reproduce forming double threads and at the same 
time fall apart. But when they do so they stick at. 
oertain pointe, as Janasens bad said, the chiasmate. 

Why do they fall apart, in one sense, and atick. 
together, in another? Their structure gave the 
answer. Contrary to Janssens’s view, the chiaamata 
always had the same structure: they were exchanges- 
of between half-chromosome threads, chroma-. 


were determined by such oroasing-over. The arrange- 
ment of four chromatids could be shown in a diagram 
that was at once genetic and cytological in ite implica- 
tions. With capital and small letters in sequence for 
the pairing chromogomes, an asterisk for the mech- 
anical centre, and dots for the pointa of breakage, the 
diagram would be as follows: 


oa 
b ob 
/ 


P—B—D—O 


Thus from two ABODEF and 
abcdef, two new chromatids, ABcdef and abODEF, 
had been formed, and the four chromatids would 

as chromosomes into the four germ cells formed 

meiosis. The existence of these four cells would, 
as Janssens had put it, be justified by each of them 
being s unique combination of available genes 
different from the rest. 

One could not of course prove that this principle 
was universally true (in those days most biologista 
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believed that propositions ought to be ‘proved’) ; 
one could merely hope to render ıt moreesingly 
probable. This hope was gradually realized. The 
‘critical configurations of several chromosomes united 
by, or interlocked with, successive chiasmata, the 
compansons of frequencies and distributions of 
cbiasmata and crossing-over in different organisms, in 
polyploids, m hybnds, with inversions and inter- 
changes of segments of chromosome, m plants with 
defects of chromosome pairing and of sexual reproduc- 
tion, thee all helped to carry conviction. Even in 
Oenothera the occurrence of chiasmata, the mference 
of crossmg-over, could be used to explain the modes 
of mheritance and the origms and kmds of mutations. 

The solution of the problem of crossmg-over was, 
however, obstructed by another, to me, un 
but inseparable development. The study I had made 
of meiosis, and my interpretation of what a hundred 
others had seen in a great variety of planta and 
animals, made ıt clear that the chiasma conse- 
quences which were as important as ite causes. 
People had supposed that the chromosomes were 
paired at tho first metaphase of meiosis because they 
were, in a mysterious sense, attracted to one another. 
This was, they thought, the climax of the sexual 

roceas. What could be more natural? But I had 
ound that, after pairing as single threads, the 
chromosomes fall apart as double threads. They do 
not attract, they repel one another after they become 
double; and are held together only by 
chiasmata, by the exchanges of partner between ther 
chromatids, after crosmng-over. When pairs of 
chromosomes fail to form chisaamata, whatever the 
cause, the consequence is that they he on the spmdle, 
unconnected and unorientated. They then fail to pass 
to opposite poles. Without chiasmate meiosis itself, 
with Mendelian segregation, the reduction of chromo- 
some number and the alternation of haploid and 
diploid in the sexual cycle, all these fail to ensue. 

Thus there was, m my view, a universal causal 
sequence - crossing-over ——> chiasmata —— chro- 
mosome pairing ——> segregation and reduction —— 
sexual reproduction. 

This reversal of the mechanical interpretation of 
meiosis made it possible to deacribe meiosis in the 
same physico-chemical terms as mitosis. But what 
mattered first were its genetio implications. The 
new prmoiple seemed to be true of all plants and 
animals (except male Drosophéia). It therefore meant 
that meiosis and crossing-over had come in together, 
at one step. Crossing-over from its origin must have 
been oo-extensive with sexual reproduction. What 
Morgan had hoped to imply I was now forced to 
assert. The reason why the chromosomes were 
divisible into units or genes was that everywhere their 
division into such unite was a condition of meiosis 
and hence of sexual reproduction. This, of course, 
made sense m terms of selection, adaptation, and the 
evolution of sexual reproduction itaelf. For if the 
chromosome were not divisible iito genes, if it were 
not oapable of crossing-over, it would be inherited as a 
block and no genes could be revealed either to the 
geneticist by his i ta -or to Nature by her 
selection. The origmal system would never have 
survived. 3 3 


(4) Evolution and the Cell 


It will be seen here that an evolutionary pomt 
of view was beginning to force iteelf mto my 
argument. 
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There were several reasons why this should have 
happened to the student of chromosomes, by no 
stretch of the imagination but by hard necessity. 
While the experimental breeder could sort out linkage 
in one species, the chromosomes could reveal chias-. 
mate in a hundred species and in every group of 
plants and animals. While the experimental breeder 
hnnself decided how his plants or animals should 
breed, the chromosome man had to pick up his cells 
and discover how Nature had bred them, and why, 
and with what effect. These were two reasons. But a 
third was even larger. It was that through the chro- 
mosomes there is oontinuity between successive 
generations. To the naturalst and to the experimental 
breeder the organiam 1s an independent discontinuous 
entity. To the cytologist it is part of a continuous 
process. Cell division is always a step between the 
past and future: it is always adapted to meet con- 
ditions which do not yet exist, to produce progeny 
which are irrelevant to their parent’s success. 

Oenothera first brought this home to me. In its 
evolution there had been in between 
different chromosomes, each of which succeeded by 
virtue of ite selective advantage over ita predecessors. 
But success depended on whether planta were inbred 
or outbred. Thus the hereditary mechaniam and the 
sexual mechanism, the means of distributing and 
recombining differences and the means of bringing 
them together, must be bound up together in one 
system, a genetic system. In a genetio system croasing- © 
over of chromosomes is no good without crossing 
of germ ocells, without outbreeding. The two processes 
must be adjusted to one another. They must also be 
adjusted to the needs, not of the mdividual, but of the 
breeding group and, more partioularly, of ita posterity. 

A second example was in the male Drosophala, 
with ite suppreasion of crogsing-over. In these flies 
the male, I found, had contrived an anomalous kind 
of meiosis without crossing-over. The chromosomes 
paired and separated without n to form 
chissmata. The breeding and the osome 
observations thus agreed. But how had an otherwise 
universal rule come to break down—and break down 
in the very species of organism in which the rule was 
first brought to light ? 

The reason is obvious as soon as it is pointed out. 
In the vertebrates or flowering planta the genes in the 
chromosomes are recombined onoe in every sexual 
generation. This may be once in ten months or ten 
years. But in the short-lived flies it happens once m 
ten days. That is why from the whole animal kingdom 
Morgan chose to work with tham. But to recombine 
genes so often does not give any combination a 
chance of being properly tested. Far better to let the 
genes recombine in one sex and pass unrecombmed 
through the other sex, down the other line. It is an 
admirable solution: new things can be made, but 
good things can be kept. 

In tho evolution of the flies it was not therefore 
surprising that a new type of meiosis had been 
developed in one sex—it had to be the heterozygous 
sex—in which crossing-over was suppressed. The 
genetic system would benefit from this modification. 
The original type of meiosis, on the other hand, was 
the common ancestral type still found in all species of 
plants, annals and protista, a type of nuclear division 
which had arisen at the origin of sexual reproduction, 
a type with a uniform physico-chemical character. 

At the time this speculative conclusion seemed to 
be rash. To-day, however, we can ocleerly go further. 
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The brilliant work that is now bemg used to reveal the 
genetic structure of fangi, bacteria, bacteriophages, 
and other viruses makes it indeed necessary to go 
further. We have to say now that crossing-over of 
gene sequences, or nucleotide sequences, is the original 
property of all systems capable of evolution: and 
we may add that sexual reproduction, as we ordinarily 
understand it, is the structure built around cross- 
ing-over which has made the higher organisms 
possible. 

This view turned genetics upside down. In the 
short term one could still see fertilization as the focus 
of life's processes. For it us at this moment in the 
higher plants and animals that the individual is 
created. But in the long term the foous was shifted 
to the act of crossing-over and the origin of the 
chiasma. For this is the moment when, we may say, 
the gene is created. On this event all the processes of 


evolution converge and from it they all diverge. 


(5) Determination and Uncertainty 

At an early stage in the discussion of crossing-over, 
the opponents of the chromosome theory objected 
that there wes no visual or direct evidence that 
chromosomes did or could cross over at meiosis. 
When this evidence was provided they objected that 
. there was no reason why it should happen. Fortu- 
nately the mechanical reasons were by this time only 
too evident. Chromosomes which pair as threads 
e always coil around one another. Just as pairs of textile 
fibres spun under torsion release a part of their 
torsion by coiling around one another, so do the 
chromosomes. The of their torsion released is in 

i with rest which is stored; it is 
available to break the chromatids and to untwist 
them to æ position where their broken ends oan 
recombine in new combimations. The specificity in 
pairing of genes and of parte of chromosomes and the 
observed release of torsion at the chiaama provide for 
the time, place, and action, of the event inferred in 

and of the result sean in the chiasma. 

ts with nucleic acid starvation later 
indicated that the nucleic acid component of the 
chromosomes was the means of developing their 
„torsion. I therefore assumed it to have the structure 
not of a straight column but of a spiral staircase, an 
asnmoption which has been vindicated with beautiful 
precision by Watson and Crick. How the molecular 
spiral works in detail, however, is a question we must 
ask later, when we have a more alaborate molecular 
model of the paired chromosomes. 

What must be discussed now is the fact that this 
breakage, this ing-over, can occur at hundreds 
or thousands of different places along the chramo- 
some: indeed by oné definition between any pair of 
genes in the whole sequence. But in & particular pair 
in @ particular cell it occurs at only a few poimta, 
from one to a dozen ; and there are conditions, even 
in Drosophila iteelf, where it seems to be almost 
fixed. 

This situation, in our experience of the statistics 
of causal relations, seemed to be unique and signifi- 
cant. Ita mere mechanics was easily understood. The 
frequency and distribution of crossing-over is charac- 
teristic of the arganiam. It can be regulated by the 
organiam, by ita heredity. If the chromosomes that 
are going to pair are regularly placed mde by side m 
the nucleus, which sometimes happens, the amount 
of twisting they develop is regularly distributed and 
hence the crossing-over. If the- chromosomes are 
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over will be irregular and uncertam, as it usually is. 


Thus the irregularity of crossing-over, which gives 


the weather it shows uncertainty. But, like the 
weather also, we can predict it so far as we can 
expect to predict it. Its failure, as well as ita normal 
conditions, show that it is a determined uncertainty. 
Indeed in asexual reproduction all uncertainty can be 
removed, and frequently is removed. Its general 
survival throughout the plant and animal world 
therefore shows that the uncertainty of crossing-over 
is original, is organized, and is of adaptive value. 
Through it indeed meiosis acts as a means of generat- 

To put the matter in another way: it is a paradox 
that the gene which is an organ of determinacy in life 
exists by virtue of a process of apparent indeter- 
minacy. „But when we examine it we find that the 

is spurious. It has been put there 
(if I may diverge from the present argument) by 
natural selection and for natural selection. It has 
been put there as a necessary complement of the 
uncertainty of the gene’s mutation: together they 
Lad spear sega ecg 
eels ai Rees croasing-over happens had 
beyond the previous limits 
of goons For it enabled us to split up the processes 
into two parts. First there are those concerned 
with the character of individuals. These 
are processes physiology in which the greatest 
certainty of determination, the strictest predictability 
im reaction with the environment, a chemical determ- 
Inism, is achieved; and secondly there ate ‘the 
processes of meiosis. These, reinforced by the 
chances of fertilization which are derived from them; 
determine the differences in character of individuals. 
They are the processes of classical genetics in which 
the greatest uncertainty of determination is organized 
and achieved. 

This contrast, as I believe, between two kinds of 
proceas—the one deterministic, the other spuriously 
non-deterministic—also provides one of the several 
ways of.splitting genetica into two. It means that 
instead of ing of the laws of heredity, as the 
early were fand of doing (making biology 
e pene! Ge ase goa 
of the ‘paradoxes’ of genetics. For heredity is a 
relation between parent and offspring which 18 
variably compounded of the certain and the uncertain 
elementa, according to how like the parenta or 
grandparents may have been; indeed scocordmg to 
the effects of their system of breeding. 


(6) The Continuing Issue 


I have given an eye-witness account of a battle. 
I believe it is a battle that: we won. The pursuit 
of the enemy has, to be sure, taken us Tar away 
from the original site of the conflict; and it could 
have taken us much further with the elasticity 
of the gene, the organization .of the chromosome or 
the physiology of the nucleus. But the site of the 
struggle matters leas than ita purpose. The enemy, 
although defeated, and- dispersed, ` has not been 
destroyed. They will, ia my opinion, have to be 
fought many times again. For mankind, if it happens 
to take note of the argument, will not willingly admit 
that ita destmy can be revealed by the breeding of 
flieg or the counting of chiasmata. 
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STREAMING IN CYTOPLASM DISSOCIATED FROM THE 
GIANT AMCEBA, CHAOS CHAOS 


By Pror. R. D. ALLEN, J. W. COOLEDGE and P. J. HALL 
Department of Blology, Princeton University, Princeton, New Jersey, U.S.A. 


HE driving mechaniam of amoeboid movement 

(and ita soecompanying cytoplasmic streaming) 
has always been considered to be a property of the 
amaboid oell as a whole. We wish to report new 
fndimgs which demonstrate that the cytoplasm can 
be removed from an amoba m a state in which it 
displays continuous and vigorous streaming in vitro 
for periods as long as an hour. Our experimente 
vividly demonstrate the inadequacy of the sol-gel or 
ectoplasmic contraction theory of amaboid move- 
ment’, and lead to the conclusion that the cytoplaam 
of. amosboid ocells is structurally organized into sub- 
cellular ‘unite of streaming’, the nature of which will 
be discussed here. 

The phenomenon of persistent, continuous stream- 
ing in the oytoplaam of ruptured amœbæ (Chaos 
chaos and Amoeba proteus) was described briefly by 
the semor author in 1955 (ref. 3). Since that time 
there has been. no hypothems to explain this phen- 
omenon, and a more complete account of it was 
postponed until a satisfactory hypothesis could be 
tested. The recent development of the ‘fountain zone 
contraction theory’ of ameboid movement has 
offered for the first time a satisfactory explanation 
for several perplexing aspects of amoboid move- 
ment‘. According to this theory, 
the endoplaam begins to contract 
actively (that is, develop tension) - 
as it enters the ‘fountain zone’ just 
posterior to the hyaline cap, where 
it becomes everted to form the 
ectoplasmic tube. The tension de- 
veloped between the anchored ad- 
vanoing rim of the ectoplasmic tube 
and the movable endoplasm dis- 
places the latter anteriorly. Con- 
tinuous streaming is maintained by 
propagation of the contraction 
posteriorly along the endoplasm at 
the same velocity as that at which 
the endoplasm advances relative to 
the peeudopodial tip. At the an- 
terior end of the cell the contraction 
phase of the contractility cycle ex- 
presses water (and solutes) to form - 
the hyaline cap. The hyaline cap 
fluid must then be returned to the 
recruitment zone (tail endoplasm), 
where it is beheved that the exten- 
sion phase of the contractility oycle 
occurs’. The mobility of the plasma- 
lemma with respect to the ecto- 
plasmic tube'* demonstrates the 
existence of a fluid channel (the 
hyaline ectoplasm) which could 
serve to transport the hyaline cap 
fluid to the posterior portion of the 
cell. The endoplasm has been 
shown to posseas structure sufficient ` 
to tranamit tension’.*. The details 


of evidence on which the fountain zone contraction 
theory is based is bemg presented elsewhere’. 

With the fountain zone contraction theory in mind, 
we have re-examined the phenomenan of i 
in cytoplasm dissociated from the amcbsa and have 
obtained quantitative data which satisfy many of 
the predictions of the fountain sone contraction 
theory. 

Cytoplasm is freed from the oell by rupturing the 
cell membrane while the amaba itself is held in a 
quarts, capillary to prevent the oytoplasm from 
becoming dispersed. The most succesaful method is 
to draw an intact amaba carefully into the fine bore 
of the capillary and then to shatter the capillary with 
saa scalpel under a pool of paraffin ol. The oil 
seals the capillary at both ends, thereby trappmg 
the cytoplasm in a olosed container isolated from 
outside forces. The capillary 1s drawn in two stages 
under an oxygen flame: first, from 6 mm. inside 
diameter to 1-2 mm., and then in a smaller flame to o 
75-200p. - 

The experiment is easy to perform; studentes in 
the cellular physiology course at Princeton usually 
succeed after a few attempts in obtaining dissociated 
cytoplasm preparations which stream continuously 
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Fg. 2. Diagrams to show : (A) the fountain ca pattern of 
A E E ee 
ee Te craved to inareaia the number of streaming mita 
for a half-hour or more after rupture of the cell. The 
only diffloult part of the procedure is to draw the 
ambe into a sufficiently narrow capillary without 
rupturing its membrane prematurely. It ıs also 
essential that the oell fill the bore of the capillary, 
in order to prevent excessive dilution of the oyto- 
plasm with water or other aqueous medium. It seems 
to make little difference to the outcome of the 
experiment whether the capillary is shattered 
directly over the two ends of She ie a 
Fig. LA) or slightly ipheral to amos : 
1B), as the shock of breaking the capillary usually 
is sufficient to rupture the plasmalemma. The 
diasociated oytoplaam seems to stream equally 
well whether in contact at the efids with oil or 

water. , 

While it is possible to perform this experiment with 
any large, free-living amcba, Chaos chaos cytoplasm 
displays the most vigorous movement and ‘survives’ 
for the longest periods, ranging from 10 min. to an 
hour. Our best results have been obtained from C. 
chaos which were raised ın Pringsheim solution’, 
fasted 24 hr., washed in ion-free water, and cooled 
to 2° O. for about 12 hr. prior to an experiment. 
Amoeba treated in this manner begin to stream 
within minutes after return to room temperature, 
and for a half-hour thereafter tend to remain mono- 
podial. In this condition they are more readily drawn 
into capillaries without premature rupture. None of 
these treatments is absolutely necessary, and, in fact, 
the experiment will work with amœbæ taken directly 
from wild cultures. The low-temperature pretreat- 
ment renders the cells leas fragile during transfer to 
capillaries, and the ion-free water reduces the ten- 
dency of the cytoplasm to become vacuolated 
following rupture of the plasmalemma. ; . 

Whether or not the cell exhibits streaming prior 
to rupture of the plaamalemma, the shattering of the 
capillary results in vigorous streaming which may 
reach a velocity double that in the intact cell. 

The pattern of streaming usually goes through at 
least two of three recognizable during ita 
‘survival’ within the capillary. In first stage, 
the cytoplaam circulates in the ‘fountain pattern’ 
typical of that seen in intact cella which are unable 
to become attached to a solid Headphile During 
this stage, any remnants of lasmalemma are 
transported = the outer or PEPA AER stream to 
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the former posterior end of the ocell, where they oen 
often be seen as a folded structure (Fig. 24). 

' Within the first few minutes, the second stage of 
streaming begins by the appearance of an even num- 
ber of ‘unite of ing’ which pasa back and forth 
in & more or less orderly manner. Detailed observa- 
tion of these ‘unite! shows that they are, in effect, 
bands or loops of cytoplasm, the bends of which are 
located usually at the former anterior region of the 
cell (Fig. 2B). It is difficult to determine how the 
change from the fountain pattern to the loop pattern 
occurs, but it seems likely that the cytoplasm breaks 
up into what correspond roughly to radial sectors. 
The units of are definitely not channels 
through which ‘plasmasol’ flows, for solid cylinders 
of streaming cytoplasm are ooherent and do not 

i in moderate amounts of water (see Fig. 1). 
They exhibit ‘plug-flow’ velocity profiles remarkably 
similar to those shown by the endoplasmic stream of 
the intact cell’. Sometimes thin cytoplasmio strands, 
recognizable only by moving rows of inclusions, come 
out into the water at the ends of a preparation similar 
to Fig. LB, and follow a U-shaped course through the 
water and back into the main mass of dissociated 
cytoplasm. . 

During the third stage (Fig. 20), there is a marked 
retardation of streaming velocity and a tendency 
(not seen in all preparations) of the units of streaming 
to divide longitudinally or ‘tear’. This ‘tearing’ of 
the cytoplasmic structure appears to be a result of 
the development of unequal tension from contraction 
in the cytoplasm. The tension is relieved by tearing 
along longitudinal fault in each streammg unit, 
resulting in its division into two units which there- 
after move independently. The thinnest streaming 

i by such divisions might be called 
‘fibril’, although they are visible only as a lmear 
aggregate of particles which move in single file. 

If it is assumed that the U-shaped bands of oyto- 
plasm arise from radial division of the fountain 
streaming pattern, it oan then be shown that these 
units of streaming behave as predicted by the fountam 
zone contraction theory. In order to relate the 
behaviour of the unite of streaming to the events in 
the intact cell, we shall refer to the cytoplasm 
bs Asai papee the bend of a loop as the ‘endo- 
plasmic arm’ of the loop and the cytoplasm receding 
from the bend as the ‘eotoplaamio arm’. This 
designation sappeara justified from the velocity 
profiles across the adjacent eoto- and endo-plasmic 
arms of a typical unit of streaming shown in Fig. 3. 
The velocity profile acroes the endoplasmic arm is 
remarkably similar in shape to that across the endo- 
plasmic stream of the intact cell, as measured by 
Allen and Roslanaky’; that across the eotoplasmic 
arm is flatter, as expected of a more rigid gel. The 
different velocity profiles almost certainly indicate a 
difference of consistency between the lees rigid endo- 
plasmic arm and the.more rigid ectoplaamic arm of 
the loop, even though the profiles oannot,be i 
strictly in terms of olassioal flow theory’ (qf. ref. 7). 

The fountain zone contraction theory predicts that 
the endoplasmic arm should shorten and thicken im . 
pessing through the bend. That endoplasm does 
shorten is shown by the fact that it is displaced 
toward the bend at 2-8 times the velocity at which 
the io arm recedes from the bend. (Velocity 
ratios of greater than 1 and leas than 2 were recorded 
on film, but the positions at which these ratios were 
recorded were too far from the bend to be certain 
that the bend had remained stationary. No case has 
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contraction, especially if the ecto- 
plasmic arm is held in place. When 
this docurs, the bend is ‘whipped’ 
along the capillary by the propa- 
gated. contraction. 

A further manifestation of oon- 
tractile activity is a ‘twitching’ 
movement which occurs just ar 
to ceasation of streaming. 
ized contractions may qian give 
rise to very complicated rotatory 
and other movements. 

There ia evidence of a syneresis 
ageociated with the contraction 
at the fountain sone (stage I), 
or at the bends of cytoplasmic 
loops (stage II), which is prob- 
ably analogous to hyaline cap 
formation in the intact cell. In 
the presence of traces of cal- 
cium ians, an increasing number 
of clear vacuoles forms after 
the membrane of the cell is 
ruptured. The vacuoles form 
as tiny tear-abaped, bodies which 
suddenly ‘blow up’ like balloons 


‘Broad, U'shaped a loop of aytoplasra, measzred ariar to the bend, in the fountain sone (stage. I) 
ble (etreuming toward or at the bend of a stream- 
The seen of the roe en was about Uric the veloci sem (tring codopngnis oaming of aac bend). ing unit (stage II). If the form- 


been found of more rapid streaming away from 
the bend than toward it. The same 

relationships hold true in the intact cell (see Fig. 4).) 
The shortening must occur where the velocity 
decreases ; Fig. 4 shows that this decrease of velocity 
occurs at the junction between the endoplasmic arm 
and the bend. In favourable oases it has also been 
possible to measure a pronounced thickening of the 
cytoplasm in such a'unit of streaming as it passes 
through the bend. In the example represented by 
Fig. 8, the cross-sectional area of the ectoplaamic 
arm was 3-8 times that of the endoplasmic arm, based 
on meesurementa of diameter. These changes in 
length and cross-sectional area are similar to those 
which have been shown to oocur in the intact oell®. 

Besides the geometry changes mentioned above, 
there are more direct indications that a tension- 
producing contraction occurs at the bend of these 
units of . Of particular significance is the 
Pte E al Ge as eee ce ca 

gh ae activity can be detected first at the bend 

o loop, where a conspicuous shortening occurs. 
RE A afterward, the cytoplasm moves toward 
and away from the bend. Thus the temporal sequence 
of eventa indicates that the shortening process at the 
bend is le for pulling the endoplasmic arm 
toward, pushing the ectoplasmic arm away fram, 
the bend. 

In order to result in streaming, the contraction 
must remain localised in the viomity of the bend. 
This can be accomplished only if the contraction is 
propagated posteriorly along the endoplasm of the 
intact cell (or endopleamioc, arm of a streaming unit) 
at the same velocity as that at which the endoplasmio 
stream advances relative to the bend. Ordinarily, 
the contraction is moonspicuous because, it remains 
at the bend. Occasionally, however, the.contraction 
is seen to be propagated along -straight sections of 
cytoplasm from one end of the capillary to the other. 
Occasionally also, the bend itself moves wan the 


ation of these clear vacuoles is 

the result of synsresis, then the, 
argument that hyaline oap formation results from 
synmresia amociated from the fountain zone oon- 
traction is strengthened. It is then reasonable to 
suppose that this synaresis occurs also. when in- 
sufficient calcium is present to cause the formation 
of a visible vacuolar membrane around the fluid 
expressed from the interstices of the contracting 


The streaming of amcbe cytoplasm in the absence 
of the plasmalemma and ectoplasmio tube as struo- 
tures completely eliminates the sol-gel or ectoplasmic 
contraction theory as æ posible explanation for 
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streaming in cytoplasm dissociated from amæœboid 
cells. This theory demands:the presence of an intact 
ectoplasmic tube to convert ectoplasmic shortening 
into @ pressure gradient. 

The results of the present work provide additional 
evidence that the endoplasm of the amosba is not & 
structureless sol, but rather a material which is 
oy and physiologically organized and capable 

of carrying on cytoplaamio streaming at the sub- 
cellular level. The partial disintegration of cytoplasm 
dissociated from giant amœbæ into motile ‘units of 
streaming’ provides evidence which is not only oom- 
patible with, but also provides further verifloation 
for, the fountain zone contraction theory of ameboid 
movement’, Each unit of streaming oonsiste of a 
U-shaped loop or band of cytoplasm with a bend at 
which a contraction occurs. The two arms of the 
loop show a difference of consistency ; the contracted 
or ectoplaamic arm is more rigid. Therefore, when 
the bend is held stationary and the contraction is 
propagated in one direction, thé cytoplasm of the 
loop streams through the bend in the opposite 
direction. 


THE NATIONAL ENGINEERING LABORATORY, 


OPEN 


HE third open days of the National Engineering 

Laboratory (formerly the Mechanical Engineering 
Research Laboratory), East Kilbride, Glasgow, held 
on June 15 and 16 and the evening of June 17, were 
attended by more than 2,200 tives of 
industry, universities, technical co and other 
research organizations. All the work at Kast Kilbride 
and Thorntonhall was on display, and about a hun- 
dred items were specially featured. There was also a 
display describing the facilities available for carrying 
out sponsored investigations for individual firms. 

The behaviour of metals under streas is the concern 
of the Materials Division, where the aim is to provide 
the designer with basic data on the strength of 
materials, particularly under fatigue and . In 
Tns CombohnInaCanA ENa Ee ra E 
form very’ quickly, and it is necessary to know the 
oonditions under which these will grow if the oom- 
ponent is to be designed efficiently with economic use 
of material. Investigations, using 10-in. wide sheets 
under tensile fatigue loading, have shown that low 
stresses (5 + l4 tons/in.” for mild steel) are sufficient 
to cause cracks to grow, and this growth may be 
contmuous or intermittent. When growth is oon- 
tinuous, for overall ocrack-lengths up to one-eighth 
of the total width of the sheet, the rate of growth is 
dependent on the cube of the alternating stress and 
on the current orack- 

Fundamental studies of the mechanism of growth 
ee ee 
crack is made up of many small i 
ee aa o te Gs sill ranks Gerd 
brittle fracture or to the inclusion cavities of ductile 
fracture. It is thought that elementary fatigue cracks 
form as & result of the development of a sub-grain 
structure, the sub-grains being an essential feature of 
cyclic dislocation movement. 

Under stress at high temperatures, materials under- 
go a alight continuous elongation, known as creep. 
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We believe that the principle upon which the 
movement of amoba cytoplasm has been shown to 
Sopan Deny Pe Wely See to many other cases 

/oplaamio streaming, and that the demonstration 
prmeiple at the sub-cellular level represents 
an aoe step toward an understanding of the 
mechaniam of amæœboid movement and cytoplasmio 


This investigation was supported by a Research 
Grant, C-3022, from the National Cancer Institute, 
National Institutes of Health, U.8. Public Health 
Service. n 
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To provide data for the adequate deaign of com- 
ponents which will operate under these conditions, 
ag, for example, in steam-power plant, the Laboratory 
is examining the creep characteristics of typical 
engineering metallic alloys. Their es, under 
simple and generalized loading conditions, under 
relaxation condrtions where the total strain is kept 
constant, and under conditions leading to actual 
fracture, are bemg studied and the relation between 
creép-rate, stress and time has been established for 
several materials. 

The development of techniques and apparatus for 
a accurate measurement of large water-flows in 

is necessary for the efficient design and operation 
hydraulic machinery. One technique employs 
propeller current meters, mounted in a predetermined 
pattern over the cross-section and each rotating at a 
speed proportional to the local velocity of flow. In 
conventional propeller meters, bearing friction at low 
flow-rates es the meter calibration non-linear and 
dent on ines The Ftuids Division at the 
oratory has developed a frictionless meter incor- 
porating a hydrostatic preesurized bearmg which 
provides a dynamio film of water between rotating 
and fixed parts. Static friction is eliminated and 
linear calibration is now obtained over a wide range 
of flow-rates. It is hoped that precision moulding of 
the i will eliminate the need, for calibration of 
individual meters when the first one of two impellers 
have been calibrated. 

A robust dual-elerpent thermometer has been 
devised to measure. ture between 0 and 50° C 
to within a few milhdegrees centigrade under indus- 
trial conditions. It is used m conjunction with an 
a.c. bridge having transformér ratio arms, and the 
circuit oan be arranged to eliminate the effect of long 
supply leads and bridge outer leads. The temperature 
is obtained from the ratio of the temperature co- 
efficients of resistance of the copper and minalpha 


` 
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- elements, and the need for a highly stable external 
. resistor (and consequent temperature-controlled en- 
closure) is elimmated. 

Hest tranafer ia an essential process in the operation 
of a wide range of mechanical engineering equipment, 
and ib is part of the concern of the Heat Division to 
obtam more accurate date for use in the design of 
such equipment. A particular example of funda- 
mental mm in this field is the flow of heat 
Pea E e E ashe a Studies 
of the effect of abrupt changes of section and right- 
angled bends in pipes aen shown that for low flow- 
rates, and particularly for laminar flow, there is an 
increase in the heat-transfer coefficient after the 
discontinuity (in one instance the coefficient rose to 
ten times its normal value). This morease may extend 
ee a a ii a 

or higher flow-rate, the increase in the 
heat-transfer coefficient is Paral small and 
does not extend far along the p 

To enable heat-exchange ia to be Gama 
more efficiently, Gasca ties! foe «uae RAS 
cn tun Divito’ in producing’ tale of thermo 


properties 
The a a Laboratary 
nited Kingdom representative in the prepara- 
tion of an internationally acceptable set of steam 
tables ; a new skeleton table, extending up to 1,000 
atmospheres and 800° O., is being drawn up. To 
reconcile the different experimental data and to keep 
them consistent with the thermodynamic relations, 
an equation of state, valid for the vapour state, has 
been devised, based on P-V-T data; this equation 
represents pressure as a double-power series in, density 
and temperature, and all the other properties can be 
derived from. it. 
One of the ams of the Metrology Division is to 


pneumatic techniques, are devel 
attention is being given to the application of moiré 
fainges to precision measurement, and sutomatic 
control of machine tools (moiré frmges are produced 
when light is shone through two similar gratings 
placed face to face with ther lines not quite parallel). 
Using a photo-electric pick-up, linear or rotary move- 
ment can readily be converted into a corresponding 
electrical signal, and this system can be used as a 
basis for comparing the relative motion of two ele- 
ments in e mechanism—the signal re ing the 
error in relative motion can then be used to actuate 
& correction mechaniam. A system of this type is 
now providing continuous and automatic carrection 
of the errors in rotation of the worktable of a com- 
meroial gear-hobbing machine. A photographic pro- 
œs is used to produce the lines on the precision 
radial : gratings -for this and other applications ; 


with a photographic 
plate secured to the table of the dividing machine. 
By alternate exposure of the plate to a beam of light 
passing through the master segment, and indexing 
of the teble through an integral number of grating 
pitch , & complete photographic copy- is 
Obtained. This eod einai short-term periodio 
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arda n tha mating, ice ia 
duction can be reduced .conmderably {for a radial 

eens wey 10200 Late Some dave: fe About 
34 hr.). 


Pressurized air’ bearings ‘are being employed to 
reduce friction in. instruments and machine tools. 
They can be used to provide a high-precision axis of 
rotation, in journal bearings, or’ to’ enable a carriage 
to travel accurately m a straight lme-along a slide- 
way. A typical apphestion of the second type haa 
been the devel of a fist ‘air bearmg to rt 
the }-ton worktable of a horizontal milling ine. 
Cuttmg performance of the machine is unmmparred, 
while it has been possible to reduce the size of the 
traverse motor from 2 to 1/50 h.p. 
A ee coarse ee 
tion and wear is essential if machines 
efficiently and have a long service life. ’ 
tion and Wear Division is studying óne of the major 
forms of wear m machinery—the abrasive action of 
hard fine particles.. This may occur, for example, in 
internal combustion engines, if the arr is not properly 
filtered si mtake, and m agricultural 
under the action of soil particles. Work on the 
Tegistance to abrasion of a wide range of carbon 
steels and cast irons has shown, tbat in general an 
increase in hardness of the material improves the 
resistance, but in some cases other factors, such as 
graphite or eutectio cell-size in cast irons, may be 
. Other work has 


wear and to fretting corrosion (the wear occurring 
between two contacting surfaces subject to repeated 
relative oscillatory motion), and it may ultimately 
pee ree ee 
from abrasive wear 

Unde vageety wade, such as are encountered in 
internal combustion engines and in high-speed turbo- 
machinery, the position of the shaft in a journal 
bearing varies in the bush, and excessive vibration 
and bearing failure may result. Inductive transducers 
are being used to detect and trace the shaft move- 
ment under the action of various loads, including a 
combined gravity load and unbalanced rotating load. 
The rupture of the lubricant fim in the unloaded 
part and the consequent change in the hydrodynamic 
conditions in the bearmg appear to be reaponsible for 
the observed variations in shaft movement. 

The work of the Plasticity Division is directed 
towards obtaining a better of the 
behaviour of metals during plastic deformation. This 
will lead to more effective utilization of metals, and 
in metal-working processes to improved techniques 
and more efficient machine tools. 

In forming operations the temperature distribution 
within the metal must be known -and controlled to 
avoid excessive rises of tem i 


A combi 
is being used to determme the rates of rise of tem- 
perature in a material during extrusion, and 4 pro- 
gramme has been sate for the Laboratory’s 
Deuce computer to obtain the temperature distribu- 
tion as a fonction of time under various extrusion 
conditions. g 
Investigations have shown that under high hydro- 
static , materials behave in a more ductile 
manner than at atmospheric pressure, and that some 
normally brittle materials, for example, bismuth and 
Mégneaium, can be eure cold-extruded mside 


+e 
ar 
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d bahe contaittng KU al high bea a 
superimposed’ hydrostatic pressure of. 2-8 tons/in.*. 
may be sufficient țo prevent btacking of the extruded 
product for low redudtions in.area. This technique 
may have several’ commercial spplications, par-- 
ticularly. in _ the: workmg of .new and difficult 
materials. . 

Apparatus to ġenerata pressures up to 100,000 
atmospheres in conjunétign with temperatures up to 
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Psychology at Leicester : Prof. S. G. McK. Lee 
De. 8. G. MoK. Las, who has been elected to the 


` new chair of psychology i in the University of Leicester, 


w a South African by birth and gained his early 
education and teaching experience in psychology at 
the University College of Natal. His war service, 
during 1040-46, included four years as navigator 
with the South African Air Foros and the Royal Arr 
Force. Dr. Lee has a close knowledge of the language 
and culture of the Zulus, among whom he oarried 
out studies in social psychology and cultural influences 
on personality. His reports on the ‘orying hysteria’ 
of Zulu women and the cultural ce given to 
their dreaming are well known. He has standardized 
intelligence tests and a version of the thematic a 
ception test for Africans. After taking his Ph.D. at 
Birkbeck Collegé, London, where he also held a 
teaching poet, Dr. Lee became in 1955 senior lecturer 
in psychology at the University College of Fort Hare, 
where, however, he reluctantly decided that political 
restrictions on African education would soon make 
his work nugatory. He returned to London, to join 
the staff of Bedford College, where he has taught for 
the past four years. In his recent research work he 
has brought together his training as an i tal 
hologist and his experience in clinical psychology 
y investigating expermentally, in collaboration with 
Dr. D. W. Forrest, the effecta of repressed interest 
and emotion on perception. He is now (in association 
with Dr. G. M. Carstairs, of the Medical Research 
Council) applying one of the experimental techniques 
developed that purpose to a study of psycho- 
logical aspects of hypertension. 


C.S.1.R.O. Division of Physical Chemist 
Dr. S. enn 
Da. 8. D. Hamann has been appointed chief of 
the Australian Commonwealth Scientific and Indus- 
triak Research tion’s Division of Physical 
Chemistry at Fishermen’s Bend, Victoria. He suo- 
oceds Dr. K. L. Butherland, who has resigned to 
become director of research for the Colonial Sugar 
Co., Ltd. Dr. Hamann was born in Christ- 
church, New Zealand, in 1921. He graduated M.Sc. 
with honours ‘at Canterbury College, having special- 
ized in chemistry and physics. He spent more than 
four years in the Royal New Zealand Navy, being 
engaged almost continuously for three years in oper- 
ational and technical research on radar. At the 
conclusion of the War, Dr. Hamann studied at the 
University of Manchester, and was awarded a Ph.D. 
degree in 1950. ‘Having returned to Australia, ho 
immediately joined-the Commonwealth Scientific and 
Industrial Research Organisation’s High-Pressure 
Taboriy in the Ohemical Engineering Department 
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This will be used to 
investigate the forming of new materials of technical 
and scientific interest under simultaneous high pres- 
sure and high temperature. Typical effects of such 
conditions are the transitions of graphite to diamond 
and hexagonal boron nitride to borazon. In the case 
of borazon, its great hardness and resistance to 
oxidation at high temperature give it considerable 
industrial potential. ` R. I. Lrracow 


d VIEWS 


of the University of Sydney. He has been in charge 
of this Laboratory since 1952. Dr. Hamann has 
represented Australia at meetings of the Inter- 
national Union of Pure and Applied Ohemistry in 
Zurich (1955) and Munich (1959). 


C.S.I.R.0. Division of Forest Products : 
Mr. 5. A. Clarke 
Mr. Stantey A. OLARXS, chief of the Division of 
Forest Products of the Australian Commonwealth 
Scientific and Industrial Research Organisation, 
retired from active duty on August 26. Born in 
Perth, Western Australia, in 1900, an engineering 
graduate of that State and an associate member of 
the Australan Institute of Engineers, Mr. Clarke has 
been associated with the Division of Forest Products 
since 1929. In that year he was seconded to the 
newly formed Division of Forest Products as officer- 
in-charge of seasoning and utilization. The following 
year he transferred to the t staff of the 
Division, and in 1931 was appointed as deputy chief 
of the Division. He held this pomtion until 1044, 
when he succeeded the late Mr. I. H. Boas as chief of 
Division. Mr. Clarke has won the esteem and con- 
fidence of the Australian timber industry, and has 
established a reputation both in Australia and over- 
seas for his ability to apply his engineering and 
acientific outlook to problems in the utilization of 
forest products. Devoting himself m the firat instance 
to the S E of saw-milling, timber seasoning and 
timber grading, he afterwards became an authority 
on such widely diverse activities as those of the 
pulp and paper, fibre board and particle board 
industries. Smoce 1980 he has participated actively 
in the work of the Timber Industry Committee 
(formerly Timber Sectional Committee) of the Aus- 
tralian Standards Association, bemg appointed as 
chairman to the Committee in 1944. His advice has 
been widely sought by such countries as New Zealand, 
India and the United Kingdom. Mr. Olarke has 
taken a keen interest in the United Nations Food 
and Agriculture Organization’s work in relation to 
forest producta, and in addition to being chairman 
of the Asia-Pacific Regional Committee of Foret 
Products Research he is a member of the 
Technical Pansl on Wood Technology of the Organ- 

Reflexion of Signals frém Echo | 

A TAs of scientists from the Post Office and the 
Royal Radar Estabhehment, Malvern, succeeded on 
the evening of August 29 in receiving signals at 
Malvern reflected from the Earth satellite Hecho 1 (see 
Nature, August 27, p. 741). Tho signals, which 
included both unmodulated carrier waves and speech 
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transmissions, were transmitted from the Bell 
Telephone Laboratories at New Jersey, U.S.A. 
Prof. A. C. B. Lovell, of the Jodrell Bank Radio 
Astronomy Station, announced that signals from 
New Jersey had been received about a week ago, 
using the 250-ft. radio telescope. The present testa 
at Malvern are of particular interest aince the radio 
aerial used was only 20 ft. in diameter. 


The National Chemical Laboratory 

THE report of the National Chemical Laboratory, 
1959 (London : H.M. Stationery Office, 1960. 4s. 6d. 
net), begins with a report of a steering committee set 
up in October 1958, which made several recommenda- 
tions. Thus the Committee proposed the transference 
of the collection of industrial bacteria to the Torry 
Research Station and the disbanding of the research 
section. The greater proportion of the National 
Chemical Laboratory’s effort is to be devoted to work 
on the thermodynamic properties of pure materials. 
Work on high polymers is reduced to the investigation 
of certain aspecte. Work on selective membranes is 
to be continued. There will be closer co-operation 
with the National Physical Laboratory. The work 
on corrosion, always a valuable part of the research 
in the National Chemical Laboratory, is continuing. 
A Radio-Isotope Applications Group works at Har- 
well. The report as a whole contains some m i 
material, usually presented in sufficient detail to be 
intelligible to non-specialists. 


Sclence Horizons 

Commanormna with the August issue, the title of 
the monthly review of scientific progress in the 
United States of America, Atoms for Peace Digest, 
issued by the United States Information Service, 
American Embassy, London, W.1, has been changed 
to Soisnos Horizons, to reflect the broadened editorial 
content of the journal. For some time now the 
journal has been reporting developments in space 
research, electronics and technology generally, in 
addition to specific developments in nucleonice, and 
these are now to become regular features. Topics 
discussed in the August issue include ram-jet engines 
for supersonic sirlmers; a world-wide, all-weather 
navigation system, based on Earth satellites; and 
the ‘laser’, a light amplifier. Science Horizons is to 
be published during the third week of every month, 
but will be dated a month ahead, that is, for example, 
the October issue will be distmbuted during the third 
week of September. 


International Sclentific Radlo Union 
Tum thirteenth General Assembly of the Inter- 
national Scientific Radio Union (U-R.8.I.) is being 
held at University College, London, during September 
5-15. The Union is in the nature of a federation of 
national scientific bodies interested in the radio as- 
pecta of scientific reeearch and development. The 
present aasambly is being held at the invitation of 
the Royal Society which, through its British National 
Committee for Scientific Radio, is responsible for 
making the arrangements for this meeting, under the 
i ip of Mr. J. A. Radcliffe. The previous 
General Assembly was held at Boulder, Colorado, in 
1957 (see Nature, 181, 485; 1958), and Dr. L. V. 
Berkner, head of Associated Universities, Inc., New 
York, was elected president of the Union for the 
current term, and is presiding over the plenary 
meetings in London. The scientiflo programme of the 
forthooming aasembly is organized under seven oom- 
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missions, the titles and chairmen of wbich are: I, 
Radio Measurements and Standards (Dr. B. Decaux) ; 
I, Radio and Troposphere (Dr. R. L. Smith-Rose) ; 
TH, Ionospheric Radio (Dr. D. F. Martyn); IV, 


Radio Noise of Terrestrial Origin (Prof. R. A. Hell- ` 


well); V, Radio Astronomy (Prof. A.C. B. Lovell) ; 
VI, Radio Waves and Circuits (Prof. 8. Silver); and 
VIL Radioelectronics (Prof. W. G. Shepherd). 


The British Pteridological Soclety 


DURING the latter half of the last century, search- 
ing for and growing wild varieties of British ferns were 
wide-spread pastimes. In 189] a group of Lakeland 
hunters formed themselves into the Northern Britash 
Pteridological Society and attracted members from 
all over Britain. During those early years, the 
emphasis was on varieties and their cultivation, and 
this is still regarded as an important and integral 
part of the activities. In recent years, the scientific 
side has gradually developed and increased in m- 
portance. This movement has been greatly acceler- 
ated during the past year, which has seen big changes 
and re-organization in the Society. The importance 
of operating in a much wider field has been reahzed 
and the Society's aims now include the study of 
world ferns and fern allies. The recording and dis- 


_ semination of information on the Britiah Pteridophyta 


still remain, of course, a major activity. In addition, 
an attempt is being made to build up a herbarium of 
varieties in existence to-day. An annual excursion 
for a week to parta of the country where ferns abound 
has long been a popular institution in the Society. 
Additional meetings are held during the year to 
cater for members whose interests are taxonomic 
rather than horticultural. Day field meetings and 
indoor meetings are held in the London area, and a 
separate northern meetings secretary and committee 
organize field meetings for members in the north of 
England and im Scotland. The current annual sub- 
scription is 10s. Members receive the Britwh Fern 
Gazetts, published annually, and, occasionally, other 
publications. The secretary is Mr. J. W. Dyce, 
46 Sedley Rise, Loughton, Easex. 


Mushroom Growing 


Tas Ministry of Agriculture, Fisheries and Food is 
to be congratulated on the new edition of ita bulletin 
on “Mushroom Growing” (Bull. No. 34, seventh ed, 
price 68. HM.8.0., London, 1960). The sixth 
edition was issued some smx years ago, and, as noted 
m the foreword, both before then and simoe, the 
mushroom-growing industry has seen many important 
changes, specializations and refinements in ite prac- 
tices. Indeed, “Changes in practice are occurring so 
rapidly that no account oan be reasonably up to date 
for very long’’. It is in the light of the many recent 
and contemporary changes and innovations that the 
present guide has been written under the chairman- 
ship of Mr. F. W. Toovey, director of the Glasshouse 


Crops Research Institute. The essential facta and 


procedures are well and fully set out, and are ilus- 
trated by some excellent photographs. 


Botanical Garden In Tashkent 


A NEW botanical garden was founded in 1950 m 
Tashkent’s northern suburb. Of the total projected 
area, of 80 hectares, 40 hectares are now occupied by 
a dendro park contaming 1,300 species of trees and 
shrubs belonging to the local, European, Far Eastern, 
Chinese and North American flora. The dendro park 
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contains several artificial ponds and it is traversed 
by 12 km. of roads. As described by F. N. Rusanov 
(Priroda, 7, 61; 1959) the dendro park contains 
many well-aoclimatixed, rare and valuable plants 
and hybrids. The park is at the service of the whole 
of Central Asia. 


Submarine OIl Drilling 


Aooonpine to M. K. Kalmko (Priroda, 11, 25; 
1959), the first attempt to extract petraleum from 
rocks underlying the bottom of the Caspian Sea were 
made in the region near Baku in the ing of the 
nineteenth century. The workings, protected 
wooden frames lowered at the bottom of the 
sea, were destroyed by a storm in 1825. In 1910, m 
an attempt to mfill a shallow bay, petroleum was 
discovered, which led to drilling in the region; but 

lanned survey and undersea petroleum extraction 
began only im 1935. At the present time, undersea 
extraction is carried out on a large scale in eight 
separate areas in the region of Baku, and in 1958 
this work extended to the eastern part of the Caspian 
Sea. Outside Russia, the submarine extraction of 
petroleum began in Japan in 1888, but it reached its 
maximum development in the Gulf of Mexico, 
California, Venezuela, and the Persian Gulf. Special 
surveying and prospecting methods are now employed 
for the investigation of the possible offshore ean 
provinces or ‘aquatories’. The author of article 
gives a general survey of the world’s offshore petrol- 
iferous provinose, which in his opmion may yield more 
petroleum than the overland provinces. 


Use of Gamma-Radlation Sources for the Sterlliza- 
tlon of Pharmaceutical Products 


A REPORT issued by the Association of the British 
Pharmaceutical Industry (B.M.A. House, Tavistock 
Square, London, W.C.1. Pp. 17) describes the find- 
ings of a working party set up by a number of 
pharmaceutical firms and other mterested bodies, 
including the Atomic Energy Research Establishment, 
to investigate whether pharmaceutical products and 
containers could be usefully sterilized on a commercial 
scale by using gamma-radistion. The resulta of the 
testa are in a convenient form in this 
report. A dose of 2:5 x 10° rada (from ocobalt-60) 
appeared to be adequate to achieve sterility, but it 
caused changes in many of the substances tested, and 
in many cases rendered them unsuitable for use. It is 
suggested that the method may be usefully applied 
m particular cases, but the resulta, in general, are 
not considered sufficiently encouraging to justify 
continuation of the present Investigation on a group 
basiq. 

Molecular and Crystal Structure Models 

A BIBLIOGRAPHY on molecular and crystal structure 
models used extensively in research and as teaching 
aids has recently been published (U.S. Department 
of Commerce: National Bureau of Standards. 
Monograph No. 14: Bibliography on Molecular and 
Crystal Structure Models. By Deane K. Smith. Pp. 
ivt? W D.C.: Government Printing 
Office, 1960. 15 cents). The references are grouped 
into four broad classifloations—models m general, 
static models, dynamic modela, and constructional 
deviœces-——-and the static model classification is, in 
addition, subdivided into closed molecular (Stuart 
type), closed packing, open molecular, open crystal 
structure, open with parallel rods, polyhedral, and 
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ceded by brief explanations of the various types of 
model which indicate the more significant articles 
relating to them. - 


Hematology of the Central Australian Aborigine 


Various hamatological observations on central 
Australian aborigines have been made by J. R. 
Casey-8mith, of the Department of Anatomy, 
University of Adelaide (Austral. J. Bap. Biol. and Med. 
Sot.). One group contained some thirty nomadic 
males living under primitive conditions for most of 
the year. The second group consisted of about 
twenty males and fifteen females living under urban 
conditions, on an almost European diet. The nomadio 
group’s diet had a high iron content. The hemo- 
Bo eee A Oe Bap aera A 

tral Australia, were also measured. Hemoglobin 
and hematocrit values of the nomads were higher than 
those of the ‘urban’ males ; neither sex of the ‘urban’ 
community differed significantly from the 
controls. The erythrocyte counts showed no significant 
difference between the two male groups. Hæmo- 
go prsi of sixteen Europeans living at Alice 
prings were almost the same as those of the ‘urban’ 
male. The mean uscular volumes and the mean 
corpuscular hemoglobins of the nomads were just 
greater than those of the Europeans, but the ‘urban’ 
natives did not differ significantly from either the 
nomads or Europeans. The mean corpuscular hæmo- 
globin concentrations did not differ significantly 
between the groupe or from European standards. 
Erythrocyte osmotic fragilities showed an increase 
in haemolysis at 0-5 N, but otherwise were not 
significantly different from those of Europeans. 
The aborigines did not differ significantly among 
themselves. The erythrocyte sedimentation-ratea 
were greater in all groups of aborigines when com- 
pared with Europeans, but the nomads’ values were 
lees than those of the urban groups. 


Virus-Streak Disease of Tomatoes 


THE syndrome of the streak disease of tomatoes in 
Ontario has been shown to be double-virus in nature, 
resulting from the synergistic action of tobacco 
mosaic virus and potato virus X (MacNeill, B. H., 
and Ismen, Hikmet, Canad. J. Bot., 38, 9; 1960). 
Expreæion of the disease was found to depend on 
both virus components of the complex, a variation 
in strain characteristios of either tobacco mosaic 
virus or potato virus X being reflected in the intensity 
of their interaction in the tomato. The extreme 
severity of streak in the greenhouse and field tomato 
crops in Ontario is associated with what appears to 
be a geographical strain of tobacco mosaic virus. 
This virus is characterized by the induction of primary 
local lesion in petunia without subsequent systemic 
invasion of that host. Air temperature profoundly 
affecta the development of streak, symptoms being 
masked above the critical temperature of 26° C. 
This phenomenon is a true masking effect with both 
viruses becoming latent in the tomato host. 


Excavation of La Grotte de Rocherell 


Tr is a pleasure to direct attention to a straight- 
forward cave excavation where the finds are of prime 
importance and are not dependent on a statistical or 
other theory which has to be demonstrated (“Le 
Grotte de Rochereil”, by P. E. Jude, Mém. 30, 
Arch, Inst. Paléont. Humaine. Masson et Oie., Paria). 
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The site is not far from Périgueux, and the cultures 
present are the late Magdalenian (mostly M8) and 
Asihan, The fauna indicates a very cold period 
during the Magdalenian occupation, succeeded by an 
. unpleasant period of transition leadmg to a more 
temperate climate. The implements, both ın flint 
and bone, are numerous and characteristic, and many 
of the bone tools are decorated. Human remains 
occur m each culture-level. A distmbution map of 
Azan finds in south-west France 18 given, and it 
would seem to rule oub the theory that there was 
direct connexion between the Azilian of south-west 
France and the early Mesolithic cultures (Obanian, 
eto.) of Ireland and western Scotland, lmked by a 
series of cyltural sites now under the sea. Actually, 
Anlian sites are conspicuously abeent from the 
coastal areas of south-west France. “La Grotte de 
Rochereil” is a worthy volume to add to the other 
Mémoires of the Institute of Human Palwontology ; 
it is well illustrated. 


Research on Tinplate In Australia 


Tue Broken Hill Proprietary Company, the sole 
producer of tinplate in Australia, bas made a grant 
of £6,000 per annum to support tmplate research in 
the Commonwealth Scientific and Industrial Research 
Organization. The grant will be used to support 
investigations at the Organization’s Division of Food 
~ Preservation and Transport at Homebush, New South 
Wales; this is the main centre m Australia for 
research on tinplate packaging problems. One 
project to be undertaken will be a study of the 
reasons why certain foods sometimes cause intense 
corrosion or deep ane of tinplate. Until 1957, 
when the Broken Hill Proprietary Company opened 
ita new plant at Port Kembla, Australian supplie of 
tinplate were all imported; now, however, the 
Company supplies hot-dipped tmplate for the 
majority of the food cans manufactured in Australia, 
and it will be possible for research workers to trace 
the history of the plate right back to the steel ingot ; 
this will be very useful in corrosion studies. 


Physlological Role of Fast Transfer Reactlons 

To inquire into the poesble physiological role of 
fast transfer reactions in eliciting specific interactions 
in ordered macromolecular structures, æ series of 
seminar lectures was held at the Massachusette 
Institute of Technology during the spring term of 
1960. Included were lectures on electron and energy 
transfer mechanisms and on current concepta of 
proton transport mechaniams of immediate bio- 
physical and biochemical significance. Properties of 
water and ice crucial for proton transfer were 
reviewed. Six lectures of a more general nature dealt 
with aspects of macromolecular mteraction pro- 
perties. Abstracts of these lectures and pertinent 
references are available free of charge. 
should be sent to Prof. Francis O. Schmitt, 
ment of Biology, Massachusetis Institute of Tech- 
nology, Cambridge 39, Mass. 


Foundation of Plant Geography 


STODENTS of the history of botany will note with 
interest and appreciation the production of a feo- 
smile edition of the essay by Alexander von Hum- 
boldt and A. Bonpland on the “ phie des 
Plantes’’, dated Paris 1805, but believed not to have 
been issued until two years later. This work, the 
original of which is not readily acceamble, has been 
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issued by the Society for the Bibliography of Natural 
History, as Sherborn Fund Facsimile, No. 1 
(o/o British Museum (Natural History), London, 
8.W.7; price 10s.). Humboldt 1s generally regarded 
as the founder of modern plant geography, and here, 
in the boldly printed pages of his ‘‘Hasa:”, some of 
his original comprehensive observations and ideas 
are set out. 


Society for Applied Bacteriology : Officers 


At the annual meeting of the Society for Applied 
Bacteriology, the following offlcers were elected : 
Hon. President, Mr. G. Sykes; Hon. Secretary, Dr. 
Ella M. Barnes; Hon. Treasurer, Mr. G. Elis Jones ; 
Hon. Editors, Dr. 8. E. Jacobs and Dr. D. J. Jayne- 
Wilhams; Hon. Publicakons Manager, Mr. A. H. 
Walters; Hon. Advertising Manager, Mr. E. J. 
Mann; Members of Commitee, Dr. Eve Billing, Mr. 
N. J. Butler, Mr. B. M. Gibbe, Dr. N. D. Harris, Dr. 
J. R. Norris, Dr. Jane Meiklejohn, Dr. A. M. Paton, 
Dr. Joan Taylor, Dr. Q. C. Ware; (ex-officio), Dr. 
O. A. E. Briggs, Mr. D. A. MoKenzie. 


The Animal Health Trust: Educational Awards 


Tas following Animal Health Trust educational 
awards for 1960-81 have bean announced: Wel- 
come Fellowships: R. B. Taylor (University of 
Liverpool), to undertake research into tolerance and 
the development of immunity ın animals at the 
Department of Zoology, Cambridge; I. J. F. Stobo e 
(University of Edinburgh), to study problems of the 
early weaned calf, with particular reference to 
nutrition and the development of the digestive organs, 
at the National Institute for Research in Dairying, 
Shmnfleld, Reading. Research Training Scholarships : 
R.A.S.E. Research Training Scholarship to R. M. 
Connan, of the Royal Veterinary College, to study 
general pathology at the Department of Animal 
Pathology, Cambmdge; A. D. Allen Memorial 
Scholarship to G. W. Osbaldiston, of the University 
of Queensland, to study anmal nutrition and general 
husbandry at Cambridge; Dr. W. N. M. Foster, of 
the University of Edinburgh, to undertake research 
into the problem of ‘quidding’ ın Border Leicester 
sheep and to complete hia veterinary degree at the 
Royal (Dick) School of Veterinary Studies, Edin- 
burgh; R. M. Griffin, of the Federal Department of 
Veterinary Research, Northern Nigeria, to con- 
tinue investigations into contagious bovine pleuro- 
pneumonia and to attend the course for the diploma 
of bacteriology at the London School of Hygiene and 
Tropical Medicine ; I. F. H. Purchase, of the Univer- 
sity of Pretoria, for work in the field of animal 
anesthesia at Cambridge. 


University News : London 


Me. G. Buatyavin, senior lecturer at Univeraty 
College Hospital Medical School, has been appointed 
to the University chair of bacteriology tenable at 
that School. 

Mr. E. J. Ambrose, senior lecturer at the Institute 
of Cancer Research : Royal Cancer Hospital, has been 
appointed to the University readership in physical 
chemistry tenable at that Institute. Dr. F. A. Holton, 
a member of the scientific staff of the Experrmmental 
Radiopathology Research Unit of the Medical 
Research Council at Hammersmith Hospital, has 
been appointed to the Univermty readership in 
veterinary biochemistry tenable at the Royal 
Veterinary College. 


No, 4741 


The title of reader in chemistry has been canferred 
on Mr. G. M. Tummis in respect of his post at the 
Institute of Cancer Research : Royal Cancer Hos- 
pital; and that of reader in mechanical 
on Dr. C. R. Webb in respect of his post at Queen 
Mary College. 


Pittsburgh 


Tua following intmenta have been announced : 
Dr. Theodore Ae to be professor of physics ; 
Dr. Robert L. Wolke, to be associate professor of 
chemistry ; Dr. David 8. Feingold, to be assistant 
profeasor of bacteriology ; and Dr. Robert Silverman, 
to be assistant professor of mathematics. 


Announcements 


Dr. Mavnion Ewrma, director of the Lamont Geo- 
logical Observatory at Columbia University, has been 
awarded the John Fleming Medal of the American 
Institute of Geonomy and Natural Resources. 

Mr. F. E. Sxsorronx, deputy county advisory 
officer, Norfolk, in the National Agricultural Advisory 
Service, has been appointed director of Terrington 
and Kirton Experimental Husbandry Farms, Ter- 


rington 8t. Clement, King’s Lynn, Norfolk, in 
succeasion to Mr. A. O. Owera, who is resigning on 
November 1. 


Da. W. M. Hameron is retiring this month from 
the position of ing director of Chance Brothers 
Ltd., Glass Works, Smethwick, Birmingham, after 
48 years with the company. He joined the firm asa 
chemist in the then newly formed research labora- 
tories, and has been succeszively manager of the 
Optical Glass Department, director of research, 
technical director, 1040, and managing director, 1953. 
Dr. Hampton will remain a member of the Chance 
Brothers board. 


Dra. N. E. Oom, of Clare College, Cambridge, has 
been appointed by the South East Asia Treaty 
Organization to the chair of geology in the University 
of Peshawar, which is tenable for a year or more. 


Dr. Jons D. Kena has been appointed director 
of European research laboratories to be established 
by the Minnesota Mining and Man Co., 
Ltd. Dr. Kendall, who is a graduate of the Imperial 
College of Science and Technology, London, has been 
responsible for many years for the direction of organic 
chemical research at Ilford, Ltd., and is known for 
his work on photographic sensitizing dyes and 
developers. 

A symposium on ‘Flow Measurement in Closed 
Conduits” will be held at the National Engineering 
Lahoratory, East Kilbride, Glaagow, during Septem- 
ber 27-80. Attendance is by invitation. 


Tas first International Congreas of Food Science 
and Technology will be held in London during 
September 18-21, 1962, under the presidency of 
Lord Rank. Further mformation can be obtained 
from Ool. Francis J. Griffin, 14 Belgrave Square, 
London, 8.W.1. 

Tsu Nutrition Society (Scottish Group) is to hold 
@' symposium on “Food Habits in Britam” at the 
Institute of Physiology, University of Glasgow, on 
September 24. Further mformation can be obtamed 
from Dr. J. Davidson, Rowett Research Institute, 
Bucksburn, Aberdeen. 


A POSTGRADUATE course on “Recent Advances in 
Steroid Chemistry” is being organized by the Kingston 


September 10, 1960 NATURE 


905 


Technical College. There will be eleven weekly even- 
ing lectures by distinguished visitors commencing on 
September 28. Further information can be obtained 
from N. Lindop, Department of Chemistry, Biology 
and Geology, Kingston Technical College, Fassett 
Road, Kingston-upon-Thames. 

Peor. W. T. ASTBURY, professor of biomolecular 
physics in the University of Leeds, will deliver the 
ninth Procter Memorial Lecture of the Society of 
Leather Trades Chemists at Leeds on September 23. 
The annual meeting of the Society is being held in 
the University of Leeds during September 23 and 24. 

Taa Institute of Physics and the Physical Society 
is arranging a conference on “Diamond Physics”, to 
be held at the J. J. Thomson Physical Laboratory, 
University of Reading, during Beptember 22-23. 
During the meeting Prof. R. wed Jones will deliver the 
Duddell Medal address; he will speak on “Some 
Developments of the Optical Lever”. 

An informal discussion on the “Ultracentrifugation 
of Biological Macromolecules”, organized on behalf 
of the Colloid and Biophysics Committee of the 
Faraday Society, will be held at the Medical School, 
University of Birmingham, during September 14-15. 
Details can be obtained from Dr. D. R. Stanworth, 
Department of Experimental Pathology, Medical 
School, Birmingham 18. 

A ¥OUR-DAY course for trade union officials on “The 
Industrial Uses of Radioisotopes” is to be held at the 
United Kingdom Atomic Energy Authonity’s Isotope 
School, Wantage, Berks, during September 20-23. 
Provision is also being made to accommodate 
students. Further information can be obtained from 
the General Secretary, Trade Union Con- 
grees House, Great Russell Street, London, W.C.1. 

Taa first joint symposium, under the auspices of 
the Internation Union of Biochemistry and the 
International Union of Biological Sciences, has been 
organized by Profs. O. Lindberg and T. W. Goodwin 
and will be held at the Wenner-Grens Institut, Stock- 
holm, during September 12-17. The subject will 
be “Biological Structure and Function”. Further 
information can be obtained from Prof. T. W. 
Goodwin, t of Agricultural Biochemistry, 
University College of Wales, Aberystwyth. 

A NEW approach to training senior scientists and 
technologists in administration, based on case studies, 
has been developed at the Northampton College of 
Advanced Technology, London. This serves as a 
basis of the advanced course on “Direction and 
Supervision of Scientific and i ing Personnel”, 
which will begin on October 12 and will consist of 
meetings at fortnightly mtervals, for a whole day at 
a time, until June 7, 1961. The i and tutors 
are Mr. A. C. Leyton, Mr. Z. M. T. Tarkowski and 
Miss Avice V. Turnbull. Further mformation can be 
obtained from Mr. Z. M. T. Tarkowski, 708 Frobisher 
House, Dolphin Square, London, 8.W.1. 


Emaatum. In the obituary notice of Prof. Max von 
Laue in Nature of August 27, p. 788, a misunder- 
standing led to an alteration bemg made in the 
reference to von Laue’s obituary of Haber. The full 
quotation is: “Themistoklea ist in die Geschichte 
eingegangen nicht als der ‘Verbannte am Hof dea 
Perserkonigs, sondern als der Sieger von Salamis. 
Haber wird in die Geschichte emgehen als der geniale 
Erfinder deajenigen Verfahrens, Stickstoff mit Was- 
serstoff ru verbinden ...’’ (Naturwiss., 22,97; 1934). 
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BRITISH COLONIAL TERRITORIES 


s HE Colonial Territories, 1959-1960”, while still 
providing the convenient compendium of infor- 
mation to such publications as ‘‘Colonial Research”, 
is of alighter interest to the scientist and technologist 
than previous issues (pp. vi+147. Cmnd. 1065. 
London: H.M. Stationery Office, 1960. 6s. 6d. net). 
The section, “Research and Surveys’, has been 
omitted and also that dealing with international 
relations, and mformation on the latter topic is now 
scattered through the other chapters. Recruitment 
to the public service in overseas territories through 
the Colonial Office decreased durmg the year: 1,083 
appointments were made as against 1,885 in 1958, 
and of these, 250 were teachers, 48 agricultural 
officers, 93 engineers and 100 doctors. Vacancies at 
the end of the year totalled 866, compared with 964 
at the end of 1958. courses and attachments 
were arranged for 2,239 officers of overseas govern- 
mente, a decrease of 196. Expenditure on develop- 
ment and welfare schames and on research was about 
£24:4 million, and the estimated cost of approved 
technical assistance projects in British dependent 
territories m 1960 under the United Nations Expanded 
Programme of Technical Asmstance is 1-1 mullion 
dollars compared with 1-06 million dollars in 1959. 
Under this programme 120 experts and 20 fellowship 
holders were provided, of whom 71 experts and 1 
fellowship holder were provided by the World Health 
Organization, 23 experts and 11 fellowship holders 
by the Food and Agriculture Organization, 9 experts 
and 4 fellowship holders by the Bureau of Technical 
Assistance, and 6 experte and 1 fellowship holder by 
the United Nations Educational, Scientific and Oul- 
tural Organization. On March 31 some 30 specialista 
from the United States were serving in the African 
territories, and the United Nations Special Fund has 
approved grants of 700,000 dollars for a survey of a 
multi-purpose dam site on the Niger River, 850,000 
dollars for the engineering faculty of the Univermty 
College of the Weat Indies and 250,000 dollars for a 
survey of siltation conditions of Demerara River, 
British Guiana. 
The number of students at the universities and 
university colleges, apart from the 330 at the Univer- 


sity College of Sierra Leone, which was not mcluded 
last year, increased by 385, and of the total 218 are 
at the Royal University of Malta, 1,268 at the 
University of Hong Kong, 695 at the Univernty 
College of the West Indies, 1,112 at the University 
College, Ibadan, and 880 at the University College 
of East Africa. The Royal Technical College of East 
Africa admitted 288 students, and there are more 
than 1,000 students at the Ni College of Arts, 
Science and Technology. Under the Fulbright agree- 
ment, nine American teachers were attached to 
schools in British Guana, Malta, Western Nigeria, 
Northern Rhodema, Ugands, Zanzibar and the Weat 
Indies, two senior American research workers were 
attached to university and research institutions m 
Kenya and Northern Rhodesia, and one scientist 
contmued work on the preservation of wild life in 
Uganda. Fulbright travel granta enabled lecturers 
from University College, Ibadan, and the University 
College of East Africa, and a graduate from Kenya 
to visit the United States for research and lecturing, 
and sixteen students from Cyprus, Malta, Jamaica, 
Hong Kong, Kenya, Nigeria, Tanganyika and 
Uganda were awarded granta for one year of 
study in the United States. The use of the services 
of the Overseas Visual Aids Centre has grown 
rapidly. 

Under medical and health services the report recorda 
a localized outbreak of 117 cases of typhoid fever 
in North Borneo, but otherwise the imcidence of 
communicable disease fell, though in an outbreak of 
cerebro-spmal meningitis in Northern Nigeria there 
were 1,450 deaths. Major schemes for the complete 
eradication of malaria continued, and extended trials 
of recent drugs for treatment of leprosy continued in 
Nigeria, Kenya, Uganda and elsewhere. Studies of 
acute anterior poliomyelitis have indicated a very 
high degree of natural immunity among the 
locally born population of the Seychelles and 
St. Lucia. Mass campaigns against yawe using 
penicillin have been strikingly successful, but 
despite intensive and persistent attempts to maintain 
safe vaccination-rates, smallpox remains endemio in 
Africa. 


SCIENCE AND EDUCATION IN BRITAIN . 


WO short but interesting debates on science and 
education were held in the House of Commons 

on July 27. The first of these, arising out of a prayer 
to withhold assent to Universrty Court Ordinance 
No. 350 (Universities of 8t. Andrews, Glasgow, Aber- 
deen and Edinburgh) governing regulations for 
research students and the appointment of research 
Fellows, related to the part of the universities of 
Scotland in the revival and stimulation of industrial 
activity. Mr. A. Woodburn, who moved the prayer, 
questioned whether they are doing enough and 
quoted opinion that nerther Scottish mdustry nor 
the Scottish universities had quite come to terms 
with this age of science and technology. While 17 per 


cent of studenta m Scotland took a first degree in 
science, for science and technology the figure was 
only 11 per cent, and research studente in science 
and technology were only 8 per cent of those im 
Great Britain, and only 10 out of 17 Department 
of Scientific and Industrial Research awards to 
advanced course students were taken up in 1960 
compared with 251 out of 344 ın the United Kingdom, 
and grants m support of special researches at Scottish 
universities, while amounting to £267,000, were only 
7 per cent of the total for Great Britain. This latter 
figure was attributed to the lack of applications and 
proposals, and not to any restrictions on the part of 
the Depertment. Mr. Woodburn also remarked that 
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only 2-7 per oent of reseerch and development in 
privete industry proceeds in Scotland, and that the 
Department of Scientific end Industrial Research is 
ee re eae 

engineering. Some 58 per cent of engineermg 
students in the University of Glasgow found work 
out of Sootland ; ie S 


69 
y Tweedsmuir, who sup 
aaked for more information rica Oey ne 
ture on research and on teaching. At Aberdeen in 
1959-60 there were 91 full-time and 24 -time 
postgraduate research students, compared with 77 
and 22, respectively, in 1954-55. Research Fellows 
were very few, end the Scottish universities asked of 
this Ordinance thet they should have the same 
facilities es English universities enjoyed to attract 
research workers. Mr. G. M. Thomson, who also 
asked for further informetion, questioned whether 
the pattern of professorships in the Scottiah univer- 
sities is eppropriate to modern needs. He also 
stressed the importance of adequate finance, and sug- 
gested that more provision is required for the traming 
of postgraduate students, better facilities for those 
with a technological qualification to qualify for 
research awards and a free flow of mformation 
between the universities, Parliament and the inter- 
ested public. Sir Myer Galpern challenged some of 
these views, and suggested that much information is 
already available; he claimed that the Scottish 
universities already produce research studente of 
very high calibre. The Joint Under-Secretary of 
Btate for Scotland, Mr. Niall Macpherson, intervened 
to point out that the Government regards the matter 
as one for the universities alone, and streesed its 
desire not to infrmge their independence in matters 
of academio policy. Miss M. Herbison, referring to 
PDP cada for grante for special researches from 
of Scientific and Industrial Research, 
a a E T a a trary eae EG 
universities, 18 came from the Royal College of 
Science and Technology, Glasgow. Dr. A. E. Thomp- 
son also supported this plea for more co-operation 
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between the universities and the technical colleges, 
and for much greater facilities for exchange of staff 
between univerarties and other research institutions. 

Another debate, on an adjournment, was opened 
by Mr. T. F. Peart, who raised y the 
responsibilities of the Minister for Science and his 
relation to the Ministry of Education. After stressing 
the im ce of the contribution which British 
aci ilo man ores hoai mak bo Voar dyap 
ment, Mr. Peart urged the full implementation, of 
De La Warr report on higher educetion, in egrioulture, 
stressed the need for edequete teaching of science in 
the teacher-trainmg colleges and for a good supply 
of graduates in science from the universities who 
would take a teacher's diploma. He said he is con- 
cerned about the teaching of science in girls’ schools 
and the supply of science teachers and t for 
such schools, and asked for a major inet on the 
place of science in our economy and the functions 
and responsibilities of the Minister for Science and 
the Mmister of Education. The Parliamentary 
Secretary to the Mmister of Education, Mr. K. 
Thompson, replying for the Government, weloomed 
the debate, but olaimed that much is already being 
done to relieve the shortage of science teachers. Ho 
said that a very large proportion of the expansion of 
the teacher-trainmg colleges would be in the numbers 
of teachers qualified to teach science et various levels 
in the schools. He agreed that we could also use part 
of this expanded output to provide an introduction 
to science in, the primary as well as secondery modern 
and schools. In the main, there are, he 
said, three levels of teacher-training for science courses 
in the training colleges: the curriculum ; 
one providing for 8 main study of a science subject ; 
and the advanced specialist course in a science 
subject. The number of teacher-training college 
students in mathematics and science has imcreased 
from 600 in 1956-57 to more than 1,100 in 1959-60, 
and the net increase in mathematics and science 
graduates in 1959 was 612. Plans for university 
expansion should provide an 80 per cent mcrease in 
science graduates in the period up to 1960. 


ADULT EDUCATION 


HEARTWARMING tribute to the work of local 

enthusiasts for continued education has been 
paid by the Joint Committee for Adult Educatian of 
Queen’s University of Belfast. In its twenty-eighth 
annual report it states that “it is commonplace, when 
adult education is discussed to-day, to lament the 
crusades of the founding fathers. It is even oom- 
moner to deprecate the decline of local responsibility 
and initiative, and the abdication of sustamed and 
particular studies, in favour of the armchair and the 
printed or televised magazine. The experience of the 
Joint Committee and its officers is in contrast to all 
thie”. 

These words, to the University Council for Adult 
Education, are in general borne out by the reports 

of other extra-mural departments*. 

In spite of problems of finance, the total number 
of courses shows a slight increase, from 4,612 in 
1957-58 to 4,741 in 1958-59. The volume of work 

*U Council for Adult Boport on the Year 

Bearetary and 


nivecsities Hduration. 
1058-1959. Pp. 3. W. N. Balt, Honorary 
Treasurer, The University, 1960.) 


has remained almost stationary for the past three 
years, but these figures mask the continued decline 
of tutorial classes, a trend whioh has gone on steadily 
for several years, as is shown by the figures : 
1051-85 1955-56 1958-57 1958-59 
963 950 960 851 

Its decline must cause disquiet, but it is encouraging 
that tutorial classes organized in collaboration with 
the Workers’ Educational Association have shown a 
leas-charp fall (from 619 to 600) than others (from 
285 to 241). 

Television. has been regarded as a serious rival to 
adult education, and blamed for the decline in 
tutorial classes. It is therefore interesting to find the 
University College of North Wales, Bangor, postu- 
lating the possibility that the coming of television 
may prove an advantage to adult education in ao far 
as its better programmes tend to encourage ‘viewers 
to seek further enlightenment on the topics treated 
in them while the inferior programmes drive the 
more intelligent citizen to seek better pastures”. 


1067-58 
904 
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The number of residential courses shows & 12 per 
cent increase over the 1957-58 figure, although, as 
last year’s total was smaller than the 1955-56 and 
1956-57 figures, the gain in part represents a recovery 
in lost ground. The imocrease 1s entirely in the shorter 
residential courses, that is, those of not more than 
seven days in length. At Cambridge, where Madingley 
Hall has been used to the full extent of ite 
availability, the most interestmg and promising 
developments are thought to be those in readential 
courses. 








Tablo 1. TRENDS rr ADULT EDUCATION, 1053-59 
1053- | 1954- | 1955- | 1956- | 1957- | 1958- 
B4 55 56 57 58 59 
Religion 180 11 222 252 251 270 
Biology ii 245 258 252 274 274 204 
lH 636 685 675 681 689 719 
Visual arts — — — 370 383 431 











Table 1 confirms certain trends which have become 
discernible in adult education during the past few 
years. The reasons for thease changes are not olear, 
but speculation indicates that the hydrogen bomb 
and affairs in Africa throw up moral problems that 
turn the mmds of some men and women to a deeper 
study of the religious beliefs which have been a 
formative force in Western civilization. The Dead 
Soe scrolls combine the excitement of archsological 
discovery with the higher criticism. The contraction 
of the world ae the serious and sympathetic 
study of religions that become less strange the more 
they are understood. It is possible that courses with 
a religious content satisfy some of the interests that 
previously found an outlet in the study of philosophy 
and of international affairs. The up trend of 
courses ın the visual arta has become clearly dis- 
cernible. 
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There has been & marked improvement during the 
past few years in much of the accommodation in 
which extra-mural work takes place. Gradually, ıt 
is being recognized that adult education needs, and 
deserves, accommodation of ita own, and the number 
of adult education centres steadily increases, some 
provided by universities, some by local education 
authorities, and some by voluntary organizations. 
The University of Leeds has established non-resi- 
dential centres for extra-mural work at Bradford and 
Middlesbrough, each under the oversight of a member 
of the Department’s teaching staff acting as warden. 
The University of Liverpool has made the Royal 
Institution available as a centre for extra-mural 
courses. 

The tendency towards meeting the needs of 
special groups is discernible in the class programme 
of extra-mural departments, as well as in residential 
courses. The Edinburgh report contains an apposite 
comment on this development: ‘‘There is @ con- 
siderable demand for classes of a semi-vocational 
nature but in this field extra-mural educational 
activities are limited to work for which the university 
is particularly suited. Olasses ın Agricultural Law, 
Income Tax, Estate Duty and Company Adminis- 
tration, Industrial Law, Advanced Management, 
Effective Reading and Programming for Digital 
Computers indicate a change in the pattern of extra- 
mural work but they should be regarded as a widening 
of the scope of such work rather than a change of 
emphasis’. Oxford has embarked on a scheme, with 
support from the Leverhulme Trust, for the pre- 
paration of relevant and conveniently accessible 
teaching material—hitherto lacking—in trade union 
education. Special studies are being undertaken in 
three industries ın Oxford's area—ooal mining, 
engin and road rt—in the 
hope that the resulting material will be suitable for 
publication for use by classes throughout Great Britain. 


THE MELLON INSTITUTE 


HE annual report on research, by the chairman, 

Mr. M. B. Ridgway, to the Board of Trustees 

of the Mellon Institute for the year ended February 
29, besides a review of activities and of independent 
research durmg the year, of the research services and. 
research for public welfare, moludes a list of research 
personnel and of publications of Mellon Institute 
members durmg the year*. Fundamental research 
now represents about 20 per cent of the Institute’s 
research effort, and two new fundamental research 
groups, one in continuum mechanics and visco- 
élasticrty and the other in theoretical chemistry, 
began activity during the year. Among the con- 
tinuing grou expansion was chiefly in polymer 
science, metal physica and radiation, while in the 
epplied research groups those in the science of metals 
also ded. The independent research staff 
from 56 to 77, end 16 groups are now en- 

gaged m fundamental research. At the end of the 
year there were 42 industrially sponsored fellowships 
and projects m applied science with a staff of 210. 
Research services employed 26 profegsional scientists, 
* Mallon Institute Research 1950-1060 - The Annual Report of the 
Cha E. Budgway, to the Board of Trustees of the 


irman, Matthew 
Institute for the Fiscal Year 29, 1960. Pp. v11+383. 
(Pittsburgh : Mellon Institute, 1960.) 


and exclusive of part-time employees the totel staff of 
the Institute was 536 ; expenditure for fundamental 
and applied research during the year was 5,781,000 
dollars. 

In studies on enzymatic hydroxylation a third 
hydroxylating co-factor has now been isolated from 
cultures of Mycobacterium 607 which reverses the 
inhibition, of hydroxylation caused by tetracyclme 
and also that caused by 2: 4dmitrophenol. * In 
Morganic chemistry osmium and ruthenium complexes 
were characterized and investigations started on the 
co-ordination complexes of rbenium, iridium and 
platinum, while many basic compounds have been 
Se oi in polycrystaline form by homogeneous 

ydrolysis in the range 170-300° C. Investigations 
of the structure and properties of macromolecules 
contmued, and the streas-strain curves for a wide 
variety of cross-linked polymers revealed substantial 
agreement with the theoretically predicted form when 
measurements were made under conditions permitting 
reasonable approach to equilibrium. In raga rerets 
an improved method was developed for e 
the lattice ae GF cel tase eal sige bao 
alloys, and dhs dy of strain-induced transforma- 
tion in ailver—zine alloys in the B-phase range was 


o 
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completed, using metallographic and X-ray pro- 
cedures. In organic chemistry, triphenyl-, trimethyl- 
and tributyl- ceisler as well as 


of weak bases by sulphonio acid type of ion-exchange, 
while in physical chemistry exciton theory was 
applied to the vibrational spectra of molecular 
crystals, and the atomic co-ordinates and anisotropic 
thermal vibration perameters of a-quartz at room 
Se ee eo: 

an almost ideally imperfect 


Other work on the science of metals included the 
study of the solubility of nitrogen in the iron- 
manganese system, basic high- strength- 
enmg mechanisms for ferrous alloys, the evolution, of 
new ultra-high strength steels with a total alloy 
content not exceeding 9 per cent and the research 
end development of solid state devices for 
utilization. Research for public welfare over 
such fields as air purification, the protection of 
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artists’ materials from discoloration and deterioration, 
treatment of effluents, industrial hygiene, abatement 
of water polhttion and examination of the toxicology 


- ` of new organio chemicals. Among general research 


fi and projects may be mentioned those 
with the development of new solid catalysts 


i special 
films and film-forming starch products, determination 
of the critical requirements for the ideal industrial 
felt fabric, the synthesis of new insecticides of the 
methylenedioxyphenyl group for use in combimation 
with pyrethrins, the synthesis and evaluation of textile 
resins and softeners and the synthesis of lubricants 
and hydraulic fluids with improved stability to 
oxidation and heat. Chemical work on the genesis 
of petroleum continued, thermal degradation studies 


‘of the polyene pigments were initiated and work 


continued on the preperation and properties of novel 
types of silicone polymers and co-polymers, on organo- 
functional silicone chemistry and studies of the 
structure and properties of organosilicone compounds. 


THE NATIONAL INSTITUTE FOR RESEARCH IN 
DAIRYING 


N an official Government publioatian of a generation 
ago dairy research was defined as “the study by 
scientiflo methods of the dairy industry and its 
products, and of the fundamental principles under- 
lying its operations’. It is now almost fifty years 
since the National Institute for Research in Dairying 
was founded at Reading, and ite annual report for 
1959* illustrates how thoro that conception of 
the all-embracing nature of research has been 
developed at what has undoubtedly become one of 
the moet famous research stations in the world. 
The dairy industry begins at the farm with the 
of grassland and the production of 
feeding-stuffs for milk production, with the breeding, 
Management, nutrition and health of the dairy stock 
and with the actual production and handling of the 
milk itself. When the milk leaves the farm, other 
important sections of the dairy industry are concerned 
with ite transport and distribution, ita manufacture 
into dairy products and with the engineering and 
required for these purposes ; of course, the 
dairy industry in all ite branches is concerned that 
milk and the products made from it should be bactario- 
logically sound and of the highest possible nutritive 
value. In all this there is immense soope for scientific 
research, both fundamental and applied, and at the 
National Institute, where there is now a total staff 
of about 370, of whom 114 are scientific or experi- 
mental officers : the three principal departments which 
deal mainly with milk production problems are the 
Dairy Husbandry, Feeding and Metabolism and 
ents. The i seven 


Minot blog, Chemistry, Physios, Radiobiochemistry, 
Nutrition and Engineermg—are concerned partly 
with milk production and partly with the quality 


Remari in Bairy ng 1988: Pp. Se eT the Natonal ei ore for 
Imite for 


Gutvennlty, Headiag, 1900) 42. 


and handling of milk and with the nature and 
properties of milk products and the scientific prin- 
ciples underlying their manufacture. The main part 
of the report, ocoupying about 100 gives an 
account of the work of each of these ten i ble 
and also of the Statisti Section and the Experi- 
mental Dairy, but for those who prefer to see at a 
glance what an important contribution to knowledge 
the, Institute makes even in the relatively ahort 
period covered by this report, a brief outline is given 
of some of the most recent research This 
outline occupies only three pages, but it includes 
some 23 separate items from subjects such 
as haymaking with a forage harvester, rumen 
development in calves and work on teat-cup liners 
of various different designs, to the part played by 
certain hormones in lactation, the ultra-high-tem- 
perature sterilization of milk and problems associated 
with the manufacture of Cheddar cheese. 

The research of a basic nature includes work in 
which radioactive isotopes have been used to investi- 
gate some of the enzyme mechanisms in the mammary 
glend mitochondria and also to obtain information 
on the proportions in which various lower fatty acids 
are formed from hemicellulose and a-cellulose in the 
rumen. It includes also the establishment of an 
infusion technique whereby solutions of lower fatty 
acids can be introduced into the rumen continuously 
for long periods and relationships worked out between 
the amounts and nature of the fatty acids in the 
rumen and the yield and composition of the milk. In 
research of a more applied nature, studies have been 
made of matters such as the circulation-cleaning of 
pipe-lme recorder milking equi t and the develop- 
ment of a rapid method of lactose m 
separated milk and condensed whey whioh depends 
on infra-red absorption. Studies have been made 
also of the effect of mastitis on the yield and oom- 
position of milk. 
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Towards the end of the report a list is given of 
nearly 200 papers published by members of the staff 
during October 1958-September 1959. In the notes 
which deal with staff matters, reference ia made to 
the fact that in 1959 Prof. R. G. Baskett took up his 


NEW AMERICAN 


i order to make astronomical research facilities 
available to those many universities which cannot 
themselves afford the necessary expensive equipment, 
the National Science Foundation is providing financial 
support for the construction of two major abeerv- 
atories, the National Radio Astronomy Observatory 
at Green Bank, and the Kitt Peak National Observ- 
atory near Tucson, Arizona. 

Green Bank, in Deer Creek Valley, West Virginia, 
is at an elevation of 2,600 ft., ringed by mountains 
rising to 4,000 ft., effectively shielding the site from 
man-made radio noise. The climate is mild, and there 
are no high winds which would make operation of a 
large radio telescope difficult. An 85-ft. telescope 
was brought mto operation in October 1958, and 
since then construction of a 140-ft. telescope, labor- 
atories, residences and workshops bas been under 
way. The reflecting surface of the 85-ft. telescope, 
made of aluminium sheet, is accurate to 4 in. and 
operates down to wave-lengths as short as 8-5 om., 
at which the telescope beam width is 7 min. of aro. 
Both telescopes are on equatorial mountings. The 
moving mass of the 140-ft. telescope will exceed 
2,000 tons, yet it will be capable of being steered 
with a precision of a fraction of a minute of arc and 
will also have a surface accurate to } in. In addition 
to other small telescopes there is a horn 120 ft. long ; 
the energy which this collecta can be calculated from 
its dimensions and it is fixed so that ıt can observe 
the radio source in Cassiopeia each day, thus pro- 
viding « standard calibration source in the sky 
available to many radio astronomers. A variety of 
receivers ‘covermg the wave-length range of 8:78- 
76 om. is available, and three separate receivers 
working on different wave-lengths can be used 
simultaneously on the 85-ft. telescope. Besides being 
displayed on the chart of a pen recorder, the receiver 
outputs are digitized together with telescope position 
and time. Extensive use of digital computer tech- 
niques is already being made in analysing and 
reducing the observations. 

Among the first observations made at the National 
Radio Astronomy Observatory were a study of the 
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appointment as director of the Institute, and a brief 
but well-deserved reference is made to the retirement 
of Dr. A. T. R. Mattick, who has served the Institute 
and the dairy industry with distinction for some 
forty years. J. A. B. Sacre 


OBSERVATORIES 


radio emissions from Jupiter and a survey of the 
central regions of the Galaxy at a wave-length of 
3-75 om. showing remarkable detailed structure. In 
addition, studies are being made of planetary nebula 
and ionized hydrogen clouds, supernovw remnants 
and peculiar galaxies. 

Three years were devoted to testing the seeing 
conditions at a number of places before Kitt Peak 
was chosen as the site for the National Observatory 
in March 1958. An agreement with the P 
Indians (who call astronomers “the People with the 
ee ee ee beervatory , 

and construction of an 80-im. telescope is under way. 
This will have a coudé focus as well as prime and 
cassegrain, and will be equipped for direct photo- 
graphy, photoelectric photometry bar penro apy: 
There is also a 86-in. & casegrain 
h, and two 16-m. ae which will 
be used for bright star work. The University of 
Arizona is also moving a 36-m. telescope to the 
gite. 

On Kitt Peak there will be an optical ifgcaeet 
with some of the best testing facilities in the worl 
together with an office and laboratory building, 
dining hall and dormitory, houses and a re But 
the headquarters are adjacent to the University of 
Arizona in Tuoson, and the staff and visiting astron- 
omers will spend most of their time in the research 
offices there. 

It has recently been decided to build a large solar 
telescope on Kitt Peak. The heliostat will have an 
80-m. plane mirror feeding a 60-in., 300-ft. focal 
length concave mirror at the bottom of a tunnel 
500 ft. long. The image of the 8un, 34 in. in diameter, 
will be reflected on to the slit of a large vacuum 
spectrograph. The outside of the building will be 
maintained at ambient temperature to prevent dis- 
turbing convection currents. 

The National Observatory and the National Radio 
Astronomy Observatory will be valuable additions 
to the research facilities of universities which 
oould not, alone, bave provided them. 

Y. C. REDDE 


BIOLOGICAL EFFECTS OF EXPOSURE TO INTENSE 
RADIATION 


UNIQUE and important experiment to determ- 

ine the biological effecta of acute and high- 
level radiation exposure has recently been completed 
under the auspices of the International Atomic 
Energy Agency at the Boris Kidrich Institute at 
Vmoea, near Belgrade, Yugoslavia. Details of the 
experiment were given at a preas conference held at 
Vmæ on April 37 by the international team of 


scientists responsible for ita organization and 
execution, and a brief report of the experiment and 
the conference is published im the International 
Atomic Agency Bulletin, 2, No. 8, 3 (July 
1960). 

It will be recalled that on October 15, 1958, during 
an accident to the nuclear reactor RB at ‘the Institute, 
six persons in the immediate vicinity of the unshielded 
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reactor were subjected to high doses of neutron- and 
gamma-radiation, and two others, farther away, 
received radiation doses in exoees of the permissible 
level. After first-aid treatment at the Institute, they 
were transferred to the Centre for Professional 
Diseases in Belgrade. The six heavily irradiated 

iente were flown the following day to the Ourie 

ital in Paris to receive special treatment by 
Dr. Jammet. One of the patients was cured by 
conventional treatanent, including blood trans- 
fusions; but the other five, who had had blood- 
forming tissues in their bone marrow destroyed by the 
radiation, were given treatment involving the grafting 
of healthy bone marrow obtained from donors 
matched as closely as le with the patients by 
detailed blood testa. is method of treatment had 
proved ly successful. One of the five, 
presumably the one who had received the hi 
radiation dose, died before the treatment could take 
effect. The four others were gradually but successfully 
cured. A full report of the treatment has not yet been. 
published. The success, however, represents a land- 
mark in medical history and will intensify research in 
this field. 

It was recognized that if the effects produced on 
the irradiated persons could be related to the exact 
doses of radiation they had received, valuable know- 
ledge about the biological consequences of acute and 
high-level radiation on a quantitative basis 
would be obtamed. Although the Institute estimated 
that the irradiated persons received a total average 
whole-body dose of 683 rems of neutron- and gamma- 
radiation, these were not precise enough data, and 
accordingly the director-general of the International 
Atomic Energy Agency suggeated to the Yugoslav 
authorities that a dosimetry experiment be conducted 
by an international team of scientists at Vinca. A 
formal t between the Agency and the 
Federal Nuclear Energy Commission of Yugoslavia 
was ooncluded on February 2, 1960, under which the 


place the reactor and the laboratory at Vinca at the 


pon dt ie E ane 
instruments and services. Experts from Sacola; 


September 10,1960 NATURE 


il 


re-designed the control equipment of the reactor and 
ware responsible for the reactor start-up and opera- 
tion. The 6-5 tons of heavy water needed as moderator 
‘were provided free of charge by the U.K. Atomio 
Energy Authority and arrived at Vinca at the end of 
March. Twelve French experts, led by J. Weill and 
J. Furret, arrived with their from 
Saclay at the beginning of April, an American. 
team. of seven health physicists from the Oak Ridge 
National Laboratory, together with their highly 
i peer equipment, including four ‘phantoms’ or 
p dummies of men filled with a salt solution, 
reached Vinca soon afterwards. The reactor first 
became critical on April 20. On 22 it was 
operated at a power of 1 kW. and on April 25 at 5kW. 
Simultaneous measurements of the neutron- and 

were made at points where the persons 
in the accident in October 1958 were located. The 
energy distribution of the radiation at these points 
was Investigated, particularly the ratio of the various 
components. 

At the press conference at Vinca, the acientista 
who had taken pert in the experiment, and Dr. 
Jammet, were present. In response to questions, 
Dr. G. 8. Hurst, of the American team, stated that 
there was one accident in the United States (that 
at Oak Ridge in Jume 1958) in which investigations 
comparable to those at Vince were possible. It was 
not necessary to reconstruct the exact conditions of 
the incident. of October 1958 for the dosimetry 
experiment, because the techniques of dosimetry did 
not depend on it—in any event it would have been 
impossible to do so because of certain unknown 
factors. It was, however, important to ensure that 
the configuration of the reactor room was exactly the 
same as during the accident. 

Dr. Jammet lained during the press conference 
that not all-the Yoasslay patenti Had received thu 
same medical treatment, nor had the resulta been 
identical. The Curie Hospital had no fixed programme 
of treatment of radiation injury. There were always 
some unknown factors m specific cases and the 
problem was to make the treatment fit the specific 
needs of the case. Nevertheless, the i 


at Vinos was “another stone im the ifloe of 


our research in the medical field”. 


AVIATION HYGIENE AND SANITATION 


ENERAL provisions in the International Sani- 
tary Regulations which were adopted by the 
Fourth World Health Assambly in 1951 require 
health administrations tnier alia to ensure so far as 
is practicable that airporta in their territories have 
at their disposal sufficient organisation and 
ment for the application of the regulations ‘are 
Ee ee ee anne wet end 
effective systems for the removal and safe disposal 
of excrement, refuse, waste water, condemned food, 
and other matter dangerous to health. Certain air- 


equipped with an organized medical service and 
facilities to combet infection. There are no specific 
provisions, however, on such matters as how pure 
drinking-water is to be supplied or an effective waste- 
disposal system organized, health administrations 


being left to make their own arrangements (WHO 
Chronicle, 14, No. 6; June 1960). 

The Assembly outlined several measures that 
should be taken, in conjunction with the International 
Civil Aviation Organization, to assist Member States 
to introduce high standards of hygiene and sanitation. 
Among them was the preparation of a guide to 
hygiene and sanitation ın the operation of sirporta 
open to international traffic. This guide was prepared 
by a World Health Committee on 
Hygiene and Sanitation in Aviation. It makes 
specific recommendations on water, food, and waste. 
All water for drinking and other personal use by 
crews and , whether in the air or on the 
ground, should be free from chemioal substances and 
micro-organisms that might cause illness in any form, 
and should not only be safe but also attractive, 
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lacking turbidity, colour and le taste or 
odour. Preferably, it should oome from well-operated 
pubhe supply systems conforming with soceptable 
standards. Samples should be taken at least once 
weekly from representative points, and the resulta 
of bacteriological analysis reported to the airport 
health and operating authorities and used to 
determine whether the airport water meets the 
bacteriological standard, and, if not, what corrective 
measures are . The water supply should be 
Inspected by a competent sanitary engineer at 
least once & year and whenever are made 
in the system that might affect the quality of the 
water. 

If water must be drawn from a supply of inferior 
or unknown quality for use by crews or passengers, 
it should be given sufficient treatment to destroy 
oysts of Hntamosba hAystolytica and the virus of 
infectious hepatitis ; all the other disease organiams 
generally found in oontaminated water will be 
destroyed by this treatment. 

Food should be of good sanitary quality, placed m 
refrigerators as necessary, and kept scrupuloualy 
clean. All meat and fish should be thoroughly cooked 
before serving. In tropical countries infection with 
Ascaris is widespread, so that raw foods such as 
green salads and chopped raw vegetables should be 
avoided. All food should be carefully handled and pro- 
tected from contammation by insects and other 
animals, soiled hands, and dirty surfaces. To prevent 
chemical poisoning, vessels and utensils con 
such elements as cadmium and lead should be avoided, 
the strictest precautions observed ing the use 
of poisons around food areas, and only food of the 

i quality purchased. Because of the 1al 
hazards of foods like cream, milk and milk p 
cracked eggs (especially duok’s), ‘shellfish’, gravies 
and mest salads and dressings, preference should be 
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given to plain, simple foods requiring the minimum 
of handling. Rew oysters and other shellfish should 
not be used unless it is certain that they are fresh, 
uncontaminated, and oome from clean areas. Milk 
and milk producte should be sterilized and kept m 
bottles; and the opened bottles should remain in 
refrigerators. 

Special cleansing and germicidal E. should 
be given to dishes and utensils before use. A 

guide contains a detailed description of the 

handling and disposal of toilet wastes, sewage, air- 
sickneas containers, and refuse, at ris and on 
the aircraft. Particular oare should be taken to avoid 
spillage or open exposure, since this leads to fly and 
rat infestations. If practicable, the final disposal of 
garbage should be at a point remote from the airport ; 
if not, ıt can be burned, buried, or ground and dis- 
charged into a sewer; open pite or’ dumps are 
unsatisfactory because of flios and rets. On aircraft, 
the provision of watertight receptables, easily 
cleanable floormgs, soil-cans, tanks and wash-basins 
ig important. 

Rooms used by crews and passengers in transit at 
international airports should be effectively mosquito- 
proofed in areas where mosquitoes and flies are 
prevalent. Every day, any mosquitoes that may 
have gained entrance should be destroyed. Wallis 
and ceilmgs, particularly in eleepmg quarters, should 
be sprayed regularly with residual insecticide, in 
accordance with the recommendations of the WHO 
Expert Committee on Insecticides. 

To carry out this work, airports must have adequate 
staff, equipment and premises. The adequacy and 
efficiency of ground installations are of interest and 
oonoern to many groupe; to increase efficiency and 
o0-operation, committees, such as national and local 
facilitation committees, should review procedures 
and practices and study possible improvements. 


CENTENARY CELEBRATIONS- OF W. M. BAYLISS AND J. S. HALDANE 
IN MOSCOW ` 


JOINT meeting of the U.8.8.R.Great Britain 

Society and the Moscow Physiological Society 
was recently held at the Friendship House in Moscow. 
The meetmg was devoted to the centenary of the 
births of W. M. Bayliss and J. S. Haldane. 

The meeting was opened by Prof. V. Parin, 
president of the Physiological Soojety. Prof. K. 
Koshtoyante, a prominent Boviet physiologist and 
head of the Department of Physiology of the Moscow 
State University, discuased the life and research work 
of Prof. Bayliss. ‘Baylias’s name is one of the 
brightest inm the history of world physiology”, he 
said. Among other thmgs, Prof. Koshtoyants said 
that soon after the Civil War a State Publishing 
House was set up in the Soviet Union. It planned the 
publication of a number of major works of world: 
science, and one of the first in the list of these works 


was Baylias’s famous book “Principles of General” 


Physiology”. In 1937, Russian translations of two 
monographs by Bayliss were published. Prof. 
Koshtoyanta went on to speak of the profound 
mutual interest in, and respect for, each other of 
Bayliss and the equally great Russian physiologist 
Ivan Pavlov. It so happened that Pavlov m Ruasia 
and Baylies and Starlmg in Britam did parallel 


research on the regulation of the sotivity of the 
pancreas, but came to opposite conclusions. Aocord- 


ing to Pavlov, the gland produced ita secretion as a 
. result “of nervous signals, whereas according to 


Bayliss the gland was made to function by an active 
chemical agent contained in the blood. A thorough 
joint investigation of the dg Saar! showed that 
the Russian and the British p logista were both 
right, and as a result a fe modern gon- 
ception of the regulation of pancreatic secretion was 
formed. 

Prof. L. Shik then spoke of the research work done 
by J. 8. Haldane. Asa result of Haldane’s researches, 
he said, basic conceptions were formed of the physio- 
logy of iration. Haldane’s experiments were 
distinguished for their remarkable outward simplicity, 
which was actually the result of a good deal ee 
and precise preliminary caloulations. Unlike many 
representatives of the so-called ‘pure science’, 
Haldane was interested in the problems of applied 
physiology, and his research on the physiology of 
divers and airmen provided sorentifio grounds for 
modern practical measures ensuring man's safety in 
the conditions of changing barometric pressure. 
Many of his experiments, some of which were quite 


September 10, 1960 NA T U RE- T 


dangerous, hè. PE No wonder Some of the members of the U.S.8.R.—Britain 
that when the well-known Russian physjologist, Society. prepared for the jubilee meeting an exhibit 
A. Samoilov, urged young research workers to investi- with the portraits of Bayliss and Haldane and a 
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gate directly the human organism, as a display of Rusian. translations of their books. 
PEE -succcasful experiments. ` 


ťi 


ULLIKEN, Reiko and Brown? & now 
: type of conjugation, ‘hyperconjugation’, based. 
on, the fact that the heat of hydrogenation, of an olefin 
is appreciably decreased by the presance of alkyl 
substituents on the unsaturated carbon atom. A 
necessary effect of hyperconjugation would be to 
change thé”lengtha of the C—H bond in the alkyl 
Bee te ee ee ee 
. The C—Me distance in toluene? is 
Os SG cost cect e contend 
46 Å., compared with the normal C—O distance 
-54 Å. in ethane. It was pointed out that part of 


carbon and about one-half of the observed shortening 
was due to hyperconjugation. 
. Hyperconjugation waa considered to be responsible 
piel edie rang iri ve A yarn The ioniza- 
on potentials of methylated ethylenee‘* and the 
Dorrian spectra", were also given ae evidence for 
jugation. The view that C—H hyper- 
ominant mode of electron 


by Baker and Nathan as an 
rate and equibbrium date. The 
was in the order Me > Et > +-Pr > t-Bu, which is 
exactly the reverse of what one would expect if tho 
electron release were by the inductive mechaniam. 
Although a great deal of physical and chemical 
evidence has been accumulated in support of the idea 


of h jugation, recently there have been a 
namber ‘of observations which camot be eae : 


in æ simple fashion by hyperconjugation, and the 
situation has become controversial. 


Recent molecular structure investigations!’ in 


several laboratories, on derivatives of acetonitrile "Rao 
` of resonance interaction of the alkyl groups im the 


to a triple bond (that is, a bond between sp and sp* 
carbon atoms) is always close to 1-46 A., independent 
of the substituents onthe sp? carbon.. o it is con- 
cluded that the shortenings in the C—O bonds be- 
tween, sp and sp’ carbon atoms (0-08 A.) or sp* and 
sp? carbon: atoms (0-04 A.) may not result from 
any kind of conjugation, and that rt is likely that these 
bond contractions are entirely due to the changes in 
the covalent radius of carbon with hybridization. 
The bond-lengths in relation to hyperconjugation 
have been discussed in fair detail by Sutton’. The 
evidence for hyperconjugation from calorimetric 
data is no longer valid, since the change in the C—C 
bond energies with bond-lengths (that is, with hybrid- 
ization) was not taken into account in these calcula- 
tions. So the effects attributed to hyperconjugation 


substitution has been found to be essentially inde- 


D. A. SAKHAROV 


IS HYPERCONJUGATION NECESSARY? 


Poa of the nature ee EET cannot 
eoccounted for in terms of steric effecte’. 

The evidence for hyperconjugation from dipole 
moment date also needs to be re-interpreted. Smee 
the electronegativity of an sp or sp* carbon 1s different ' 
from that of an ep? carbon, the resultmg bonds 

any two differently hybridized carbon 
atoms) should have different polarities. In fact, 
ro has reported excellent agreement between the 

Pioren cand calculated dipole moments of C—C 
bende bs between two differently hybridized carbon 
atoms. He concludes that hyperconjugation struc- 
tares do not explain the non-zero dipole moment 
of toluene. Recently, Brown" has studied the dipole. 
momenta of alkyl benzenes and the results are not 
conclusive. 

The earlier evidence for E on the 
basis of ionization potentials and absorption spectra 
waa not unambiguous because these deal with both 
the electronic ground-states and the excited states of 
molecules. The ionization potentials of the alkyl 
groupe are found to be in the inductive 

order’*. However, a-simple molecular orbital treet- 
ment by Streitwieser and Nair" seems to indicate that 
the methyl group can be treated as a ‘heteroatom’ 
jouer a ic es ete The evidence 


from a tra has met with ẹ number of 
objections'+1*, srs Os anation based dn steric 
hmdrance to solvation of the electron-deficient sites 


in the vicinity of the alkyl substituent has been 


general, it may be said that the effect of alkyl 
groups on the near ultra-violet absorption Te 
aromatic compounds is nob consistent. 
study of the n — n* transitions of aliphatic ketones 


„and nitro compounds in different types of solvents by 


st al.1' seams to show the predominant role 


excited states of these molecules. An earlier investi- 
gation by Rao, Goldman and Lurie’ of the infra-red 
carbonyl frequencies in aliphatic ketones had indi- 
cated that mainly mductive effects were important . 
m the ground-states of these molecules. : 

The chemical evidence for hyperconjugation has 
been a subject of controversy. The Baker~Nathan 
order Me > Et > iPr > t-Bu, has been found in a 
number of reactions and has been explained in terms 
of the O—H hyperconjugation’*. ae importance of 
C—O hyperconjugation in the t- 1 group has also 
been pomted out". The relative importance of 
O—H and C—O hyperconjugation m tic and 
aromatic series has been evaluated by the application 
of the linear inductive energy relationship™.**. 
MoCaulay and Lien** have shown that C—-H hyper- 


De Ia Mare™ has discussed the possibility of OH 
and NH hyperconjugation. Shiner™,. Lewis™ and 
Taft and co-workers” have shown that hypercon- 
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jugation is one of the important sources of secondary ` 
iso effects. Shinér® considers three possible 
-effects on hyperconjugdtion: steric, substituent and 
solvent effects: Brown" has discussed the 
~ ce”of the dispersion and.mduction 
benzenes. Berliner!’ is of the opinion 
that'although the affect of the alkyl groups in indi- 
vidual reactions can be interpreted in WAYS 
_ (based. on solvent or sterio or inductive effects), 
aero mention appari 1a bo Me mot peiatectory 
general explangtion for the behaviour of remote 
alkyl groups on -the benzene ring where the Baker— 
Nathan order 1s observed. 

The information from chemical reactivity regarding 
the possible role of hyperconjugation, is not congistent, 
(ee ee ee ue Coupee ee 
‘ground-state from that in the transition state of the 
molecule. Further, there is no clear evidence for any 
-marked degree, of hyperconjugation from physical 
Imeasureménts on the ground-states of molecules. 
Those arguments. have been fi expressed by 
Dewar and Schmeising™”, who have developed a new 
method for caleulating bond-lengths and resonance 
ensrgies for. conjugated systems taking the o-bond 


classification, of isovalent conjugation and isovalent 

hyperconjugation into sub-types, Isovalent hyper- 

conjugation has been * a8 bemg more 
than 


and O—H hyperoonjugation’. OT ate eaa 


pion from "hyporoonjugation seems thimporal in“ 


` Pq o 


: ' nae 
tom d Pees À 


THE ‘GBR EXPERIMENT’ : 
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“the dionio ground-states of molecules, it may bo 
prominent in the excited `or the transition states of 
molecules. : 

I have benefited greatly from stimulating ae 
sions with colleagues in Purdue University and 
University: of California. Many of the pa referréd. 
to as appearing in Tetrahedron were lished in a 
special issue of that journal the à 
of a Conference on Hyperconjugation held at Indiana 
University in June 1958. % C. N. R. Rao* 

* Department of Inorganio and Physical Chemistry, Indian Institute 
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‘A TRANS-ATLANTIC FREQUENCY 


“COMPARISON BETWEEN CASIUM-CONTROLLED OSCILLATORS 


- By J. A. PIERCE 
Cruft Laboratory, Harvard University, Cambridge, Mass. 
G. M. R. WINKLER i 
U.S. Army Signal Research and Development Laboratory, Ft. Monmouth, New Jersey f . 
AND 


R L CORKE 
Post Office Research Branch, Dollis HIH, London, N.W.2 


R several years the temporal variation of phase, 
ee of a 16-ko. bs signal from 
observed at Cambridge 


The problem of resolving the observed fiuctuations 
of phase into components caused on the propagation 
path. and those produced by one or both oscillators 
has been attacked by choosing short periods (usually 


4 or 5 days) when operation seemed expecially stable. 
For these short lengths of time, internal evidence 
seemed to indicate that the oscillators were behaving 
in & consistent way and the observed deviations were 
taken as representing primarily variations in trans- 
mission time. The results of this somewhat dubious 

indicated standard deviations of phase of 
about 1 or 2 psec. When observations were extended 
over 24 hr., the corresponding precision of frequency 
measurement should have been about two parts in 
104. i 
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20 
Beptember 1950 
Fig. 1 
Unfortunately, all long-term frequency comper: 
standard 


‘isons 
have yielded deviations of 2 or 8 parts in 
10°. The source of this of ten times in 
precision has been assumed to be uncer- 
tainty in crystal oscillators. Proof, however, was 
that the long- 


oscillators has not been easily adoepted in some 


quarters. 
In this dilemma ,a simple 
formed during 


experiment was per- 
and October 1959. A 


Eon Rib onl be camo > be unimportait. 
This record waa, in every way, exactly similar to ane 
asty made in Cambridge, Massachusetts. 


No. 111 
terms of Atomichron No: 112. Thus, by subtraction, 


-* ‘the effects of the fluctuations of the orystal controlling 


-. thé transmitter could be removed. 

i ‘An example of the observed phase (or time of 

arrival) variations is given in Fig. 1. The Cambridge 

data show the normal day-to-night propagational 

variation of some 34 psec. Both curves indicate some 
oscilla: gradual diver- 
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~ were, however, two 


the Cambridge record was made in .” 


“5 Tabb 1. 
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ods of ten daya or so when 


difference between ‘the Atomichrons 
quite stable. 





8 9 10 11 R 


13 14 15 16 17 18 
October 1959 
Fig. 3 


“In a rooord of this sort, any chord has a slope that 


of only about two parta in 10°. To remove the 
diurnal variation ib is le to take measurements 
over 24 hr. or multiples thereof. This might be done, 
for example, from noon to noon. In this article, 
however, each day’s record (from, 15h. V.T. to 18h. 
V.T. onithe-following day) is reduced to & single value 


“in the second colunn, of Table 1. Values are missing 
for ‘October 8-10 (although some are shown, in Fig. 3) 


“FREQUEOY DIFFERMICES BETWEEN ATOMICHRONS 










































meer 
(in 10) 
R 0-7 +0-4 
327 | -10 | +08 08 -01 
rF —1:7 —0:3 02 ~—0'1 
66-7 “~12 +0-1 02 -01 
80-7 -18 -0-4 03 00 
00-5 —1-1 00 0-3 —O1 
06.0 —0-7 +0-3 0-2 -03 
104.3 —0 9 +01 03 —01 
hai -15 —0°6 0-8 —O-1 
123-3 —0:7 +01 O-+4 00 
128-0 —0 5 +02 04 00 
132 0 —0 5 +01 08 +04 
12 -0'1 
ee | 402 | -01 1a 00 
38-7 +03 -+01 13 `~ +02 
30-1 0-0 —0-3 1-1 +01 
36-1 +0°3 +0-1 . 0:8 —~O-1L 
33-8 +0-3 +0-1 
25 +02 00 
Meant —0-~4 
Boot mean squaret 08 
Standard devria- 
fon? 0°17 
cee 
* With best straight lines. 


Jase of Lg la Dat takon as rsd ay 
Inoluding a few values for intervening and subsequent dates. 
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because of a recording failure on October 9 which 
lost some of the 28 hourly values on that day. Column 
3 of Table 1 gives the frequency difference derived 
from the successive phase values of column 2. Be- 
cause of the curvature shown in Fig. 2, which may 
have been caused by the incipient failure of the 
klystron in Atomichron 112 that occurred on Septem- 
ber 27, & progressive change in frequency has been 
assumed. The deviations of column 4 of Table 1, 
therefore, imply a linear change m uency or 8 
parabolic change in time of arrival. It-will be seen that 
the frequencies are consistent to a few parts in 104. 


At the time of these observations a second Atomi- ` 


chron, No. 117, was also operating at Banbury. It 
was not mvolved in the measurements hitherto 
discussed, but beats were counted between the two 
local outputa. These were not continuously reported, 
end the sense of the frequency difference was not 
determined. The values shown in column 5 of Table 1 
have been assumed positive, for computation of the 
deviations in column 6. 

It is perhaps significant that the r.m.s. differences 
at the bottom of Table 1 ere so similar in magnitude. 
This value seems to represent the precision with 
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which two Atomichrons can be expected to produce 
the same frequency. 

The standard deviations show the acouracy with 
which the Rugby signal can be measured, in Cam- 
bridge and in Banbury, im an interval of 24 hr. This 
precision is, at least on the average, inversely pro- 
portional to the duration of measurement. Although 
there is no firm reason to assume that the frequency 
fluctuations of three Atomichrons are identical, the 
similarity between the two standard deviations ia 
striking. It appears, as suggested initially, that the 
actual fluctuations m transmission time are of the 
order of two microseconds and the corresponding 
contribution to the errors of trans-Atlantic frequency 
measurement 18 about two parts in 104, for a duration 
of measurement of 24 hr. 

greece is made to the Enginger-in-Chief 
of the Bri Post Office for the facilities made 
available at the Post Office Radio Measuring Station, 
Banbury, Oxfordshire, England. We thank Mr. 
W. N. Genna and the staff at Banbury for their 
aserstance. 
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CHEMICAL AND PHYSICAL PROPERTIES OF THE SMALL 
DEOXYRIBONUCLEIC ACID COMPONENT OF 
CRYSTALLINE CYTOCHROME B, 


By Dr. M. D. MONTAGUE and Pror. R. K. MORTON 
Department of Agricultural Chemistry, Waite Agricultural Research Institute, University of Adelaida 


“HE recent report by Kit! concerning the fraction- 
‘ation of deoxyribonucleic acid on columns of 
"Ecteola-celluloee’ prompte us to repart our experience 
with the deoxyribonucleic acid component associated 
with orystallme cytochrome b, from baker's yeast. 
Cytochrame b, orystalhzed by the procedure of 
Appleby and Morton! is a flavohsmoprotein’? oon- 
tainmg a deoxyribonucleic acid component’ and 
having L(+)-lactate dehydrogenase activity. The 
deoxyribonucleic acid component was dissociated 
from the enzyme, which had been crystallized three 
times, by anaerobic dialysis at pH 8-0 against 0 7 
saturated ammonium. sulphate solution‘ containing 
0-15 M sodium lactate and 104 M ethylenediamine 
tetraacetate. The solution of nucleic acid was 
dialysed against several changes of 0 01 M potassium 
phosphate buffer, pH 7-0 and about 500 pgm. of the 
nucleic acid were loaded on to a column (8-5 x 1am.) 
of ‘Eoteola-cellulose’ (type 20, Brown Co., Berlin, 
New Hampshire). A gradient of sodium chloride m 
0-01 M potasmum phosphate buffer, pH 7 0, was 
used to elute the components. Approximately 85 per 
cent of the material absorbing at 260 mu was eluted 
as a single peak between 0-5 and 0-7 M sodium 
chloride. Re-chromatography on the same column 
using 6 leas-steep gradient of sodium chloride gave a 
single peak between. the same limits of salt concentra- 
tion. Alternate dialysis and freeze- was used 
to concentrate the material and to avoid possible 
denaturation due to high concentrations of salt. 
Table 1 shows the optical properties of the deoxyribo- 
nucleic acid from cytochrome by. 


Table 1. OpricaL PROPERTIES OF THE DBOXYRIBONUCLMIO ACID 
YOPRALLINE OYTOOHEO 









































OCoMPONERT OF Cx mm b, 
max [ZAO mA ERO inw 
(ie) [omas cmas.)| ae) {¢ he jean (FeO mx | 260 my 
— 

260 | 6,600) 233 | 2,020) 0o82 | O81 | 019 

260 | 7,800] 235 | 4,800] 0-80 | 046 | 012 

200 | 8,650) 282 /2,740/ 076 | 085 | 087 
After removing most of the ribonucleic acid by 
fractionation sodium chloride, Kirby’s* pro- 


cedure was used to isolate the bulk deoxyribonucleic 
acid of yeast extracted from the same type of baker’s 
yeast as used for preparation of the cytochrome b,. 
The bulk deoxyribonuoleic acid was chromatographed 
on the same column as was used for the deoxyribo- 
nucleic acid from cytochrome b, A oomponent 
(fraction 6-7), comprising 15 per oent of the total 
material absorbing at 360 mu, wae eluted with 0-6- 
0-7 M sodium chloride. It will be noted that the 
deoxyribonucleic acid component from cytochrome 
b, was eluted between 0-5 and 0-7 M sodium chloride 
under similar conditions. 

Table 2 shows the base compositions of the deoxy- 
ribonucleic acid fram cytochrome b, of the bulk 
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Table 2. Base COMPOSITIONS oy DBOXYRIDONUCLEIO ACID PREPARA- 
TIONS FROM Bakwn's Yusr’ 
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* The procedures are (rolu. 4, 0). The results 


described elsewhere 
as a poreonitage OF Loba] bases the recovery was 22—06 


aro expressed as 
pat ceni Tn baoh Gane. 
E Fraction efaied between 0-8 and O7 A sodium shlocido from 


$ Appleby and Morton (rof. 4) found a bese ratio of 2-6 from analyses 
on omxyme. 


deoxyribonucleic acid from yeast, and of fraction 6—7 
There was a 80 per oent increase in extinction at 
260 my after digestion of 250 ugm./mL of the 
ribonucleic acid from o b, in 0-02 M 
magnesium chloride with 3 ugm./ml. of crystalline 
pancreatic deoxyribonuclease at pH 7-0; there was 
no initial lag in the reaction, iñ contrast to the- 
reaction of the same ensyme with*the bulk 
nucleic acid of the yeast. Therodinponent from oybo- 
See Co eee Se Geadoa Dy Pake venom pice 


been carried out, the 
at the ands of the 


A solution containing 270 pgm. of the nuoleig acid 
from cytochrome b, in 0:02 M chloride 
ab pH 7 was incubated for 16 hr. with potato 

monoesterase (free of phosphodiesterase activity) . 
and then heated at 100° O. for 2 min. to destroy the 
phosphatase activity. It was then digested with 
crystalline pancreatic deoxyribonuclease for 10 hr. 
The solution was adjusted to pH 8-9 and then incu- 
bated for 12 hr. with sanake-venom phosphodiesterase 
(free of onoesterase activity). The solution 
waa then heated at 100° O. for 1 min., and the clear 


n-butanol (100 ml.}-ammonia (1 ml. of solution, 
ages T Two components, with Rr 
0-22 and 0-30, were identified by their ultra- ` 
ee absorption spectra as derivatives of guanine. 
antl cytosine respectively. Neither adenine nor 
thymine derivatives were detected. The amounts of 
nucleosides isolated were too small to determine 
the quantities of each present with high accuracy, 
but from the estimates of the amounts released, the 
Brine a of the nuoleic acid is 10,000-12,000. 
The sedimentation coefficient of the deoxyribo- 
nucleic acid from 9 b, was measured using 
a ‘Spinco’ model Æ ultracentrifuge fitted with ilies: 
violet optics. At a concentration of 
0-008 per oent of nuoleic acid in 0-01 M potassium 
phosphate, 0-078 M sodium chloride at pH 7-0 (T/2, 
0-10) values for Sys of 5-6-5-9 svedbergs were ob- 
tained. A preliminary 
ultracentrifuge with a synthetio bo 
ated that the molecular weight of the nucleio acid is 
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10,000-20,000. No marked heterogeneity of the 
sedimenting nucleio acid was observed. We are 
eee ol ore Mae Armstrong for these measure- 


ee ee ee of crystalline 
cytochrome b, indicate that the minimum molecular 
weight of the io acid- opmponent 
of enzyme is about 5,000‘, the end-group sasays 
and work, on sedimentation establish that the actual 
molecular‘ è in solution is approximately 10,000. 
The work by Kit! on the fractionation of various 
ucleic acid preparations on ‘Hoteola- 
cellulose’ (type 20, Brown Oo.) hes shown that the 
elation pattern depends -on the method of 
isolation of the nucleic acid. Much of the deoxyribo- 
nucleic acid of low molecular weight eluted-by neutral 
salt solution appears to result from the degradation of ' 
larger molecules by a number of mechanisms includ- 
ing heat denaturation, action of deoxyribonuclease 
and mechanical cleavage when the cells are 
Nevertheless, if precautions are taken to eliminate 
ar reduce these degradative procasses, the deoxyribo- 
nucleic acid still contains material of low molecular 
weight, and so far no bulk deoxyribonucleic acid has 
been isolated which does not contain at least 5 
„oent of small compoztente. Thus the possibility 
‘the oell a complement of deoxyribo- 
- nuoleio acid of low moe weight has still to be 
considered. 


‘The function of the deoxyribontioleio acid of aryetal- 
Jine cytochrome b, is not known. It is not necessary 


of the deoxyribonuoleio | te _ for enzymic activity‘. Under conditions of low ionic 


the enzyme does not in the 
ee aise ce eae 


nucleic acid provides the necessary rigidity for orystal- 
lization of this protein. It is aignifloant that the ratio - 


-< of (adenine + thymine) to (guanine + cytosine) for 


the nuoleio acid of me b, is consistently | 
2-4-2-6, as compared with the value of 1-95 for the 


. kal: decryribonnsse agid of the esme yeast (Table 


oe 
The constancy ` of. composition indicates _that-the 
dodeysibonaniein aid of orystalline cybochtome by 
is a spedific component of the yeast cell rather than a 
small. molecule formed by random degradation of 
Tanger ii nuoleic acid molecules; m the latter case, 
the babe composition of the nucleic acid ‘would be 
to vary among different preparations. The 
base ratio found in’the component (fraction 6-7) 
qucleic acid of t ypast (Table 2) 
hasizes this copolusion.°- 
«the constancy, in behaviour ‘of diferent. p 
tions during hy on ‘Boteola-cellt 060’, 
the, sedimentation snd diffusion charactéristics, 
“and the end-group assay all indicate that the yen 
riboñūoleio acid component from crystalline cyto 
_ ghrome b, is probably a us material of 
“low molecular weight (10,000): It therefore appears 
to represent @ suitable material with’ which to im- 
vestigate the sequence of nucleotides in.-naturally 
occurring io acid. A detailed account 
of these in mene end of ee eee 
material will be reported Bere. 


1 Kat, B., Arch. Biosem. Biophys, 87, ‘ah clued: 
s Appleby, O. A., and Morton, B. K., Wetwrs, 178, 749 (1064); Pio- 


= s í 


okem. J., TL, 492 (1050 
2 Appleby, 0. A., and Morton, B. K., Bicokem, J., 78, 530 (1059). 
+t appleby, 0. 


uokeio Acids”, edit. by , 
«1, 243 (Academie Press, New York, 1955). 
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MECHANISM OF STARCH BIOSYNTHESIS 


By Dr. MARIA A. RONGINE DE FEKETE*, Dr. LUIS F. LELOIR and Dr. CARLOS E. CARDINI 


Instituto de Investigaciones nemas “Fundadón Campomar’’, and Facultad de Ciencias 
Exactas aturales, Obligado 2490, Buenos Alres 


INCE the classical work of Hanes! some workers 

conmder that starch +n vivo is catalysed 
by phosphorylase. Nevertheless, others have raised 
aate on this hypothesis. Thus Ewart e al.', from 
measurements of the ratio of inorganio phosphate to 
glucoge-l-phosphate, concluded that: “Sphosphory- 
lage is not involved in the synthesis of starch .. . 
but the role of phosphorylase in the normal metabolio 
breakdown... . is not questioned” (cf. also Rowan and 
Turner’). Furthermore, Stocking‘ reported that 
starch synthesis m leaves is mitiated in the chloro- 
plasta, where phosphorylase could not be detected. 

The problem of starch synthesis is ammilar to that 
of glycogen synthesis m annnal tissues. The synthe- 
tio role of phosphorylase én vivo has been challenged 
on the basis of the following facta: (a) the unfavour- 
able ratio of inorganic phosphate to glucose-1- 
phosphate in tissues; (6) agents which increase the 
concentration. of phosphorylase, such as epinephrine 
ey glucagon, produce glycogen breakdown' ; and (o) 

certain diseases phosphorylase is absent in the 
oo although normal or increased 
glycogen are present’. 

If theese facta are sufficient to rule out phosphory- 
lago as the enxyme responsible for glycogen synthems, 
the only enzyme which can take its place, so far as wè 
know, is glycogen synthetase’, which the 
transfer o ee from uridme diphosphate glucose 
to glycogen fi a new a-1: 4 linkage, the 
other hand, it own that uridine diphosphate 
ara ove agi avioeee. dane ea aia Thus 
enzymes catalyzing the is of sucrose’, sucrose 
phosphate’, and callose’* have been described. The 
latter is a B-1: 3 glucan” discovered many years ago 
and believed to bave a role im the Physiology of 
sieve tubes and in wound reaction in plants". 

All this suggests that uridine diphosphate glucose 
should be involved in starch synthesis. Although 
moubation of radioactive uridine diphosphate glucose 
with different plant materials usually resulted in the 
moorporation of radioactivity m the polysaccharide 
fraction, the product formed was msoluble in hot 
water, was not hydrolysed by B-amylage and was 
presumably callose. ; 

Since glycogen synthetase has been found to be 
strongly adsorbed on glycogen (ref. 70), we have 


amounts of 


freshly prepared potato starch and it was found that 
there was some incorporation of radioactivity in the 
fraction which became soluble by the subsequent 
action of z-amylase. More active preparations were 
obtained from beans as follows. Freshly harvested 
immature dwarf string beans (Phaseolus vulgaris var. 
Bountiful) were used. The cotyledons and the 
embryos were ground in a mortar with two volumes of 
water. The suspension was filtered through cheese- 
cloth and centrifuged 5 min. at 3,000 rev./min. The 
precrpitate was resuspended in several volumes of 
*Post-Doctoral Fellow of the University of Buenos Ares. 


water and recentrifuged three times. The white 
precipitate was then suspended in four volumes of 
acetone at — 15° O., centrifuged at 0° 0.; this pro- 
cedure was three times, after ‘which the 
precipitate was dried in vacuo. This preparation 
be stored for months at — 15° C. with no 
decrease in activity. 

The bean starch fraction (2 mgm. containing 6 
ugm. of protein) was incubated at 37° C. for 3 hr. 
with 0-21 pmole of uridine diphosphate glucose 
containing 7,850 countsa/min. of carbon-14 in the 
glucose moiety, 3 umole of glycine buffer of pH 8-4, 
0-05 umole of ethylenediamine tetraacetate in a 
final volume of 15 pL After incubation, 0-5 ml. of 
80 per cent ethanol was added. The soluble frac- 
tion was spotted on paper and chromatographed 
with ethanol-ammonium acetate of pH 7-5 (ref. 15). 
The uridme diphosphate and uridine diphosphate 
glucose spots were eluted from the paper and the 
absorbansy st 260 my, radioactivity and uridine 
diphosphate were measured. The insoluble fraction 
wes washed with ethanol and counted. Blanks 
without and with uridine diphosphate glucose added 
after incubation were run at the same time. Further- 
more, it was found that the bean starch fraction did 
not destroy added uridine diphosphate. 

The changes occurring on incubation of the bean 
starch fraction with radioactive uridine diphosphate 
glucoge are shown in Table 1; thege resulta indicate 
a carrespondence between of uridine 
sa ae gee glucose, formation of uridine diphospate 

and incorporation of glucose into the starch fraction. 


Table 1. AWALYAIS OF SUBSTRATES AND PRODUCTS 
ee eee oa 
Formation of an o O17" 0 018) 
Ginense-U-*0 ted into starch 
* Caloulated from at 260 ma, 
Oaloulated from radioa: ty. 


Estimated with pyruvate kinase (ref. 70). 

The identity of the product formed was investigated 
as follows. The starch fraction after incubation 
with radioactive uridine diphosphate glucose was 
thoroughly washed with aqueous ethanol, suspended 
in water, heated for 10 min. at 100° C. and then treated 
with 6-amylaso. Wheat f-amylase was allowed to 
act for 12 hr. at 87° O., and 3 volumes of methapol 
were added. The soluble fraction was evaporated, 
spotted on paper and chromatographed with butanol/ 
pyridine/water (6: 4:3 v/v) as solvent. As shown 
in Fig. la the radioactivity waa found to migrate 
like maltose. For further confirmation of the identity 
of the substance, the ‘maltose’ eluted from the paper 
after chromatograph: 7 wag submitted to electro- 
phoresis with borate buffer**. 
the radi 


biose are neatly separated from maltose. 

Similar resulte were obtained with «-amylase. 
Saliva (0-1 volume) wes allowed to act for 80 min. 
at 87° O. and the samples proceased as described for 
B-amylase. The resulta were similar that 
radioactivity appeared also in the maltotrioge spot. 


o 
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Fig.1 O) Paper Rage cromatogmy and) ) paper elec elootrophoresls l 


EE ER ETE tallow 


formulation. : 
uridine diphosphate glucose + aoneptar'< uridine 
diphosphate + a-ghucosy]-1,4-acceptor (1) 
in One the soceptor is starch. 
were oarried out in order to 


Other experiments 
study the specifloity of uridme diphosphate gluooge , 
A donor. As shown in Table 2, glucose :' 


phosphates and sucrose showed some incorporation 
of radioactivity but much less than uridine drphos- 
phate glucose. 

Sucrose has been tested as glucose donor in other 
experiments with various plant tissue preparations 
with negative resulta. The well-known ready con- 
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Tabla 2. Donor iret aaa 


weiter to" oes patid m Fablo T oven cout OA moi of pabetrates 
rn thoes iati m 1 with about 0-2 mole of substrates 
Indica ted ` 
Oounta/min. varod in 
Donor Teo’ 
Uridine diphosphate gincose ar) ne 
i T ENPTA 10000 At 
8500 ` -1% 
Glucose 10,000 9 


version of sucrose into starch in vivo might take 

place indirectly with uridine diphosphate glucose 

as an intermediate. The formation of uridme 

drphosphate glucose from sucrose has been detected 

(refs. 8, 9) and may be written, as follows: 

sucrose + uridme diphosphate = urdine diphos- 
phate glucose + fructose (2) 

The addition of reactions (1) and (2) would result 
in the formation of starch from sucrose. 

This investigation was supported in part by & 
research grant (No. G@-3442) from the National 
Institutes of Health, U.8. Public Health Service and 
by the Consejo Nacional de Investigaciones Cientificas 
y Técnicas. 
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ANALYSIS OF METABOLIC RATES AT THE CELLULAR LEVEL: 


By L G. LAJTHA, R. OLIVER, R. J. BERRY and ELIZABETH HELL 
Radiobiology Laboratory, Department of Radlotheripy, Churchill Hospital, Oxford 


URING the course of autoradiographic work 

with iron-59 and tritium, carbon-14, or sulphur-35 
labelled compounds im human bone marrow cells, 
Ehrlich mouse ascites cells, or in mouse thymus, spleen, 
and intestine, it was noticed that the grain counts over 
labelled cells ahowed a considerable spread. This 
spread was significantly greater than that for a Poisson 
distribution about a smgle mean corresponding to the 
statistical variation of radioactive disintegrations. In 
short-term incubations the grain counts over the 
labelled cells measure uptake during unit time per cell 
(that is, uptake rate per cell), and some biological 
variation is natural even in a homogensous population 
of cells, go this finding was not unexpected. However, 
variations in the observed spread warranted a closer 
analysis of the distributions of grain counts, and these 
have indicated certain qualitative differences in -the 


uptake ‘pattern of various labelled compounds and in 
different cell types. 


Theoretical Considerations 


(1) If the uptake rate is constant throughout the cell 
popapo the same amount of radioactive material 
be incorporated into each cell, and the variation 
in the grain count over cells will be entirely due to the 
statistical fluctuation in the number of dismtegrations 
occurring during the time of exposure. This would 
lead to a Poisson distribution about a mean value 
with a standard deviation equal to the square root of 
the mean. As the number of grains over each cell is 
necessarily small, this deviation will be appreciable. 
Thus for a typical mean of 45 grains the standard 
deviation would be 4/45 or 6-7, that is, about 15 per 
cent. This distribution is shown in Fig. 14. 


‘a 





Fig. 1 


Ina non-growing population of cells a constant rate 
of uptake may cate a steady rate of turnover or 
synthesis of a compound. However, same biological 
variation would be especially between the 
young and the senescent members of the population, so 
that the observed spread would exceed that of the 
ideal Poisson distribution (Fig. 14) and depend partly. 


on the relative proportions of ‘normal’ and ‘senescent’ ` 


cells. 

In a non-synchronous growing population of cells, 
theoretically a number of poasible variations in the 
rate of uptake may be considered. A constant rate 
of uptake would lead to the type of distribution of 
grain count discussed above. 


A linear increase or decrease of the rate of uptake - 


would result in an even distribution of low and high 
rates and the grain count distrihution would ideally 
follow the symmetrical type of curve shown im Fig. 1B. 
If, however, the rate of uptake increases or decreases 
exponentially, then the resulting grain count distri- 
bution would be asymmetrical as illustrated in Figs. 
10 and D. 

. (2) In @ growing cell population the cells increase 
their mass ing interphase from a ‘2n’ to a ‘4n’ 
value to yield two ‘2n’ cells after mitosis. Therefore a 
constant uptake-rate in such s population would imply 
a syntheeis of a compound (or stracture) which would 
not be functional until after mitosis, or & turnover of & 

opona (or structure) which does not reduplicate 


A lineer increase in uptake rate would correspond 
to a! constant rate of production of new, for example 
-enxyme, molecules (responsible for the uptake of the 
compound investigated) ; however, it would also mean 
that the ucer’ of the new enzyme molecules is 
not reduplicated (or if so then is not functianal) until 
mitogis. A lineer decrease would imply a similar 
constant rate of production of an inhibitor of uptake. 
Such proceases leading to lmear changes in 
rate would seem to be unlikely where the function is 
continuous throughout the interphase—a condition 
which would be indicated by effectively all cells of the 
population being labelled m short-term moubations 
(100 per cent ‘positive’ cells). However, where TON 
Dani ewa hen ID par onal he liar 
it can be concluded that the function is active only 
during part of the interphase. In such cases redupli- 
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cation oan occur in the remaining 
period , and linear rate changes may 
conceivable. ~ 
Of the possible forms of ex- 
ponential type of variations in up- 
take rate the simplest system would 
correspond to Fig. LD,, where the 
rate of uptake of a material ia -pro- 
portional to the amount of that 
material already present in the cell. 
In such a case a doubling of the rate 
during interphase would be ex- 
pected, that is, a 1:2 change. 
The contrasting situation is rep- 
resented in Fig. LD,, where the rate 
of uptake of a material is reduced 
proportionally to the amount of the 
material in question present in the 
cell. In such a case a halving of the 
rate during interphase may be ex- 
pected. 


It is possible to differentiate be- 
tween these two situations as, al- 
though the grain count dis- 
tribution curves would be identical as shown in Fig. 1, 
the distribution curves for the content of the material 
in the cell would have the same form as the grai 
count distribution curve in case of D,, but of opposite 





asymmetry in Ds. 


A situation where the uptake rate is limited ex- 
Aen Seren possibly by an y decaying 
illustrated in Fig. 101, while an Ast ti] 
palate "of an inhibitor of uptake rate is represented 
in Fig. 103. Although the grain-count distribution 
curves are similar, the content distribution curves 
would again differentiate between the two aituations ; 
for O, the asymmetry of the two curves would be 
similar, for Os opposite. 

Situations O: and Os for functions occupying the whole 
of the interphase (100 per cent positive cell population) 
would imply birth of an inhibitor during mitosis with 
subeequent decay in 01; and build-up of an inhibitor 


-with explosive disappearance during mitosis in the case 


of Oy. While such situations may exist, neither of tham 
is considered as likely for the majority of cell functions 
as situations Dı and Dy. Furthermore, in situations 
QO, and O, there is no prima facie reason why the rate 
change should be limited to 1:2; in fact, rate changes 
considerably in excess of this could be e 

In practice, the cell processes may lead to other types 
of curves (for example, sigmoid or other composite 
curves), but the above general conclusions on grain- 
oount distribution would still apply. In any event, if 
the rate changes involved are only of the order of 1:2 
it may not be poasible—as is shown later—to differ- 
entiate between linear and exponential or other types 
of curves. In cases, however, where the rate 
are significantly greater (for situations O1 and Os, and 
also probably in the case of a sigmoid curve), the 


Two special cases, where uptake is related to call 
surface area, may be considered. If uptake rate is 
roportional to total cell surface, then during one 
Aaplicataati of the cell mass uptake rate would increase 
from 1:1-6 only. Lf, however, uptake rate depends on 
surface area per unit mass (or mass per unit aree) then 
it would decrease from 1: 0-8 (or increase from 1: 1-26) 
during one duplication of the cell mass. Consequently, 


if in a growing ion of cells a change of uptake 
rate leas than 1:2 is observed, this may indicate an 
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1:08 or 1:1-26 are almost certainly indistinguishable 
from a constant rate. 


Master Curves 


The curves shown in Fig. 1 are exaggerated for the 
sake of illustration of the problem. A master curve 
was therefore drawn for normal distribution with a 
standard deviation of 30 per cent, corresponding to 
standard deviations of 15 cent for a mean grain 
, aod of 25 per cent for 


greatest spread of grain count distribution which could 
be expected for a population having a nominally uni- 
form uptake rate. 
Tn order to represent the conditions with a linear or 
tial increase or decrease in uptake rate the 
case considered was for doubling of the rate during 
the period of uptake. A composite curve was oon- 
structed by the summation of five normal] distributions 
with means at 1-1, 1-8, 1-5, 1-7, and 1-9, and standard 
deviations of 30 per cent, the relative peak ordinates 
corresponding to the proportion of cells which would, 
in each case, lie ideally within that range of uptake 
rate (1:0-1-2, 1-2-1-4, ete.). This procedure, of course, 
Sion thn oleae cies E the trees CE alk 
count distribution curve shown in Fig. 1, but was more 
likely to provide distributions similar to those expected. 
in biological material. The two ourves thus calculated . 


for situations B and D respectively are ilustrated.in’ , 


Fig. 2. The in the exponential case, 
although still present, is leas marked, and differentie- 
tion in practice is unlikely. 


pè 
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0-5 10 1-5 2-0 
Vig. 2 —, liwar SD. 30 per oent; —---, exponential S.D. 
30 por cent 
In making comparison between these theoretical 
curves and distributions observed in practice the 

absolute values of the abscissm have no 

only their relative variation. Therefore, to facilitate 
matching with experimental curves, all the theoretical 
ST a a 
and a peak value of 10, and with a 

abscissa scale al Gish: Wis oaar ea Pa eared 
without changing their shape. 


Experimental Examples 


Autoradiographs were from smears of 
(a) human bone marrow cultures after two hours 
incubation with iron-59, (6) human leuksamio lym- 
phooytes after three hours incubation with methionine 
gee and (c) mouse thymus imprints 30 min. 

administration of thymidine labelled with 
ard) The autoradiographs were exposed long 
ee ee ee 

cell (the optimum grain count depends on the 
mize: of the cell and on the ), and grain 
counts were performed on 800-900 cells of the same 
type (that is, basophilic normoblasta, small lympho- 
cyte, large thymocytes). 
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As only a limited number of cells was counted m 
each experiment the grain count distribution curve 
obtained waa, in general, not smooth. In order to 
provide a ‘best’ smoothed distribution the results were 
considered in ranges of grain count 1-10, 11-20, ete. 
For each group the total number of cells was plotted 
against the actual mean value of grain count for that 

. For comparison with the theoretical curves the 

curve obtained was on semilogarithmio 
paper with a (imear) ordinate of 10. Where mor 
than 500 were counted it was still possible to 
obtain a smooth curve in this way considering ranges 
in grain count of 5, thus giving a more accurate form 
of the distribution. 

In cases where the proportion of labelled oells in a 
population is significantly below 100 per cent, it is- 
advisable to over-expose some alidea to differentiate 
between the truly negative and ‘false negative’ calla. 
The latter may occur in populations with great ranges 
in uptake rate. 

Caution is indicated with histological sections, as 
loss of partas of cells may affect the apparent range of 


population). It is clear that the iron-59 curve does 
not fit the normal distribution curve with 80 per cent 
S.D: (Fig. 3) but fits the exponential curve (situation D) 
rermaskatly well Ag: 4). This, m conjunction with 
.the early appearance of heavily labelled reticulocytea 
which is observed after a tracer dose of iron-59 (Suit 
et a}. (1957); Lajtha and Oliver (1960)) is taken as 
mien of an exponentially increasing rate of 
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Fig. 5. ++, sulphur-35 X-~-xX, 


n methionine; 
(3.D. 30 per cent) 
uptake of iron-59 (hæmoglobin synthesis) in the 
dividing population of basophilic narmoblasts. 

Fig. 5 shows the findings with methionine labelled 
with sulphur-85 in the small lymphocytes of human 
leukwmic blood. This i tal curve fites the 
normal distribution remarkably well, suggesting that 
the rate of methionine sulphur-35 uptake is constant 
(? turnover) in this apparently non-growing popula- 
tion of cells (these cells do not synthesize deoxyribo- 
nucleic acid), 

An entirely different gram-count distribution curve 
is obtained with thymidine labelled with hydrogen-3 
(a deoxyribonucleic acid label) in the large th 
(Fig. 6). This curve is considerably broader than the 
exponential increase from 1:2; in fact, it indicates a 
Tate difference of the order of 1:5. On consideration 
this finding may not be unexpected ; even if synthesis 
of deoxyribonuoleic acid proceeded at a constant rate 
along the length of every chromosome, there are signi- 
ficant differences in langth between individual chromo- 
somes. In a non-synchronized population of cells with 
40 chromosomes (mouse), therefore, cella may occur in 
which at a given time all 40 chromosomes are in 


normal 
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deoxyribonucleic acid synthesis, and othersin which, for 
example, only the last ends of the longest chromosomes. 
indings similar to that of Fig. 6 have been obtained 
with lich mouse ascites cella (thymidine labelled 
with hydrogen-8) as well as human bone marrow cells 
in which formate labelled with carbon-14 was used as 
deoxyribonucleic acid label (46 chromosomes). 


Conclusions 


The examples illustrated above indicate that auto- 
radiographic grain-count distribution curves (coupled 
in same cases with content distribution curves) may 
be usefully employed in analysis of nature and rates 
of metabolic processes at the cellular level, information 
not easily obtained by other methods. Investigations 
with different labelled precursors in various normal 
and abnormal cells are in progress; detailed results 
will be published elsewhere. 
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TERMINOLOGY IN PLANT- AND SOIL-WATER RELATIONS 


By Dr. R. O. SLATYER 


Pror. S. A. TAYLOR 


-Dlvislon of Land Research and Regiona! Survey, AND Department of Agronomy, Utah State Untversity, 


Commonwealth Sclantific and Industrial Research 
Organbation, Canberra 


T the recent symposium on plant—water relations 
m arid regions, organized by Unesco at Madrid 
(Nature, 185, 485; 1960), the terminology currently 
used in this fleld aroused much interest. The follow- 
ing notes summarize the main points brought forward 
at a special discussion on this subject. Because of 
the interest created, the delegates suggested that 
these notes be published for the mformation, use and 
comment of all biological and physical scientists 
interested. 

(1) The water relations of soils and plants have long 
been described by terms which are thermodynamic in 
nature, but which have usually been expressed in 
terms of equivalent pressures. This has led to what 
can be described as a ‘hydraulic’ terminology with the 
terms ‘total soil moisture stress’ (TSMS)! and ‘diffu- 
mon preasure deficit’ (DPD)* being the most common 
in soil and plant studies respectively. Alternative 


terms for diffusion pressure deficit, which are com- 
monly used in Europe, include ‘suction force’® and 
‘suction preesure’*. Alternative terma for TSMS 
include ‘pF’ (ref. 5). 

(2) While this terminology has frequently provided 
a satisfactory description of the phenomena dorel 
its value is limited for the following reagons : 

(a) The use of pregsure terms unite is mislead- 
ing because in soil and plant systems situations 
normally exist where a high equivalent pressure or 
suction can be measured. However, this value 
represents a potential energy only and no water 
movement can be expected unless gradients of 
potential exist. 

(6) With reference to the vacuolated plant cell 
the simple equation : 


DPD = OP — TP 
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where OP is oamotic pressure and TP turgor pressure, 
has been in use for many years and has provided a 
useful interpretation of the ocell-water relations of 
adult mesophytic leaves. Ideally, however, it only 
refers to a oell which is completely vacuolated. In 
many plants, the volume of ocell wall can reach 
significant proportions and in xerophytic and sclero- 
phytic tissue the volume of the vacuole can be less 
than one-half of the total call volume. Accordingly, 
rigid use of this simple terminology can mtroduce 
errors and may prevent an accurate interpretation 
and description of the phenomena observed. 

(c) Even though the most common terms in the 
present terminology—‘total soil moisture strese’ and 
‘diffusion pressure deficit’—are regarded as pressures 
and expressed in pressure terms, not only are they 
thermodynamic in nature but also they are measured 
by thermodynamic methods—for example, by measur- 
ing equilibrium vapour preasure or osmotic potential. 

(3) Because of these weaknesses in the present 
terminology it is thought that a definite step forward 
would be achieved by adopting more beaic thermo- 
dynamio terms and units which would enable all 
the factors contributing to the thermodynamic state 
of water to be adequately described and assessed. 
Both diffusion pressure deficit and total soil moisture 
stress are expressions of the Gibbs free 
energy of the water in plant and soil systems respec- 
tively. To this extent the reversion to thermodyna- 
mic terms and units is a simplification rather than a 
complication. eee ee , Edlefpens, 


function is considered to be the 
most appropriate odynamic function and the 
moet appropriate term is considered to be ‘water 
potential’, that is, the chemical potential of the water 
in the plant or soil. Thus, water potential is the 
difference between the partial speciflo Gibbs free 
energy of water in the system under consideration 
and of free pure water at the same temperature 
(which is the reference state). There are several 
alternative methods for expressing water potential, 
as can be seen from the thermodynamic identity : 


Atty = ReTlndy = ReTinp/p, = VelP — P.) 


where Ape is the water Re the gas 
constant gram of water, T the absolute tempera- 
ture, Gy the activity of water, p/p, the relative 
preasure, V » the specific volume of water and (P — P.) 
the difference that oan be associated with, 
for example, hydraulic head or turgor pressure 
(5) Lf we choose (P) and mass a fra ioe of 
water (w) and of solutes (nj) as independent variables, 
the differential form of the Gibbs equation for the 
component water (uw) can be written for the homo- 
geneous isothermal state as follows: 
+ Lael 
‘ay — 1) Py 


dyw = [r] + [i SE 
POE e E e 
variables that are held constant in the evaluation. The 


uw 


component JP 


is the specific or molar volume 


of water (Vw), and is found by plotting the change of 
u» with respect to changes in P for the water in the 
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soil and plant system. It can be identified as the 


turgor prewuro in planta ar as hydraalic pressure in 
saturated soils. The component 


[$5] 
5 PAm — 1) 


is the slope of the curve found by plotting water 

ial as & function of the concentration of one 
solute, with pressure, water content and all the dthet 
solute concentrations held constant. It is summed 
over all the ïj components to give a complete oamotic 
potential. Following the notation of Guggenheim 
(ref. 12, p. 207) the term is given the symbol 


Dye | = z ( al This term isanalogousto that 


of ‘osmotic pressure’ now in use. The term [3] 
P 


is the elope of the curve found by plotting the water 
potential uw against water concentration at constant 
pressure and solute concentration. This is the 
moisture retention curve and is aasociated with the 
soil moisture tension or soil suction as now used. The 
term will also describe the condition of water within 
the cell walls or the calloidal system of the protoplasm 
pot antet DE Popo nnd “at tel Ay kone ge 
| Sree fll It is effectively measured as a 
relationship for plant tissue. 

(6) As written, the above expression refers only 

to isothermal situations. If required, an entropy 
ocak Gi bs enticed to permit dsecriptibn ef nan 
isothermal situations : 


due = [3p] ar + a [SS] ay 


E 

Ow) dn He | a7 
peos + [Sar 
where T is temperature and [2] = — Se, 


Pred 
where S, is the specific or molar entropy of the soil 
or plant water. 

(7) Although the differential form of these expres- 
sions is more comprehensive and descriptive, the 
integral form is more straightforward and provides 
a more‘direct transition from the existing terminology. 
For example, ane can write : 


hy 
Auw = Ve AP + Date + frdnu 


when A uw is the water potential, Vw is the specific 
vohmme of water, AP is turgor pressure or hydro- 


statio pressure, Datu = [Duu is the osmotic poten- 


tial, and (<idne is the matric (adjectival form of 
1 


‘matrix’) potential, + is the slope of the water-release 
curve and ny the water content expressed as a mass 
fraction, but which oan be in any concen- 
tration unit that is consistent with the unite used for 


expressing T. 
Normally A py» will be negative since the potential 
of soil or plant water is lees than that of free pure 


924 , 


water which is the reference. In plant and soil 
systems A P will normally be positive-since turgor 
pressure and hydraulic pressure are usually greater 
than atmospheric . In applications to 
unsaturated soil A P can be either positive as in the 
pressure membrane apparatus or negative as with 
water inside a tensiometer.. The osmotic potential 
(Dxjtw) will be negative or zero since the concentration 
of solutes in soil or plant solutions is never leas than 
in free pure water. The water content (w) will 
always be leas than pure water sinoe the soil or plant 
will dilute the water and the complete matric potential 
will be negative. 

As systems become more complex and, more inde- 
pendent variables are necessary to describe the status 
of water in the system ; additional terms may be added 
to the thermodynamic equation to include the new 
variables. Likewise, external force fields such as 
those of gravity and electricity oan be scoounted for 
by adding terms to the equation (ref. 12, pp. 408, 410). 

(8) While these expressions may appear more 
complicated than the more straightforward hydraulic 
equations, it is apparent that the same componente 
can be identified and the same techniques can be 
employed in measurement. For example, the water 
potential (Ay.) may be measured in plant tissues 
using the same methods as are at present employed 
for measuring DPD 4, It may be measured in soil 
by ining the equilbriom vapour pressure of 
soil cores'*-1* or by measuring the several components 
separately and ing them together. The osmotic 
potential (Daw) will be measured in plant systems 
m the same manner ag the oamotio preasure of the 
cell sap is at present measured”. Likewise, it may be 
measured in soil systems by determining the osmotic 
potential of the extract at saturation and adjusting 
the value to actual soil water contents". The 
hydrostatic or turgor pressure (A P) is not easily 
measured in plant tiasues. In soils it is measured 
with piezometers. The slope of the water-release 
curve (+t) can be obtained by simultaneous measure- 
ments of Au» and water content. This may be 
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effectively obtained for soile by the use of pressure 
membranes, preasure plates or tensiometers that are 
permeable to solutes. Vapour pressure equip- 
menti, may also be ubed, providing adjustments 
are made for the solutes that are present. Weetherley 
and Slatyer’* have described an effective method for 
lante. 
j (9) At present the most oommon unita of expression 
are the units of atmospheres or bars. In 
order to interpret these values in free energy unite, 
it is desirable that a unit of similar numerical size 
be adopted. The unit of joules kgm.-' is suggested, 
although ergs gm.~! could be used without difficulty. 
One erg gm.—! is equivalent to a preasure of one dyne 
com.-*? multiplied by the specific volume of water 
(which is unity). The numerical conversion from unite 
of pressure to units of energy may be made as 


1t. < 1.019 bars. LOLA 3t 10 tiem oe 
cule kgm. ~ = 10t ergs gm.—? dp 10* dynes cm. = 10—* bers = 
10° dynes “HI oule kgm.— = 10* ve 
1 bar = om. 00 - 
# ; Thee in. water 


1 Ruchards, L. A, and Wadleigh, in “Soll Physioal Conditions 

and Plant Growth”, retieteh, 0, Ba ? 73 (Academic Press, Ino., 
New York, N.Y., 1052). 

1 Moyer, B. B., Plant Physiol., 90, 142 (1945). 

* Ursprung, A., and Blum, G., Ber. dewt. dot, Ges., 34, 88 (1916). 

i Stiles, W., Bicohem. J., 16, T27 (1082). 

* Bohofleld, B. K., Trans, Third Int. Gong. Soil Bol., 8, 37 (1935). 


T. O., Plant Physiol., 28, 580 (1051). 
T. 0. Physiol., 286, 665 (1051). 
8. A, Soil Sa., 86, 83 (1058). 


i 


ie 


S.E Y., 
ie ies 
11, 3409 (1958). 


i: and vemant of Baline and Alkali 
bee Garg ee No. 60 (1954). 
and Ogata, Gen, Solencs, 128, 1080 (1058). 
and Owen, e» J. Set, Insir., 38, 443 (1958). 

O., Nature, 179, 1085 (1957). 


A GENETICALLY DETERMINED ENZYME IN THE PIG 
By Da. K.-B. AUGUSTINSSON and Dr. B. OLSSON 


Institute of Organic Chem! 


and BiochemIst 
Department of Animal Nutrition, 


, University of Stockholm, and 
enetics and Hygiene, 


Royal Veterimary College, Stockholm 


G blood plasma contains two esterases, an 
acetylarylosterase and a butyrylcholinesterase’.’. 
Both enzymes hydrolyse sromatic esters, for ex- 
ample, phenyl scetate, arylesterase being approx- 
imately 100 times more active toward this substrate 
than cholinesterase when hydrolysis rates are com- 
asi In contrast to the 


with 
activity values ranging from 0 to 200. In previous 
reports’? the values for arylesterase activity were 
expressed per 0-1 ml. plasma (instead of 0-02 ml., as 
in this communication) and were not corrected for 
cholinesterase activity. These values, therefore, are 
not directly comparable with those given above; 
they may be saab ani however, by 
subtracting 


dividing 
previous values by 4 and with 10, 


which 1s the mean activity value per 0-02 ml. plasma 
for cholinesterase hydrol: ae acetate.) Those 
values were obtained with whole plasma and phenyl 
acetate in the of prostigmine, which 
selectively imhibite cholinesterase. Plasmas from 
all new-born piglets so far studied had very low 
activity in hydrolysmg phenyl acetate. We have 
recently demonstrated’ that the low activity at birth 
and also of certain adult animals is almost entirely 
due to cholinesterase, and is not due to the presence 
of an inhibitor. Previous experimente also demon- 
ee nt a ae ee 
activity of so iglota during first weeks of life 

with the increase in plaama albumin 
concentration, and that this increase in activity is 
gene-controlled. It was not possible, however, to 
explain how the various activity-levela are genetically 
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determined and/or which type of gene mteraction is 
most likely. 
The results obtained recently in work with a 


phenotypes 
Sue rool had tho PAAIE of pla Ey EENES 
ia genetically controlled and made it possible to put 
forward tha following te pothacia for guno interaction 
in, the formation of this enzyme. The various pheno- 
types of adult animals are produced by the interaction 
of multiple allelic genes : 


among adult animals (at least two months of age) 
are produced as the manifestation of additive effects 
of two allelic genes, for example : 


groups, corresponding 
esterase activities 75, 25 and 0. One sow from each 
group of the offspring obtained after crossing & boar 
i pa TPE ded ag Oa ee 
‘was used m beack-cross tests. A sow of 
100 segregated into two phenotypes, 75 and 25. In 
back-cross tosta, sows of either of these phenotypes 
ted into two groups, 75 and 0, and 25 
that the 


in, matings with sows of phenotype 50 (genotype 
aA,) and the same father. Theee experiments sup- 


ported iho Eypothoda ties four allelio genes produced 
the various phen, 


lesterseo activity (75), three pheno- 


. 925 


types were obtamed im the offspring in accordance 
with Mendelian mheritance. It was easily concluded 
that the genotype of both parents was aA, and the 


three of the offspring ety tly and aa Tho 
threo genotypes, A,4,, ad 
offspring of a boar of phenotype 25 
sow of p 125 eae, 


observation of four phenotypes in progen: 
orn o eee or Peete ee noe a 
type 100, Ve aye of eh ee aA 


AAs, similar segregation was 
obtained in the ii mating : 
97564, X S25 aA, 
Me ee ay 
os sá, 4, Aids 


arylesterase in 
adult pigs is genetically determmed, and that the 
sake 


that the variation in activity is 
not due to the presence of activators or inhibitors. 
The various activities observed may be due to the 


pame protein, the concentration of which 
varies or the activity of which is different m 
various phen: The first explanation is the more 


sativity of various Hienveypee Base tock observed. 
iieesfors, conslide thas the varices activity- 

al ol SADEN cotati esl ieee 

concentrations of the same enzyme protein, 


multiple This synthesis i 

probably enzymatically controlled, and the activity 

of the enryme(s) involved is (are) directly influenced 
by gene action. 

We have no explanation so far ag to the mechanism 
underlying the formation of the series of allelic genes. 
The existence of multiple activity-levels makes likely 
the OaE duplicate, rpe and quad- 


ruplicate gen to the allelic genes 
Andee A This means that theee alleles are to 
be as the result of duplication, otc., of gene 


aas invoghigetion. hae Bes nobelo BY 

investigation has ported 2 We ae 

ck Wn BOs Meds Wess Coa 

grateful to Prof. A. Hanason and Dr. 8. 

Animal Institute, Wind, Sweden, for pr 

mision to. use the livestock of that Institute 

* Angustinsoa, E-B., Nature, 181, 1786 (1058); Aca Chem. Scand., 
571 (1050) 


A K.-B„ and Olsson, B., Biochem. J, 71, 477 (1050). 
2 Angustinwon, K.-B., and Cimon, B., Biochem. J., 71, 484 (1050). 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


The Solar Flare of June I, 1960 


. A SOLAR flare in the 8+ category of importance and 
-of exceptionally large extension was observed on 
June 1 at the Royal Greenwich Observatory, 
Herstmonceux, and at a number of other solar 
stations in Europe. We have recently been analysing 
the film in Ha lght taken with the Lyot heliograph 
at the Royal Observatory, Cape of Good Hope, which 
gives a complete record of the flare at 1-min. intervals 
under cloudless conditions. 

The spot group over which the flare oocurred was 
of complex H-type containing 24 spote and had 
extended rapidly m area since ite first appearance 
on the east limb on May 29. The flare began at 
0823 v.t. and developed rather slowly until about 
0837 when the ‘flash’ phase occurred with a rapid 
increase in area and intensity at the main centre 
(N., 30° lat.; E., 50° long.). The test extent 
of the emission filaments was reco at about 0900 
(Fig. 1) when the measured area was 27 (unit = l aq. 
degree heliographio at the centre of the solar disk). 
If we correct for foreahortening, the heliocentric 
angle (h) being 54°, we obtain a corrected area of 
46 square degrees, or 2,230 millionths of the hemi- 
sphere, which makes this -flare one of the largest 
observed in recent years and comparable im area 
with that of July 25, 1946. 

From the measured oo-ordinates we have -re- 
plotted the sbape of the flare as it would have 
appeared had it been seen on the Sun’s central 
meridian. The emission filaments in this way can 
be seen to extend across the spot group in a north- 

N 





8 
à Glass P flare of Juma, 1. 1900 0000 0-2.) maoorid wiin 


the A o , Cape of 


east — south-west direction for a distance of 290,000 ° 


km., and some of the isolated outlying bright regions 


were located 200,000 km. to the south of the main - 


The Tatafleld Receiving Station of the B.B.C. 
(engineer-m-charge, H. V. Griffiths) reported a very 
severe sudden ionospheric disturbance occurring 
from 0887 until 1200, absorption remaining greater 
than normal until about 1400. In the peak period 
about 0800 all communioations at high frequency 
were affected. 

In the geomagnetic field a sudden commencement 
was recorded at 1800 on June 8, and this was followed 
by a minor storm (Kp max. = 7) lasting for two 
days. However, the distance of the flare from the 
Sun’s central meridian reduced the probability that 
a magnetic storm would follow, and the long time 
interval between the flare and the sudden commence- 
mént, 8.0. (57 hr.), suggests that this particular storm 
was caused by particles emitted from a subsequent flare. 

A fuller acoount of the flare will be published 
elsewhere with accompanying light-curves. We wish 
to expreas our thanks to the staff at the Royal 
Observatory, Cape of Good Hope (under Prof. R. H. | 
Stoy), for the fine film record ; J. Churms, im charge 
of the Lyot heliograph, assisted by Mrs. E. Fiamingo, 
J. D. Laing, R. Lake and D. 8. Malan. 

M. A. ELLIBON 
Susan M. P. MoKENNA 
J. H. Rep 
Dublin Institute for Advanced Studies, 
School of Cosmic Physica, 
Dunsink Observatory. 


Effect of Upper Atmosphere Wind on 
the Rotation of Satellite 19583! 


Onanaus in the rotation of 195831 (Sputnik 3 
rocket) can a be explained by, and give 
additional evi of, strong westerly wind in the 
upper atmosphere. According to Merson, King-Hele 
and Plimmer? such air-flow, accompanying the Earth’s 
rotation, accounts for observed effects in the move- 
ment of the orbital planes of satellites. 

The rotation period of 195831, estimated from ite 
regular fluctuations of brightness, increased at a 
decreasing rate, from just over 8 seo. in June 1058, 
to about 9-5 seo. in mid-November. It then de- 
creased by at least 0-8 sec. during the last few days 
of flight, as-noted, for example, by Carr, Stewart 
and Benne’, Late in July 1958, the rate of increase 
decreased significantly. This effect is mentioned by 
Eaipova and Zverev”. It coincided with entry of the 
perigee into denser ical atmosphere ; King-Hele 
syd Walkeri foundl-a change ia ES cele of date oF 
the orbital period at this point. 

Air resistance at i alone would be expected 
to exert @ progressively imcreasing deceleration of 
spin. The observed behaviour reveals an opposing 
acceleration, which moreased with the air density at 
perigee, and in the end became dominant. 

Esipova and Zverev determined from visual 
obeervations that the rotation axis was transverse 


No. ATAR 


ee EE ee E E EE E TE E 
Since the observed ‘flash period’ always increased 
slightly with increasing flight range of obsdrvation, 
the rotation was with to the weest- 
toast transits observed and, therefore, clockwise as 
viewed from the north. 

Such rotation would be most sensitive to accelerat- 
ing ‘windmill’ behaviour, generated by the crosa-wind, 
~ when. the satellite passed northwards through perigee 
in the relatively dense and fast circulating tropical 
atmosphere. ` This condition would apply from late 
July 1958 onwards, and the effect is likely to have 
increased considerably when the altitude decreased 
shortly ‘before fall-in. 

Each feature of the rotation thus appears to be 
acoounted for, perhaps more convincingly than in 
terms of meteorite impect, material ablation or even 


` foroes of electrical or magnetio origin. It may be 


that only very long, light-weight objects such as 
cylindrical balloons and empty rocket cases will show 


_ this type of response. 


O. R. Fava 
7 Womma Road, 
Elizabeth North, 


7. South Australia. 


* Memon, 2. H, King-Hole, D. G., and Piimmer, R, N. A., Nature, 183, 
‘Carr, P. IL, Stewart, B. ML, and Benne, J. H., Amer. J. Phys., 28 
thy: oe 11960). 


“4 MLL, and Everev, M. B., Axr. Sowt aa SSSR., B, 4, 12 
Farnborough ‘Trans. 842.) 
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(1060). (RLH. Lab. 
« King-Hele, D. G., and Walker, D. AL O., Nature, 18%, 860 (1055). 


RADIOPHYSICS 
Possibility of detecting lonospheric Drifts 


i froni the Occurrence o! Spread: F echoes at 


Low Latitudes 


Doarme the course of an in ion concerning 
the extent of the scattered and diffuse 
echoes tly observed during the night hours at 
high’ and low magnetic latitudes (spread F) an in- 
teresting phenomenon was observed. ‘Times of 
occurrence of spread F echoes on ionospheric sound- 

ings taken 15 min. during September and 
October 1957 at four stations in Pera (Talara, Chio- 
layo, Ohimbote and Huancayo—average separation 
about 850 km., aane a dip fom & toh) sence 
suggested that the patches of irregularities thought 
to be producing the spread F were often observed 


. successively at each of the four stations. For ex- 


i 


ample, an occurrence of spread F might be observed 
to begin at, say, 0015 hr. at Talara, the north-western- 
most station, at 0045 at Chiclayo, at 0100 at Chim- 
bote and at 0145 at Huancayo, the south-eastern- 
most station. This was particularly marked 
for the relatively shart occurrences (leas than about 
2 br. in ao that were observed 
e ploal half of the night. As the stations 

approximately along & straight line, it 
is not possible to deduce unambiguously the magni- 
tude and direction of the suggested drift. It has 
been shown, however, that the geographic north-south 
component of the night F region drift is usually 
small at these latitudes'. Therefore, on the assump- 
tion that the drift was wholly m the magnetic 
east-west direction, magnitudes of the geographic 
east-west component of the apperent drifts in- 
dicated by the F occurrences during Septem- 
ber and October have estimated. A mean appar- 
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ent drift velocity of 135 m./s. towards the east was 
obtained for period 0000-0400 hr. Skinner, Hope 
and Wright, using the Mitra technique at another 
equatorial location (Ibadan) during the same period, 
observed a mean east-west component of F region 
drift of about 110 m./s. towards the east". The degree 
of agreement suggests that drifta, either of the patches 
of irregularities giving rise to the spread F echoes or 
of the disturbance producing the irregularities, may 
per ii in sete pert in the occurrence of spread F 


‘at low latitudes 


. A more comprehensive study of spread F occur- 
rences along the Peruvian chain of stations during 
the International Geophysical Year period, including 
a full interstation correlation analysis, is now being 
completed and will be published elsewhere. 


R. W. Karont* 


National Bureau of Standards, 
Boulder, Colorado. 
Aug. 3. 


* On leave at the Cavendish Laboratory, Oambridge, England. 
1 Purslow, B. W., Nature, 181, 35 (1968). 
" Bkone, W. J., Hope, J., and Wight, R. W., Meters, 183, 1368 


PHYSICS 


Thermal Expansion at Low Temperatures 


CONSIDERABLE experimental data have been pub- 
lished! on the heat capacity O of solids, extending 
to which are very low in relation to 
ther istic temperature 6; data are avail- 
able in the temperature region T' ~ 0/100, where the 
Debye continuum model may be expected to apply 
and where for metals the electronic contribution 18 
important. Complementary information regarding 
the thermal expansion coefficient, a, is desirable as 
it would throw additional light on the lattice dynamice 
of solids, particularly the anharmonic nature’ of tthe 
interatomic forces aa evidenced by the rae oa 
parameter y = 3axyV/O (y — moompressibility, Y = 
volume). Also any data obtained about an electranio 
expansion coefficient, a. in metals should provide 
useful information about their band structures. 
Unfortunately, most methods of measuring the 
expansion, whether by X-rays’, mterferometry* or 
capecitance’, have not been sufficiently sensitive to 
trace ita variation much below 6/10. However, there 
are now available techniques for the socurate com- 
parison of small capacitances which allow movements 
as small as 10-* om. to be detected, and these may be 
i a determine ion coefficients down to 
~ /100. 


be nara in cially wl dae 


and the third terminal is a conductor which sots both 
as a guard ring and as a shield surrounding the other 
two. This unknown capacitance is then com 
with a reference capacitance in a four-arm bri 
which the two other arms are tightly coupl 
ductive arms; ground-lead capacitances do not ap- 
pear in the balance ions but merely affect the 
idge sensitivity me recent developmente in 
capacitance measurement have bean described 
Thompson’ and their application to 
thermal expansion will be described elsewhare’. 
The measurements described here on the thermal 
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expansion of copper and iron were made with a 


capacitance- kindly loaned by Mr. A. M. 
Thompson, of the Scientific and 
Industrial Organixation Division of Electro- 
technology. 

An ‘cell’ was made from 0.¥.H.0. copper 


expansion 
(plus brasa screws and mice insulating washers) which 
is a cylinder about 6 am. long and 5 om. 

ih is -nigunted a bobbin-shaped’ pedinan ‘of b-a 
length with parallel lapped faces of 2-om. diameter 
at each end. One end is fixed and the other (free) 
end-face forms a perallel-plate oondenser with a 
1-3-cm. diameter copper plate distant about 0-02 am. 
Variations in tho relativo 


may 
0-5 x 10-* om. ; ie Soaik We chor i parii I 
for a system of length 5 om. 

The expansion cell is mounted in & conventional 
cryostat® so that its temperature may be varied from 
1-2° to 300° K. Thus far, most measurements have 
been confined to the region below 25° K. on specimens 


of (A) annealed 0.¥.5.0. copper, (B) sintered beryllium, . 
: ; A 1 i ; 


relative changes in length of (A) copper versus 
copper, ee oper T Peay eer 


"He syetan (a) horapa 
ture is very amall, confirming that 
anicalty stable. 


For system (B) the relative measurements on 
lium give values of the expansivity of 
if a 


copper (beryllium) < 
tures (T < 0/10) we expect this 
for tho lastige vibrational contribution, Gy, since to a 
first approximation : 


ap(beryLium)/as(oopper) = z O(beryilimm)/O eoopper) 
= [@(copper)/6(berylliam)]* 


and O(copper) is more than three times smaller than 
)3 pee Cie eo ee 
ec peas It appears partially canara Seiad 
which then yields æ = 0-50, x 10-* per deg 
with @ value a — (0-68 + 0-04) x 10+ par deg. 
ee eee ee 25° K., their lowest 
H 


with tempera- 
cell is mech- 


gaa, 
ae ~ 15x 10T per deg. C.; for beryllium it 
would lead to about half this value for «a, if the 
assumption a = 2/8 were true. 
Assuming the expansivity of beryllium to be 
negligible, the-data on system (B) give the following 

resulta for cop copper + 
(1) No evi of change in length greater than 
about 1A. could be detected bétween 1 and 4° K. 
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If we assume that a m ge + as = AT + BT, then 
this limits the term a, = AT to be not greater than 
2 x 10-"™T and the second term to 8 x 10-4 T", 
Theoretically a, should be slightly less than this 
See eee rg tae PTa aa bye 
similar term in 

(2) Analysis of tha changes in length obesrved in the 

from 4 to about 9 or 10° K: indicated that 

a ~.(8-:0 + 0-3) x 104 T° a 
TE A E esd: 
meter were calculated as follows: a value yp(total) = 
3ayV/O, where C = Se ESA 
BagyV/O,. Values of yr were sensib. 

1-85 L 6.05 down to about 12° K bw Ai rach di 
below that, reflecting the sape ae 

lineer term in a to counter 
in 0. a o a A A oe 
lowest Below 10°K., values Ys = 
1-9 + 0-2 follow from the relation a == (3:0 + 0-3) x.. 
10-7? = a, and the established data that O, 


1946 (T'/345)¥j/g mole deg. ae 
For the system (O) of iron versus copper, changes 
in length were observable down to 1:5°K. These 


efficiens varying as T. Sp ey ee 
oe on eae. 
obtained on system ( Results may 
for iron as follows: 
(1) Below 8°K., æ ~ (0-26 + 0°04) x 10° T 
ae d sscuitiitie tbat Gae linear tem E ihe oles. 
tronic coefficient a, then we find that a= Yem 
aV (Oe x 1-7. 
(2) Between 8° and 15° K., results can be repre- 
sented by a = 0-26 x 10 T + (1-05 + 0-1) x 107 
T*; if the second -term is identified with ay, then 
Ys = 2-0 02. Much of the uncertainty in the 
expansion coefficient above 8° K. arises because the 
correction for copper is substantial. 
(3) Deta obtained in the 


summarized 


region 55-90° K. give 


values of yr ranging from 1-62 to 1-68 and measure- 


between 20 and 15°K. give yr = 1:8 + 0-1. 


further measurements on the 
Ea (Oy A 10° and 50° K., it is hoped to: 
(a) obtain abeokrto values of a for copper using a 
different form of expansion ‘cell” im which the speci- 
men may be raised m temperature while the ‘cell’ ia 
fixed at the temperature of « liquid bath. Such a 
cell has been completed and seems to work satis- 
factorily ; Ea p e eae ee ore 
the existing ‘cell’ sh yield a valves for copper 
aioe a for sapphire should be negligible at the lowest 


ise P (c) data on the electronic expansian 
for chromium and for palladium, (d) data 
for lead relative to copper a eel a dei 


where we should expect sect a,(lead) D af erapist "series 
(e) data on the electronic iant for 
the aluminium and d niobium would 


the large electronic heat capacity in the normal state 
and ite high transition temperature make it an 


In conclusion, ib appears from these measurements 
that iron exhibits a component of thermal expansion 
arising from the free electrons. In oo no such 
SSD NENE haa: Geen E oad ue Gee ANOK Aaa 


September 10, 1960 


No, 4741 


down to below 10° K. 
I am most grateful to my colleagues Messrs. A. F. A. 


Harper, W. R. G. Kemp and A. M. Thompson. for 
their interest and advice. ' 
i Guy K. Warrr 


Jaly 14. 
Keesom, P. H., and Peariman, N., “Handb. der Physik”. 
e i 
1 Barron, T, H. K., Pki, Mag., 48, 720 (1065). 
* Simmons, B. O., and Balum, R. W., Phys. Ree. 108, 178 (1967). 
“Rabin, T., Alisan, E. W., and Johnston, H. L., J. Amer. Ohe., Sos.» 
76, (1064). 


* Bil, D., and Pollan, I, Physics, 21, 285 (1055). 
RR A.: M Itt Rad. Ea Trans. Instrumenietion, 1—7, 245 
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* Visvanathen, aye reagents Geloorg 
u Owen; J. L., and Rohrer, H., Hele, Phage. Acta, 80, 40 (1957). 


Effect of Temperature on the Expansion on 
Setting of Gypsum Plaster 


Ir, has bean shown by Ridge! that setting- 
- temperature exerts a profound effect on the 
. wtractare of set gypsum plaster. He postulated that 
this change in structure would be accompenied by 
changes in other properties such as the expansion 
on setting. Experimental evidence showing the ex- 
pansion of plaster on setting at different tempera- 
tures has recently been obtamed. The observations 
were made incidental to the preparation of plaster 
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Yig. 2. Bxpañsion on setting of plaster at different temperatures 


samples of different pore sizes that were to be used 
as standard porous bodies. 

A method was for compressing plaster 
of paris at a preasure of 5,000 psi. into a cake 


-which could then be hydrated at a desired 


tempera- 
ture. The average pore size decreased as the tem- 
perature of set was decreased. This result confirms 
the observations made by Ridge! that orystal sizes 
decrease as the temperature of set is decreased. 

Thus it has been found that by varying .the 
temperature of set of plaster samples it was possible 
to vary their pore sizes over a wide range, as was 
also found by Ridge and Crook’. This was true 
whether the samples were made from a cake or water 
slurry of plaster of paris. Histograms for the pore- 
size distribution as obtained by a mercury porosi- 
meter are given in Fig. 1. These results are for 
samples made from commercial unretarded plaster 
of paris. This plaster did not give reproducible Peale 
for expansion on setting. 

les of pottery plaster compressed into cakes 
as as mixed as water slurries in the ratio 
of 2:1 (plaster to water) were allowed to set at 
various . The expansion due to setting 
was meesured with the aid of a travelling microscope. 
This‘ expansion increased as the temperature of set 
was decreased. The results are shown in Fig. 2. The 
cake expanded about three times as much as the 
slurry for the same temperature of set. 

The expansion on setting of p plaster from a slurry 
was explamed by Lee and Nurse? and Hill and Ridge* 
as being caused by the growth of crystals in contact. 
On thia besis, when the conditions of setting are such 
as to lead to smaller crystals the chance of encounter 
with other crystals is greater, and expansion should be 
greater. It follows also that if the crystals are brought 
ologer together initially the final expansion will be 
even greater for the same final sise and shape of 
crystals. The greater expansion of the cake, which 
was about three times as much as that of plaster 
sæt from a water slurry at the same temperature, 
appears to confirm this. In the compressed cake the 
particles of hemihydrate are in actual contact, and 
expansion must begin as soon as hydration ins. 
In the case of the , particles of hemihydrate 
are separated by water, and hydration can proceed 
for some time before encounter of the crystals occurs. 
In fact, a contraction is first observed when plaster 
begins to hydrate from a slurry. 


930 


The above results have practical signifloanoe in so 
far as they indicate the factors which control the 
expansion and pore-size distribution of setting 
gypsum plaster. Such information should be useful 
where control of these properties is essential. 

I gratefully acknowledge the assistance of 8. E. 
Dods, who carried out the laboratory iment, and 
I also wish to thank B. M. O’Kelly for his helpful 
criticiam. 

P. J. Saeepa 
Building Materials Section, 
Division of B ing Research, 
National Research Council, 
Ottawa. 


i 

1 Ridge, H. J., and Crook, D. N., Awat. J. App. Sci., 10, 497 (1959). 
: . M, and Nurse, E. W., Diss, Feared. Soc., 5, 850 (1949). 

‘ D., and H.J. J. App. Sci., 10, 232 (1959). 


Packing of Mixtures of Hard Spheres 


WE were pleased to see the recent communication! 
by E. B. 8mith and K. R. Lea on their Monte Carlo 
calculation for mixtures of hard-sphere molecules. 
We are quite interested in this problem and have 
been trying to approach it experimentally by study- 
ing the random packing of mixtures of real maoro- 
scopio spheres. 

When smooth spheres are poured into a container 
and lightly tamped, they assume a firmly eget 
disordered configuration. This corresponds, w 
believe, to the high-density limit of the disord 
upper branch of the curve for the hard-sphere equs- 
tion of state. In their machine computations on 
hard-sphere. systems, Alder and Wainwright", and 
Wood and Jacobson’, have found that an apparent 
phase transition to an ordered configuration usually 
occurs before the disordered configuration is tightly 
packed. By suppressing this transition, however, 
Jacobson and Wood were able to extend some of 
their Monte Carlo studies to disordered systems at 
the high-denmty limit‘. We hope that Smith and 
Lea will also have an opportunity of investigating 
this limit in their caloulations. We think it would 
be well worth while to check, whenever possible, 
how closely a few spheres with periodic boundary 
conditions actually behave like many spheres. 

We have so far tested each of three different 
binary systems of ‘Lucite’ spheres at eleven different 
mixture ratios. We measure the piston displace- 
mente produced by suoceesive pre-mixed 500-ball 
aliquota in each of five cylmders of various diameters. 
By extrapolating the average displacement volume 
to infinite cylmder diameter we elimmate surface 
effects. The resulta reported here have been digested 
from some 2,000 separate measurements. 

In the three systems tested the contraction, or 
negative excess volume, was found to be approxi- 
mately symmetrical : 

ys ~ — 24 (V, + V)Z:Z, 


where A is a dimensionlbes contraction factor de- 
pendent on the volume di ity, and X, and X, 
are ‘mole’ fractions. Even with our largest disparity, 
corresponding to a radius ratio of 1-6: 1, there was 
no apperent asymmetry. By contrast, the calcula- 
tions of McLellan and Alder* indicate a pronounced 
asymmetry at this radius ratio in low-density mix- 
tures. The comparison is ambiguous, however, since 
their resulta also show that the asymmetry tends to 
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Table 1 
¥i(oe/fbell) YVi(oofbell) Frs (x=0 5, o afball) A 
0-42 0 406 —0 003 + 0 001 0 006 + 0 
0 646 0 266 —0 004 + 0 001 Q 0007+ 
0 647 0:160 —0 012 + 0 001 0-080 + 0 002 


vanah when the volume contractions are as smal? 
as those we have found. 

The actual volume of the spheres themselves were 
0:408 o.c. for the larger component and 0-260 6.0., 
0:1705 c.o. and 0-1032 0.0., respectively, for the 
smaller components. The packing volumes for the 
disordered pure componenta, as shown m Table 1, 
exceed the calculated close-packed kosea by 17-0, 
16:0, 15-3 and 14:8 per cent, ly, In very 
good agreement with the figure of 15(+8) per cent 
reported by O. K. Rice‘. 

The apparent variation in volume of the larger 
component, V,, is an artefact of the statistical 
analysis. If, as we suppose, it is due to a alight 
unacknowledged in V«s, it should be 
approximately linear in the volume disparity, 3 
(defined below), and should affect the volumes of 
the smaller components in an equal but opposite 
menner. Our values of A should not be affected 
at all by such an asymmetry. 

We summarize our results by : 

A ~ 0:019; 3* 
where 3 = 2(V, — V,)/(V_ + Vi) is the dimension- 
leas volume disparity. Since A must be an even 
function of 8 which goes to zero at è = + 2, as well 
as at 3 = 0, our expression gives only the limiting 
behaviour at small differences of radii. We find no 
indication of a positive V@ at small 3. 

For larger differences of radii there are smilar 
resulta reported by O. O. Fe ee 
shot and other systems’. It would be in 
goo iE Parnada eomer ruaa for aTi 
fractional void contents in statio systems are any- 
thing like the resulta one calculates for dynamic , 
systems with the same voidages. 

PAuL C. MANGHLSDORF, JUN. 
Erman L. WABHINGTON 
Institute for the Study of Metals, 
University of Chicago, 
Ohicego 87, Dlinois. 
June 27. : 
1 Bmith, E. B., and Lea, K. R., Natwrs, 188, 714 (1060). 
1 Alder, B. J., and Wainwright, T. H., J. Ohem. Phys., $7, 1208 (1967). 
* Wood, W. F. and Jacobson, J. D., J. Chom. Phys., #7, 1207 (1987). 
* Jacobson, J. D., and Wi Wood, W. W., X ERE” Report GMX-10-2%, 


Motalan, A. G., Sae Jo Sy Oa Phos M, 115 (10656). 

* Rioo, O. E, J. Chem. Phys., 13, 1 (1044), 

Burnes, 0. O., U.S. Bur. Mines Bull, 307, 74 (1020); also Indun. 
and Eng. Uhen., $3, 1052 (1081). 
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Radioactive Labelling of Membrane 
Filters for the Assay of Air-borne 
Materlal 


Tue quantitative assessment of air-borne material 
with membrane filters is being widely employed, 
mainly because of their high collection efficiency, non- 
hydroscopic properties and more uniform particle 
deposition than on other filter materials’. Since 
most of the icles de are held at the surface’, 
the clasaical methods of assessment of deposits can be 
replaced or augmented by indrrect methods. The 
latter consist, for example, in estimating the amount 
of deposit material by comparing stains’ with suitable 
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standards or by objective meesurement -as, for 
example, reflectance photometry*. Chemical reaction 

suitably impregnated or wetted filters and 
aerosol droplets may also be employed with quantitas- 
tive estimation of the resulting colour effecta*. 

It is known that various substances may be incor- 
porated into the filter mags by adding suitable 
reagents to the stock solutions used for fitter prepara- 
tion ; thus it is i 


surface larer of aglia particles 
The application of radioactive thickness gauging 
for the estimation of deposit maas in filters has 
on ee present communication 
deals with the application of special features of 
membrane filters by converting the fitters themselves 
into the radiation source used for thickness gauging, 
thereby eliminating the effect of fitter thickness from 
measurement. 


ee ee 
into the filter mass is an evident procedure and will 
in due course, initial work was armed 


130u. The diameters of the fitter disks were 86 mm. 
Initial total filter activities were 0-1-0-2 po. and 
1-510. for thallium and nickel filters, respectively. 
Fitters of this kind were used for the estimation 
of the concentration of solid aerosols and imdustrial 
dust of constant composition. Prior to air filtration, 
initial filter activity was measured with a Geiger— 
Muller window counter (3-7 mgm./om.") (activity 
n,). Thereafter air was drawn through the filter, 
and as soon as & visible layer had formed on the 


and the expressions log n/n, where n; are the residual 
activities, calculated. These values were correlated 
with the amounts of deposit per unit filter area. 
Fig. 1 illustrates a typical example ‘with flue dust 
of mean particle size 1-72, the chief chemical com- 
ponents of which were alumina, ferric oxide, silica 
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and traces of other components. Experiments sum. 
marized in Fig. 1 were performed with filters labelled 
with nickel and thallium. 

Results indicate that the preparation of homo- 
genesousty labelled filters and measurement there- 
Such filters may be used for 
pid amegament of air-borne material. The 

of sensitivity is at present found to be 
Be wei Oa a ee 
with nickel and thallium, respectively. Because of 
their weak radiation and long half-lives, nickel 
filters seem to be the more suitable ones. With an 
effective filter area of 1 om.*, absolute air volumes of 
10-300 litres are sufficient to obtain deposits surtable 
for the sasessment of high and medium dust con- 
centrations 


It is evident that the present procedure provides 
mase-proportional values of dust concentration. More 


not only on the chemical composition of the assayed 
dust but also on its particle size distribution. 

A more detailed sccount of this work will appear 
elsewhere. 


G. KUB 
Mining Instituto, 
Czechoslovak Academy of Sciences, 
K. Sruswt 
Institute of Physical 
Czechoslovak Academy of Sciences, 
Prague, 12. 
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RADIATION CHEMISTRY 


Changes in Conductivity of Pure Water 
caused by X-irradiation 
Most of our present knowledge about the physico- 
chemical processes occurring in the radiolysis of 
water has been obtained by purely chemical methods}. 
I have now tried to obtain some additional data 


secondary 
when water is irradiated with ionizing radiation, it 
is possible that charged particles will be formed which 
cause an increase in conductivity during irradiation. 
I therefore studied the variation with time of the 
conductivity of pure, non-degassed water when it was 
ulsed X-irradiation, in order to obtain 


life-time of such charged particles’. 


made of ‘Plexiglas’ and with silver electrodes, with 
X-ray pulses (60 kVp., average dose-rate about 
5 kr./min.) obtained by a rotating sectored disk. 

A do. voltage was applied to the oell through a 
resistor, so that a periodical change in conductivity 
synchronous with the X-ray pulses would give rise 
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to an 4.0. sda a note TA This 
voltage was measured by means of a synchron- 
ized amplifier. The synchronization was effected by 
imterru the t beam falling on a photo- 
prone rg ba by une sectored disk. P 

The experiment showed that there was in fact a 
periodical change in conductivity, the amplitude of 
which was inversely proportional to pulse frequency 
in the range-from 10°to 8,000 o.p.s. covered m this 
investigation: It could therefore be concluded that 
during irradiation “ions were formed wee a life-time 
greater than 0- 1. ge0, 

Based on these renilte, I. constructed an appara- 
tus with which I oould display on an oscilloscope 
screen the variation withtime of the conductivity of 
water irradiated with slow X-ray pulses (0-2-20 
.p.8.). 

The water used in this experiment was pre-distilled 
first from alkaline permanganate and then from acid 
dichromate solution before being further purifled 
in the quartz still, in order to be certain that no 
organic impurities were present. Between the two 
quartz distillation stages the vapour was heated to 
about 800° O. The conductivity cell, this time made 
of quartz and with platinum electrodes, was con- 


O O O EXPER VALUES SER I 


1 
ok reste {0.p.#.) 
helen 2. eee: of the parlotto variation 


om ox ‘epectinantaliy obtained dows Tate Aopen Ca 
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nected to an s.o. bri operating at 2 ko.p.s. The 
diagonal voltage, w. which was p to the 
variation of conductance, was amplified, reotifled, 
and, fed to a d.c.-oscilloscope ("Tektronix’).- 

Fig. 1 shows a photograph of the oscilloscope picture 
showing the variation of conductance caused by 
irradiation with square wave-pulses (light to dark 
period = 1; 2). In Fig. 2 the amplitude of the periodi- 
cal conductance changes is plotted against pulse 

cy. ‘Two effeots seem to be superimposed : 
(1) A reversible increase im conductivity during 
irradiation which returns to xero after the end of 
irradiation; (3) an irreversible rise in oonduotivity 
which starte practically instantaneously with irradia- 
tion and continues until the end of irradiation. 
cee ee ee he 
frequency and dose-rate leads to the 
conclusion t the reversible effect may be due to the 
formation of ions the concentration of which varies 
acoorling to the differential equation : 


3-6, ey, ~ PURUS] — Hx) 


where [X] 18 the concentration of the ions in question, 
[S] that of a scavenger substance with which these 
ions can react monomolecularly, N, the Avogadro 
number, 3 the dose-rate, k and k’ reaction constants, 
and Gs the yield of the ions formed. 

A oomperison of the properties of the observed 
ions with radiation-chemical date from the literature 
suggests that the ion X may be identical with the 
radical-ion -O,-, that is, the anion of the radical 
HO,: (ref. 8). If this is assumed and if the 
radical HO,: is completely dissociated at the pH of 
the water investigated (5-5): Ge = 4-3 radicals) _ 
100 eV., k [S] = 2-9 sect, and k = 1-45 x 10 
litree/mole x sec. The radical-ion -O,- is, gocording 
to Halesinsky*, formed directly by the reaction of 
H-radicals with the dissolved oxygen : 


H: + O, > H+ +-O+ 


A more detailed discuasion of a chemical reaction 
mechanism leads to the ion: Gy = 
Gu + Gon + Goo, — 0-4 = 4-6 radicals/100 eY. 
(with radical yields according to Allen and Schwarz’). 
Dainton and Rowbottom® have determined the resora- 
bination constant of the radical HO, as 3 x 10° 
litres/mole x sèc. The difference between this value 
and mine (for -O,-) might be explained by a difference 
in pH. 

The irreversible effect observed in my experiment 
is probably due to the formation of percarbanic acid 
from the carbon dioxide dissolved in the water’. 
According to my i t the yield of this reaction 
would be @(H,CO,) = 0-3 molecule/100 eV. The 
term 0-4 in the equation for G, mentioned. above is 
twice this value. 

A full acoount of this investigation will be published 
elsewhere. 

K. Somar 

Max Planck-Institut fúr Biophysik, 

Forsthausstr. 70, 

Frankfurt a. M. 
1 Danton, F. 8., Brit. J. Radiol., 31, 645 (1958). 
‘Lota, A. P., and Schmidt, K, Strekentherapis, 110, 223 (1980). 
1 Weiss, J., Trans. Farad. Soc., 81, 668 (1035). 
t Halesinaky, M., J. okie. phys., 53, 542 (1056). 
PATR, A Orand, Bohwarii-H CAs Proe, tomit Ooni Gebers 
ar E., and Rowbottom, J., Trens. Farad. Soc, 48, 1160 
! Wmther, P., and Holzapfel, L., £. Phys. Chem., 49, 803 (1941). 
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Radiation-Induced Nitration of Aliphatic 
; Hydrocarbons l 


l Tam behaviour of fission product iodine in a tributyi 


was scavenging 
the action of the fission 
it was observed that the @-vatue for fixation under 
process conditions was only about 0-1. i 
Pan lower than the valuse Of abot 7° 0 
air-free n-heptane’ and 5-6 for air-free hexane’, 
which are generally accepted as giving some indios- 
tion of the total yield of radicals in irradiated ali- 
phatio hydrocarbons, 
It was considered that other radical scavengers 


y mportant in some casen. The oxides 
NO and NO, both bave an ‘odd electron’ 


-dodecane 
was irradiated using a 7-2-0. strontium-90 B-souroe. 
The mean radiation dose-rate was 2 x 10 eV./mL hr. 
and the duration of the irradiation was 114 hr. 


dodecans strong R—NO, (1,555 om.-, 
1,350 om.) and R—COOH (1,720 om?) banda. 
Slight absorption peaks at 1,680 om. and 1,645 
ee a 
pbs showed that the G-value for R—NO,, 
assumed to be nitrododecane, was 5-0. The yield of 
carboxylic acid, taken as dodecanoic acid, was about 
1:0. No could be detected in a dodecane 
solution of NO, which had been allowed to stend in 
the absence of radiation for a similar length of time. 
Carboxylic acid formation is presumably the end 
result of radical scavenging by stmospheri ic oxygen : 
in an earlier in which the dissolved NO, 
became exhausted, the yield of carboxylic acid was 
more than doubled. 

Thode avite aie ROA eereet ais Wih piir 
work on iodine scavenging in 


NO, solutions that are completely devoid of oxygen, 
that the only arising from the alkyi radicals 
will be together with smal amounts 


Se ee oe ee T 
reaction of alkyl radicals with excited NO, mole- 
cules : 


. 0 
R+ NO, R-N 
` 
o 
R + NỌ} — R-O—N=0 


i ‘bon— 
> worthy of further 
io rediation 


Processes 
E 7 Wee arate oe 
tion such as, for example, those reviewed by A. V. 


T 
gat Em indebted to Mr. E. Hughes, -of the Chemical 
Windscale, for the infra-red 
caine ind A 
This communication is published by permission of 


Sir William managing director, and Dr. H. 
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U.K. Atomic Energy Authority, 
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Role of eee in’ the Crose-tinkleyy, and 
bonucleic Acid by 
ertr Radiations ` 


Waan deoxyribonucleic soid in dilute aqueous 
solutions is irradiated with X-rays, the attack by the 
free radicals produced in water leads to main-chain 
scission, and this reaction is eapentially the same in 
the presence as in the absence of oxygen’. Irradiation 
of nucleic acid in the solid state and containing leas 
than 25 per cent of water leads to a complex series 
of reactions which, judged by physico-chemical 
measurements, were largely unaffected by oxygen. 
With nucleic acid gels having a water content 
between these two extremes, oxygen was found to 
exert & moed influence on the produced 
by i i with 1-MeV. electrons. Since deoxy- 
ribonucleic acid is present in the cells in the form of a 
relatively concentrated gel, the response to radiation 
in this form is more likely to be of biological signifloance 
than the behaviour of dilute solutions or nearly dry 
solid. 

The nucleic acid used in these gel experiments wae 
i contamed little salt 
(less than 3 


by 
eir PAE Wee oe es ee a 
falls on exposure to 1-MeV. electrons to about two- 


and Stacey* concluded that irradiation produced 
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branching aai main-chain scission simultaneously 
to a 
cule lees asymmetric (that is, resulting in a 
fall of viscosity) without there being s substantial 
change ‘in the average molecular weight. 

By equi ting the nucleic acid with air or nitro- 
gen at relative humidities, the water contend 
Ce eg ee 10 Gaol oe eee 
from < 0-5 per cent to 200. per cept. As the water 
content is increased above 25 per cent, main-chain 
scission with reduction in molecular weight becomes 
the predominant reaction of irradiation in air (see 
Fig. 1). When the gels are irradiated in the absence 
of oxygen, the ' molecular weight increases (seo 
Fig. 1) until some of the nucleic acid hag become so 
highly cross-linked that it no. longer dissolves in 
dilute salt solution, but only swells. Fig. 2 shows 
that the formation of this insoluble network has a 
threshold, andthe behaviour of ‘wet’ nucleic acid 
irradiated in the absence of air is typical of a oros- 
linking system such as polythene’. Once cross-linked 
gel begins to be formed, the molecular weight (because 
of polydispersity, it is probable that the molecular 
weights of the highly cross-lmked samples are under- 
estimated) of the soluble fraction falla because the 
largest unita are preferentially linked into the 
insoluble fraction. This again is in accord with 
polymer theory‘. The quantitative recovery of the 
insoluble nucleic acid is difficult, since after suspen- 
sion in dilute salt sọlution much of it is present in a 
highly swollen form. which oan only be removed by 
ee ee ee ee eve 


ges Sr E moon A gpe 
product a amet op. longer develop oross-lmka 
(of. ref. 5). in the.number of cross-links 
formad in tho abg.of ryan hy a given dam With 
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PERCENTAGE OF DNA SOLUBLE AFTER IRRADIATION 





Dose (rads x 10") 
5, epee ot de Wat e bs 6 br. centrifagation 
a6 20,000). Symbols as in Wig. 1 


increasing water content of the nucleic acid specimen 
we attribute to the greater mobility in wet samples 
of the polymer chains, and this promotes interaction 
between the active points. In nucleic acid, with 
less than 25 per cent of water, nabiltty of active 
centres to meet hinders croas-li 

In the presence of air, few cross-links are formed 
by direct action, and the degradation observed on 
irradiation of the eamples containing an equal weight 
of water is due to direct action plus the attack by 
the radicals formed in the water. In the absence of 
oxygen, the active centres produced by direct action 
give rise to cross-links which exceed the number of 
main-chain scissions from the combination of: direct 
and indirect actions, and therefore the net effect is 
an increase in molecular weight and gellation. Be- 
cause the indirect effect produces only scission, there 
must, at a given dose under be a water 
content at which the amounts of sciasion and cross- 
linking are equal and above which gel is not formed. 
For a dose of 10* rads this occurs at 300 per cent of 
water. 

We wish to thank Mr. D. Moore of the Medical 
Research Council Experimental Radiopathology Unit 
for radiation. facilities. 
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Possible Discovery of fon-Pairs by 
Interferometry 


Iw the course of an investigation on electro- 
deposition to determine the cause of what Ibl and 
Muller’ called an “anomalous maximum” near the 
cathode, and which O’Brien and Axon! mdependently 
noted and named the ‘second wave” in a complete, 
electrode-to-electrode interference pattern, it was 
found that this second wave does not develop in 
electrolyte solutions in which ion-pairs do not form. 
Buch a solution is nickel sulphate’, in which it has 
been shown that, presumably because of the strangth 
of the bonds and lack of lability in the octahedral 
nickel aquo-complex, the closest hg hea of the 
sulphate ion cannot be leas than the di of one 
water molecule (see Figs. l and 2). Electrolysis of 
& silver perchlorate solution gave the famtest traces 
of a second wave, which may be considered to be 
additional ing evidence. Since Fajans and 
Luhdemann‘ have shown that free ions in solution 
may be expected to give higher refractive indices 
than, ion pairs, and indeed a plot of concentrations 


Cn nn ee camden tari eager iia 
"aam a MAIR ES Ney eee et a er er Tame 


{ arene ery vate dimn (pain aiaia Senn 
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20 gm./L copper sulphe separation, 


1. 3 mm. clectrods 
ii 2 mamp./om.’, To 0., 0 19700 V. 
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Pes SO ma rE CA aT Peron 

versus refractive index of values taken from Landolt— 
Bornstein shows no deviation from linearity for nickel 
sulphate (which deviation is usually attributed to 
ion-pairs) until concentrations in the neighbourhood 
of 1 M, it follows that the cathode maximum may 
be explained by the dissociation of ion-paira. 
. Ib was congidered that the formation of ion-pairs 
was probably not an mstantaneous ‘process and that 
the electrodeposrtion cell being usèd was suited to a 
study of the kinetics of this process. The cell contains 
about 0-15 ml. of solution when the depth of the 
electrodes is 2 mm. and their separation 8 mm. 


O O4 MILLIAMP/CM? 
œ 08 MLLIAMP/CM." 


9 1-2 MILLAMP/CH.* 
© PO6MILUAMAYCH.? 
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10 20 80 
Hiectrode seperation (mm.) 


Fig. 4. Plot of voltage against electrode seperation at several 
current denatiles 
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It can be caloulated from the mobility of the ion 
(only Cu* need be oonsidered as the cell is 
Cu|Cu80,|Cu), which is about 1-12 x 10* om./ 
sec., that at 0-88 Y. the time to traverse the 3 mm. 
of the cell is about 300 seo. The maximum of the 
second wave occurs at about 0-1 mm. from the 
electrode at both electrodes, and its amplitude has 
been, found to vary di as the current density’, 
and the ‘time of migration’ to this distance should 
be 9 sec. Hence when the electrodes are placed so 
that the anode and cathode second waves overlap 
(Fig. 3), no second wave should form, and this was 
found to be go. But since there is the possibility that 
the effective dielectric constant of the solation is low 
and a change in fleld gradient might be we 
GO oe Dina ever arena mre On time of 


When the ‘electrodes were moved together at oon- 
stant current density, a family of curves (Fig. 4) was 
found. Tie cone DAE Se ee oe 
at the game distance. Jateau where there is no 
apparent morease m resistance with distance 
begins at about 0-87 mm. and ends at about 0-7 mm. 
in an abrupt, nearly vertical step. 

It was Win the: ditenas. at winnie 
first plateau waa found would vary with the voltage 
sonliad. aise oon puntionalty the enced of Wiis ions Far 
been considered to depend on this. This effect has 
not been found. The height varies around about 
0-02 V. while the expected height by Nernst’s equa- 
tion and thermodynamics from the dissociation 
constant of copper sulphate is 0-06 V. 

Explanation of these and other is being 
actively investigated, and greater precision of measure- 
ment ıs being sought. 


Le A R. N. O'Baraw 
s O. ROSENTIELD 
Do ent of Chemistry, 
niversity of Alberta, 
Edmonton. 
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7 B Nu and Axon, E J., Trens, Inst. Met. Fimsking, 34, 4 


a J. F., and Keppect, D. 
at Se ine, BBO (John WIE mad Bone, Now 
York, 1050), 


1 Fajans, K, and Lnhdemann, B., Z. phys. Chem., B, 89, 150 (1985). 


Solid-Solid Interactions on Active 
Adsorbents 


In recent years the diffuse spectral reflectance 
properties of various solid systems have been in- 
vestigated!*, and several analytical app akon have 
been developed**. Often it has been be acl 


of the brought about by active adsorbenta 
m the solid state, pilot experiments have been carried 
out using Michler’s ketone (4,4’-bisdimethylamino- 
benzophenone) mixed with active aluminas., Michler’s 
ketone has a well-defined absorption spectrum in 

transmittance in solution and reflectance from the 


NATURE 


September 10, 1960 vo. 187 


0-700 
0-600 

1 
0 800 
0-400 t 

3 

0 300 
0 200 

1 23 465 6 7 B 91011 12181415 1617 18 

Ttime (daya) 

Fig. 1. Changes with time in the absorbance at the wavelength 
Or Wio. oes ot ares ire of Miohie d ketone. and. 
chromatogra: alumina as measured by reflectance. 1, 2 mgm. 
chromatogra gm. acidio alumina ; 2, 1 mgm. ketone and 3 gm. 
aston alumina; ketono ‘and 


igi 
mgm. ketone dnd S git, baslo AIGINA 


solid, and ıs quantitatively removed from sohrtion 
al : 


1 end 2 mgm. of the 
sear with 3 gm. of acidic and basic alumina 
(Woelm) and the solid mixtures allowed to stand for 
several days at room tore in sealed oon- 
tamers. Visual changes slowly occurred in these 
systems until in appearance they were virtually 
identical with alumina on which the ketone had 
been adsorbed from a solution aa in ordinary column 
chromatography. pant asp ater 
phenomena involve essentially the same adsorption 


as the solid—solid interactions were taking place. 
The imstrument used was ẹ Beckman model DU 
meter with a standard reflectance attach- 
changes with time, both in the total 

sheers (loe Vase 10 ef 1Ha oateeocat TRARRE) 
and in the wave-length of the absorbance maxima 
(Figs. 1 and 2), were observed. Throughout, the 
gross form of the spectra remained characteristically 


Amar. (mM) 





123 4 6 6 7 8 O 1011 1813 1415 1617 


Timne (days) 


. Changes with time in the wave-length of the absorbance 
mixtures of Miohier’s ketone and chromato- 
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that of the ketone. The displacement of the absorb- 
ance maxima should be related to distortions m the 
electronic energy-levels of the ketone molecules due 
to interactions with the alumina on adsorption. The 
changes in absorbance at the wave-length of the 
, maxims for the adsorbed ies should be an index 
of the relative amount of the adsorbed species present 
at a given time. Further, the rates at which adsorp- 
tion takes place on the different grades of alumina 
provide a measure of the relative activities of such 
adsorbents. When the solid-solid adsorption pro- 
cesses were ossentially complete, the absorbance 
maxima were virtually identical with those of the 
ketone adsorbed on the same types of alumina from 
solutions. This confirms the visual impression as to 
the similarity of at least the end-reeult of these two 
processes. The adsorption from solution, of course, 
occurs far too rapidly to be studied kinetically, while 
the solid-solid process proceeds at a vastly retarded 
but measurable rate. It is hoped that the date 
bemg accumulated by reflectance will contribute to. 
the knowledge of solid tiong and perhaps sub- 
mit to a kinetic analysis could suggest 
EE E eoea A detailed account of this 
work wil be published seperately. 

The fmancial support received from a Frederick 
Gardner Cottrell grant of the Research Corporation 
of New York is gratefully acknowledged. 
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Hydrocracking of Neopentane and 
Neohexane over Evaporated Metal Films 


For the cracking of ethane in the of 
hydrogen over iron* and over nickel’, it has been 
that the molecule is adsorbed at adjacent 

carbon atoms (1-2 diadsorbed) prior to cracking. 
However, since work in thia laboratory on the 
hydrocracking of higher hydrocarbons has given 
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results which cannot readily be explained by 1-2 
diadsorbed intermediates, the behaviour of neo- 
pentane and nechexane was investigated in order to 
establish the possibility of alternative mechanisms. 
In the case of the former, 1-2 diadsorption is im- 
possible while in the latter it must be limited to the 
ethyl group attached to the quaternary carbon 
atom. 


Table 1 shows resulta of reactions over evaporated 
films of nickel, tungsten, platinum and rhodium, using 
initial preasures of hydrogen of 45 mm. meroury and 
of hydrocarbon 3-7 mm. mercury. The metal films 
were prepared from spectroscopically standardized 
metals. were made after 5-25 per cent of 
the hydrocarbon had reacted, using liquid-modifled 
gas adsorption chromatography’. The column, 60 ft. 
in length, with a squalane-on-‘Pelletex’ (a pelleted 
carbon black) packing, operating at 35°0., was 
capable of separating all saturated hydrocarbons 
from C, to C,. The limit of detection was about 
10+ mole, equivalent to a pressure of 3 x 10 
mm. mercury in the reaction veesel. 

The results in Table 1 show that hydrocracking 
of neopentane and of propane occurred over nickel, 
tungsten and platinum with comparable ease, whereas 
nechexane reacted at tamperatares up to 50 deg. O. 
below those for neopentane. Over nickel, hydro- 
cracking of ethane required a temperature about 
40 deg. C. above that for propane, and the overall 
activation energies for hydrocracking are 85 + 5 kcal. 
mole for both neopentane and propane and 69 koal. 
mole~! for ethane. These values may be compared 
with 84 and 54 kcal. mole for propane‘ and ethane" 
respectively, obtained on nickel—kieselguhr catalysta 
using rather lower hydrogen-to-hydrocdrbon ratios and 
lower temperatures. The order of catalyst reactivity 
for hydrocracking at: the quatertiary carbon atom is 
rhodium > tungsten > nickel > platinum, the same 
order as for propane. This order is quite different 
from that for the breakmg of the C—N bond in 
methylamine and ethylamine, which is rhodium œ 
platinum > nickel > tungsten’. The reaction of neo- 
pentane on platinum is remarkable since the presence 
of 17 per cent n-butane in the product indicates 
substantial isomerization as well as 

In the reactions of neohexane, cracking at the 
quaternary carbon atom to give isobutane and ethane 
as primary products predominated strongly on 
platinum and decreased in importance in the order 
platmum > tungsten > nickel > rhodium, so that 
for rhodium the dominant initial cracking mode was 
in the ethyl group to yield methane and neopentane. 


Table 1 
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* M, methane; B, ethane; P, propane; tso-B, isobutane; 


n-B, n-butane; seo-P, neopentane; tso-P, feopentans, 
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ie ae inves teat Matai aa 
Ipatieff* that, over a nickel/kieselguhr catalyst, bonds 
to a quaternary carbon atom are least tible 
to attack, is not of general validity for other Dar aen: 
Furthermore, in the hydrogenstion of 1—1 dimethyl- 
oyolopropane E EAT at 150° O. (ref. 7), 
tho sole PANA isopentane, indicates exclusive 
rupture of a bond to the quaternary carbon atom. 
In this case, however, the highly strained cyclopro- 
pane may invalidate direct comparison with the 
eee hydrocarbons. 

Although these results show that hydrocracking 
of a C—C band can occur without 1-2 diadsorption, 
it does not follow that the adsorbed intermediate is 
attached to the catalyst at only one carbon atom. 
There is evidence for 1-3 diadsorption of neopentane 
in catalytic with deuterium’. In the 
diadsorbed intermediates responsible for multiple 
exchange between deuterium and saturated hydro- 
carbons (cf. Anderson’), each carbon atom is normally 
linked to tho surface by a single bond, and the 1-8 
diadsorbed imtermedisate previously postulated for 
the ing of ethane’.* is identical with that 
established for multiple exchange in ethane’. How- 
ever, assuming a value of AH for adsorption by a 


single bond of — —12 kcal. mole, and using correspond-. 


ing characteristic tures for exchange’ and 
akak. it follows that the average life-time of such 
a diadsorbed. will, at cracking 
be only 10-* to 10~ of the life-time under exchange 
conditions. Furthermore, it is known that over both 
nickaél and. an increase in temperature favours 
the further loss of hydrogen atoms from the adsorbed 
hydrocarbon residue!: the reduced rate of ex- 
change of-neopentane’ and ethane over nickel at 
higher temperatures is probably due to the formation 
of strongly adsorbed species, multiply bonded to the 
surface. It seams unlikely, therefore, that the same 


strongly adsorbed on the catalyst 
surface the loss of more than one hydrogen atom 
on at least one carbon atom. 

We are grateful to the Shell Oo. (Australia), Ltd., 
for a grant towards the cost of materials. 
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BIOCHEMISTRY 


Assay of Corticosteroids In the Chick 
Embryo 


Fos some tme we have been studying various 
manifestations of the reaction induced m chick 
embryos by the inoculation of leucocytes from normal 
fowls (the Simonsen phenomenon) with ial inter- 
est in the production of ic foci on the 
choricallantois!. Ta the oies oF ttt work it was 
observed that if hydrocortisone was added to the 
mooultum the number of fooi was diminished and the 
embryo showed obviously retarded development. 

Several studies of the effect of cortisone on the 
developing chick embryo have been reported. 
They showed a moderate inhibition of growth with 
doses of the order of 0:3-0-5 mgm. per embryo. We 
have not found any of such studies with the 
tory corticosteroids. 

Through the co-operation of Dr. T. F. MoCrae of 
Glaxo Laboratories we have been able to test the 
following: cortisone aloohol, hydrocortisone alcohol, 
prednisone alcohol, prednisolone isoon es ae 
and dexamethazone. All were used as suspensions 
normal saline with the ex ion of prednisolone 
disodium phosphate which is soluble in water. 
crue I PEREAT Aaa (0 eee E 
inoculation of ms were 
FOEREN Sa er or eee. 

y embryos and the eggs held i in the 
ie ee, before being moculated on the 


` dropped chorioallantois with 2-5 x 10° fowl leuco- 


cytes in a volume of 0:1 ml. After four days further 
incubation at 38° O. the embryos were removed and 
weighed and the foci on the chorioallantoic membranes 
counted. 


eet 


CORTISONE 
PREONJSOLONE 


HYDR Fonts ont 





The results for the significant range of doses of 
the five compounds used are shown in Fig. 1. 


Each 
p a of 8-16 embryos except 
‘ar the highest doses of isolone and dexametha- 


sone where some embryos died before the fourth day. 
The survivors from the larger doses of the 11-hydroxy- 
steroids usually showed, in addition to retarded 
growth, definite pathological changes in the form of 
œdema, liver damage and abnormalities of feather 
growth. This was not seen with prednisone, where the 
effect seamed to be a simple retardation of growth. 
The effect an focal counts from a standard moculuam 
of adult fowl leucocytes followed a similar trend. In 
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Table 1. ACTION OF COkTioosTEROIDS IW RupUCING Fou COUNT 
OW OHORIOALLAWTOIO WENBRANE 
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AN values are based on the median of the fooal counts and mdi- 
cate percentage of the corresponding control counts. 


all experiments on randomly bred embryos there is a 
wide range of counts and the median has been taken 
as the most useful index’ of i In Table 1 


the value p as calculated from Student’s 
cortisone or prednisone was given by 

the air space no effect on focal count was observed 

and the values shown are from an experiment in 

which i was mixed with the leucocytes 

just prior to their inoculation. 

of the corticosteroids are in the same order: 


dexamethazone > prednisolone > hydrocortisone 
> prednisone, cortisone 


The striking difference between prednisone and 
prednisolone, which by the conventional tests in 


mammals are of approximately equal 
activity, is noteworthy and may reflect the absence 


corticosteroids, end exploratory work on the nature 
of the action of prednisolone on the focal count is m 


progrese. 
F. M. BURNET 
N. L. WARNER 
The Walter and Eliza Hall 
Institute of Medical Research, 
Melbourne. 
June 28. 
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Degradation of Benzyipenicillin at pH 7:5 
to p-Benzylpenicillolc Acid 


Ine acid aqueous solution, benzylpeniocillin (I) 
becomes rearranged to D-benxylpenicillic acids, and 
in alkaline aqueous solution, ib is hydrolysed to the 


a-diastereomer of D- icilloic acid (II). The 
produot of degradation of [penicillin in aqueous 
solution at pH 7-5 has not been identified. 


During 
work on the mechanism of antigenicity of penicillin, 
it was necemary to investigate the degradation 
pathway of ioilin under physiological 
conditions. It was found that in aqueous solution 
at pH 7-5, bensy: icillin is degraded to p-benxyl- 
penicilloic acid, appeared to be present as a 
mixture of ita diastereomers. 
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A solution of 714 mgm. (2-0 millimols) of sodium 
benzylpenicillin in 100 ml. of 0-2 M phosphate buffer 
was kept at 37° C. for 120 hr. During this time, the 
optical rotation, fell from a(D,29) = + 4-1° for the 
fresh penicillin solution to a(D,28) = + 0-85°. 
(Opil couatinne ware seamed th a Sobmide and 
Haensch polarimeter with @ 2-decimetre cell.) 
Ultra-violet spectrophotometry showed only the 
formation of an absorption at 1322 my and & 
decrease in ultra-violet and ion. The peak at 
24822 mp has been demonstra to be due to the 
formation of a very small quantity of p-benzylpeni- 
cillenio acid (V) by rearrangement of bensylpeni- 
cillin*s, The decrease in optical rotation and m 
ultra-violet end absorption is consistent with the 
formation of wp-benzylpenicilloic acid’. Also 
consistent with the -formation of p-benxylpenicilloic 
acid is the observation that degradation of benzyl- 
penicillm aqueous solution at pH 7-5 caused the 
liberation of a new acid group. This was indicated 
by the fact that additions of alkali throughout the 
course of the degradation were necessary in order to 
maintam the pH at 7-5. 

Treatment of the reaction solution with one molar 
equivalent of merourio chloride at pH 2-5 caused the 
immediate precipitation of the mercurio m tide 
of D-penicillamine (IL) and the liberation of a 
aldehyde-positive compound into the supernatant 
liquid. This aldehyde was isolated as ita 2,4-dinitro- 
phenylIhydraxone derivative by ea s eee 
method'?; yield, 500 mgm. (70 elo 
crystallization from 95 per cent Tao geliy 
needles melted at 193—194° O. (deo.); the reported 
melting point for benry: yde 2,4-dmitro- 
phenylhydrazone is 194-195° O. (deo.)*. A mixed 
melting point of this compound with synthetic benryl- 
penilloaldehyde 2,4-dinitrophenylhydrazone was 198- 
195° (dec.). (Benxylpenilloaldehyde was prepared 
by synthesis and converted to its 2,4-dinitrophenyl- 
hydrazone by Shriner and Fuson’s method’; after 
crystallization from 95 per cent ethanol, the. yellow 
needles melted at 194-195° O. (deo.).) These melting- 
pont data indicate that the phenylbydrazone 

isolated was indeed benzylpenilloaldehyde 
2,4-dinitrophenyIhydrazone. 

Mercurio chloride in aqueous acid solution immedi- 
ately degrades p-benzylpenicilloic acid to the mer- 
curio meroaptide of p-peniaillamine (IIT), benzyl- 
penilloaldehyde (IV), and carbon dioxide’. The 
isolation, by this means, of benzylpenilloaldehyde 
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in 70 per cent yield indicates that benzylpenicillm 
was hydrolysed to p-benzylpenicilloic acid. 
The hydrolysis of sodium benzylpenioillin: in a 
7:5 buffer yielded a monosodium benzyl 
solution with a considerably less okta 
Eee (a(D,29) = + 0-85°) than of a 
equimolar buffer solution (pH 7-5) of mono- 
Deana p-a-benzylpenicilloate (a(D,29) = + 1-98°). 
(Monosodium p-x-benrylpenicilloate was by 
alkaline hydrolysis of sodium bensylpenicilln™, and 
twice from water—acetone ; peeing 
(des.).) On standing ab 37° O 


point, 154-155° O 

the a-diastereomer underwent mutarotation ; the 
optioal rotation of this p-a-benzy. icilloate solution 
fell to a(D,28) = + 0-44° after 60 These observa- 


tions suggest that the D- benzylpenicilloio acid formed 
by hydrolysis at pH 7:5 of benzylpenicillm may be 
present as a mixture of ite diastereomers’*. 

The hydrolysis of benxylpenicillin at pH 7-5 may 
proceed through two possible pathways: (1) the 
a-diastereomer of p-benzylpenicilloio acid may be 
formed. primarily by direct hydrolysis of the 8-lactam 
linkage of benzylpenioillin, followed by epimeriszation 
to yield a mixture of its diastereomers; (3) benzyl- 
penicillin may become degraded by slow 
ment to p-benszylpenicillenic acid (V), which is rapidly 
hydrolysed to yield a mixture of diastereomers of 
p-benzylpenicilloic acid directly. In support of the 
latter pathway are the following obeervations: a 
small quantity of »p-benzylpenicillenio acid was 
detected in the degrading benxylpenicillin buffer 
solution (see above). In aqueous solution at pH 7-5 
at 87° O., p-benzylpenicillenic acid is hydrolysed 
rapidly to p-benzylpenicilloio acid (tą = 6:5 min.) 
{unpublished work). It must be noted that the 
degradation at pH 7:5 of bensylpenicillm may 
proceed through both these pathways simultaneously. 
Further work on this problem is m progress. 

I thank Drs. €E. Perlman, 8. 8. Schneierson, and 
H. Sobotka of the Mount Sinai Hospital for their 
interest during the oourse of this work, and the 
Charles Pfizer Laboratories, Brooklyn, New York, 
for a generous supply of sodium bensylpenicillin. 

Basragp B. Levova* 
Departments of Chemistry and Microbiology, 
Mount Sinai Hospital, 
New York, N.Y. 
* Danan Foundation Research Fellow, 1958-50. 
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Formation of p-Penicillamine-Cysteine Mixed 
Disulphide by Reaction of p-Benzylpenicilloic 
Acid with Cystine 

As part of a study of akin sensitization to benzyl- 
pencillm, I have mv the bebaviour of 
pD-bensylpenicilloio acid (4-carboxy-5,5’-dimethyl-c- 
phenylacetamido-2-thiazolidine ascetic acid). This 
oom was found to give allergic cross-reactions 
of contest dermatitis type with both benzyl- 
penicillin and p-penicillamime (unpublished work). 
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The allergic activity of D-penicillamine is probable 
due to ite ability to react with cystine disulphid- 
linkages of epidermal proteins to form p-penicillamine 
cysteine mixed disulphide residues'; the allergic croae- 
reactions between p-benzylpenicilloic acid and p-peni- 
cillamine might be due to the ability of the former to 
react also with disulphide linkages of epidermal 
proteins to form D-penicillamine-cysteme residues. 
There are no reports in the literature on the reactivity 
of p-benzylpenicilloio acid with either thiols or 
disulphides; I report here the reaction between 
p-benzylpenicilloio acid and oystine in aqueous 
solution at pH 7:5. 

Oystine (96 mgm.) was suspended in 0-1 M aqueous 
solution of monosodium p-«-benrylpenicilloate at 
pH 7-5. (Monosodium p-a-bensy icilloate was 
Depew by alkaline hydrolysis of Ipenicillin® 

and rearystallized twice from water—acetone ; melting 
point, 154-155° C. (deo.). The material was found 
to be free of p-penicillamine by a paper chromato- 
graphio method capable of detecting lesa than 0-1 (un- 
published work).) This reaction mixture was stirred 
at 87° O. for 34 br. A 0-1 M aqueous solution of 
monosodium p-a-benzylpenicilloste under the same 
conditions served as a control. Aliquots of the 
t andthe control solution 
peper chromatography 
phenol-water as solvent. Monosodium D-a- 
benzylpenioilloate, D-penicillamine, cystine, and 
D-penicilamine-cysteine were chroma bed 
simultaneously to serve as standards. (p-Penioill- 

amine-cysteine was by the method of 
Tabachnick s al.!, melting point, 195° ©. (deo.).) 
The results are shown in Fig. 1. The reaction mixture 
supernatant contained another ninhydrin-positive 
compound with Ry identical with that of p-penicill- 
amine-cysteme (Rp 0-88). This compound was 
eluted from the chromatogram. It gave a positive | 
nitroprusside reaction only after reduction with 
alkaline cyanide solution, and yielded cysteic acid 
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and penicillamine sulphonic acid after oxidation 
with aqueous bromine. These reactions have been 
described previously for D- s 
Theee results indicate that D- e-cysteine 
lee RRT wen fosmid T ofp -benzyl- 
penicilloic acid with cystine. | 

The chromatogram of the reaction mixture super- 
natant also showed the presence of another spot 
superim on the p-benzylpenicilloic acid streak 
(Fig. 1). Tta Ry was identical to that of p-penioill- 
amme. Elution of this spot and oxidation with 
aqueous bromine yielded only penicillamine sulphonic 
acid. This spot appears to be due to the presence of 


illamine-cyster 
cysteine, the products of the p-benzylpenivilloic acid— 
cystine reaction. In aqueous solution at pH 1-5, 
D-penicillamine-cysteine was found to react with 
cysteine to yield D-penicillamine and cystine. 

The formation of the mixed disulphide of p-peni- 
cillamine and glutathione was similarly observed 
when monosodium-D-a-benzylpenicilloate was treated 
with oxidized glutathione in aqueous solution at 
pH 7:5. 

The mechanism of the p-benzylpeniocilloic acid— 
cystine reaction is unknown. Early experiments 
suggest that the reactive form of p-benzylpenicilloio 
acid may be p-benzylpenamaldic acid («-phenyl- 
acetamido ee ee ee acid) 
acrylic acid), traces of which appear to exist in 
tautometric equilibrium with »-benzylpenicilloic 
acid. 


p-Benzy. icilloic acid may react also with oystine 
disulphide li of epidermal proteins to form 
D-penicillamine-cysteine. mixed disulphide residues. 
This chemical might explam the allergio 
cross-reactivity between p-benzylpenicilloic acid and 
D-penicillamine; both of which may react with 
cystine disulphide linkages of epidermal proteins to 
form the D-penicillamine-cysteine antigenic-determ- 
inant group. Since bensylpenicillin is hydrolysed to 
p-benrylpenicilloic acid under physiological condi- 
tions", ite allergio cross-reactivity with the latter and 
D-penicillamine (unpublished work) may be similarly 

lained. 


exp. 

I wish to thank Drs. E. Perlman, 8. Schneierson 
and H. Sobotka of the Mount Sinai Hospital for their 
interest during the course of this work. 
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New Inhibitor of Monoamine Oxidase 


Tum following is the initial report of a structurally 
uni monoamine oxidase inhibitor, N-benxyl-N- 
m 1-2-propynylamine hydrochloride (419120). 
This work includes tn vitro action of this inhibitor 
on rat liver mitochondria as well as *n vivo Inhibition 
of monoamine oxidase of mouse brain and the liver. 

The mitochondria were isolated from homogenate 
of rat liver by the differential centrifugation method 


041 


of Hogeboom st al.!, and suspended in M/15 phos- 
phate buffer, pH 7-2. Homogenates of whole bram 
and liver tissue from test or control male mice were 
prepared by adding 1 ml. of the phosphate buffer 
for each 0:2 gm. tissue and homogenizing with 
Potter-Elvehjem homogenizers. 

The monoamine oxidase activity of mitochondria 
or tissue homogenates was meesured by a Warburg 
manomeirio technique at 87°C. The flasks contained 
tissue or mitochondria equivalent to 0-2 gm. of 
original tissue, M/15 phosphate buffer pH 7-2, and 
(in experiments) inhibitor. Serotonin 
creatinine was added at zaro time to give a 
final concentration of M/100 in the 2-0-ml. reaction 
mixture. During the pre-ioubation—equilibration 
period reaction mixtures were oxygenated for 5-16 
min. Calculations were based on the uptake of 
oxygen during the first 60 min. of reaction-time. 

The in vitro activity of N-benxyl-N-methyl-2 
Propynylamine hydrochloride was compared with 
that of several known compounds. All were pre- 
incubated for 25 min. The concentration of drug 
whioh produces 50 per cent inhibition of mitochondrial 
monoamine oxidase was read off the straight-line 
graph obtained by plotting the log concentration of 
inhibitor per cent inhibition. The results 
were: 419120,9 x 107 M; nialamide, 9 x 10° M ; 
harmaline, 1 x 10-* M ; §-phenylisopropyl hydra- 
zine, 4 x 10 M ; and iproniasid, 7 x 10-* M. 


Table 1. Hrracr or OUBATION Tos ON INHISrTION oF Mone. 
axon KLASID 


Pre-m 
Oxrmpasm A19120, HakwaLore AND [po 


Per oent inh{briion after 
pre-incubatzon time* 
Omin Smin. 15 min. 30 min. 








* Values as per cent of controls, 


Table 1 summarizes the effect of increasing the 
pre-moubation time at 87° O. with 419120, ipraniaxid, 
and harmaline.. Both 419120 and iproniasid show 
progressive inhibition with i increasing pre-incubation 
time whereas harmaline does’ not. aks 

In another series of ts substrate was 
added to the mitochondria and the uptake of oxy, 
followed for 80 min., then the inhibitor was added 
from a second side-arm at a concentration which 
would have given 50 per cent inhibition of mono- 
amine oxidase with 25 min. pre-incubation. Com- 
pound 419120 depressed the rate of oxygen consump- 
tion 22 per oent over controls, 54 per cent 
and iproniazid had no effect. This indicates that 
19120 e and iproniazid may not be identical in their 
mechanism of inhibition of monoamine oxidase. 

Determinations for ammonia production by the 
Conway miorodiffusion technique? and serotonin 
disappearance, by the method ae Udenfriend ot al.', 
were carried out on samples from Warburg vessels 
60 min. after the addition of substrate to mito- 
chondria. The ratios of oxygen/ammonia, oxygen/ 
serotonin and ammonia/serotonin were 0-8-1-3 for 
controls, for 419120 at 1 x 10-* M, and for iproniazid 
at 1-25 x 10* M. This agreement between the 
theoretical ratio of 1-0 and experimental values 
indicates that these inhibitors probebly act directly 
on the monoamine oxidase-serotonin system. 

The revernibility of the inhibition effect was studied 
by a procedure similar to that of Udenfriend eè al.* 


` 
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Table 2. DURATION OF ACTION OF LWHTAITION OF MONOAMINE OXIDASH 
IR Mioa BY 410120 OR IFRORIASID. DOSE, 200 Naw. /KGu 











| Per cant inhibition 
A19120 Tprontaxid 
Days Brain Bram Liver 
1/6 68 73 
1 73 93 78 85 
2 78 74 
3 7 65 
4 69 59 = 
5 59 49 58 37 
6 55 tt 
7 44 u 
8 50 38 
[o] 48 33 
10 17 6 20 12 
1g 17 0 
1é 17 7 21 9 
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exoept that the activity of monoamine oxidase was 
measured by the Warburg technique. The inhibition 
prodnoed by 410130 at 3 x 10-* M, or iproniaxid at 
1x 107° M (30 min. pre-incubation), was not reversed 
with four washings, whereas inhibition by 8 x 10-* M 
harmaline was decreased from 84 to 50 per oent. 

In a single ent the duratian of inhibition of 
monoamine oxi of mouse brain and lrver produced 
by one oral doge of 200 mgm./kgm. of 419120 or the 
same dose of iproniazid was determined. The resulta 
are in Table 2. Significant inhibition of brain mano- 
amine oxidase oocurred for at least seven days after 
administration of 419120. Although liver mhibition 
is leas than that of brain after the first day, there is 
probably no preferential inhibition of the brain mono- 
amine oxidase by 419120 at this pharmaoologically 
high dose. Preli data from our laboratories 
also indicate that 419120 causes maximal increase 
in brain norepinephrine. Pharmacological work is 
now in progreas and will be reported in a separate 
publication. 

The results obtained im this work show that 
A19120 is a potent inhibitor of monoamine oxidase 
of a new structural type, and thus the present oon- 
cepts of inhibition of monoamine oxidase should be 
enlarged. 
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Syntheses of Glucose, Celloblose and Other 
Saccharides by Acetobacter acetigenum in a 
Lactate-buffered Glycerol Medlum l 


Wa have cultivated Aostobacter acetigenum N.C.I.B. 
8132, a oellulose-forming micro-organism, in 10 litres of 
medium in 40 ‘Glaxo’ flasks, which were shaken during 
incubation at 30° for twenty-one days. The medium 
contained [L): potassium dihydrogen phosphate, 
2-0; ine magnesium sulphate, 1:0; crystalline 
ferrous sulphate, 0-01; ammonium hydrogen hog- 
phate, 2-5; calcium p-pantothenate, 0-002; riboflavi 
0-002; biotin, 0:0001; gtycerol, 30; lactic acid, 10-2; 
the pH value was adjusted with poteasnmm hydroxide 
to 4:6. The metaboliam solution was Seitz-filtered to 
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remove cells and cellulose and concentrated to 500 ml. 
over barium carbonate, +n vacuo at 35°. Activated 
charcoal, ‘Ultrasorb §.0. 120/240’ (British Carbo Norit 
Uae ee ee aa was sieved 
through a British Standards 170 mesh and the material 
retained on the sieve was used to pack two ‘Pyrex’ 
columns (188 x 7-8 am.) to a depth of 105 om. 

each column 1-9 kgm. of this charcoal rested on a 
pad of glass-wool overlayed with 100 gm. of ‘Celite’ 
added as a slurry m water. The columns were washed 
each with 5 litres of 50 per cent (v/v) aqueous ethanol 
and then each with 20 litres of distilled water. After 
removal of insoluble barium salts the metabolism con- 
centrate was rediluted to 10 litres with distilled water 
and passed through the columna during 14 hr. Each 
column was eluted with 80 litres of distilled water 
followed by aqueous sthanol solutions (each of 50 
litres) in which the Ive ethanol percentages 
(v/v) were 0-5, 5, 10, 20, 85, and 50. Six aqueous 
lic fractions, Ará., were collected and concen- 
trated at 35°. Portions of each were de-ionized with 
‘Zeo-Karb 225’ and “Deacidite 2” and chromatographed 
on paper against autheritic sugars using (a) »-propanol/ 
water/ethylacetate, 7:2:1 by volume; (6) pyridine/ 
water/ethylacetate, 1:2:2 by volume; (o) ethyl 
acetate/acetic acid/water, 3:1:3 by volume. The 
chro: gave evidence of the presence of the 
folowing sugara: As, glucose, fructose, xylose, and 
ribulose; As, similar to As together with a trace of 
cellobioee; A4, mainly cellobiose; As, cellotrioge and 
cellotetracse. Fraction Á; was then de-ionized and 
submitted to column partition chromatography ac- 
cording to the procedure of Lemieux,- Bishop and 
Pelletier, which involves the use of ‘Celite No. 585’ to 
hold the stationary phase. After irrigation with water- 
saturated n-butanol, the column was extruded and cut 
into zones as determined by an alkaline permanganate 
spray. A fraction was separated which, after several 
further 


mgm. of a substance which had the mobi 
when chromatographed in two different solvent 
systems. An acetate was prepared by heatmg with 
anhydrous sodium acetate and acetic anhydride, and 
after purification this had m.p. 181°, alone or mixed 
with authentic £-penta-acetyl cose of m.p. 181°. The 
infra-red spectra of both acetates were and 
no signifloant differences could be obeerved. (Found: 
C, 49-8; H, 5-8 per cent. Cale. for CieHaxOu: C, 40-2; 
H, 57 per cent.) 

The procedures by which glucose had been isolated 
were now applied to fraction A4, yielding 52 mgm. ofa 
substance which showed the mobility of cellobioge when 
yun on paper chromatograms in different solvent 
systems. The substance was acetylated with pyridine 
and acetic anhydride and the purified derivative had 
m.p. 191°, unchanged by admixture with authentic 
B-cellobiose octa-acetate, m.p. 191°. (Found: O, 49-7; 
H, 5-7 per cent. Calc. for CesHwsOis: O, 49-6; H, 5-6 
per cent.) The infra-red of this octa-acetate 
and that of authentic f-cellobiose octa-acetate were 
without significent differences. 

When lactate is metabolized by A. aostigentem im 
absence of other sources of carbon it is mainly oxidized 
through acetate to carbon dioxide, though m oertain 
liquid media it oan serve as a source for formation of 
cellulose’. It seams probable that in our experiments 
the lactate played a dual part, some of it suffermg 
oxidation and thereby sparing glycerol for cellulose 
synthesis, and some of it undergoing conversion to a 
metabolite on the pathway to cellulose. So far as we 
are aware, neither glucose nor cellobiose bas hitherto 
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been isolated from the products of bacterial 
action on either or lactate, although the 
formation of glucose in cultures of Poria vaillanisi on 
a glycerol medium has been reported by Sison and 
Sahubert*, while Horecker’ bas suggested a cyclic 
mechanism by which this conversion may be effected. 
It is proposed to report the work in further detail 
elsewhere. 
One of us (K. R.) acknowledges the receipt of an 
Imperial Chemical Industries Research Felléwahip. 
0: P. Jackson 
K. RaMsaMUBTI 
College of Science and Technology, 
University of Manchester. 
odes a eee X J., Okan. and Indust., 884 (1958) 


3 Bourne, H. J., and Weigel, H., Chem. and Indust, 133 (1054). 
* Bison, B. ©., and Sarubert, W. J., Nature, 181, 1015 (1058). 
* Horecker, B. L., Brewers Digest, 98, zié (1958). 


Distribution of Protein-bound Aminoazo Dyes 
in the Rat Liver Microsome 


Evipanos has been obtained that rat liver micro- 
somes are the site where the formation of protein- 
bound aminoexo dyes occurs’. On the other hand, 
one of the most important parts played by the miaro- 
some is known to be protein synthesis. Littlefield 
æ al.‘ further fractionated the microsame by means 
of sodium deoxycholate and pointed out that the 
protem in the deoxycholate-insoluble fraction, 
ribonuocleoprotein particles, showed a particularly 
high turn-over rate, suggesting that protem is in fact 
synthesized in this fraction. This suggestion was 
supported by other authors’. 

In investigating the carcinogenesis due to amino- 
azo dyes, it is an inevitable whether the 
protein-bound dye is detectable even in the fraction 
with such a high turn-over rate as the microsome 
ribonnaleoprotem fraction. Despite the fact that 
Aroos and Arcos? are inclined to the view that no 
protein-bound dye was found in this fraction, we 
repeated a similar experiment but on a somewhat 
larger scale, since their evidence seamed to be incon- 
clusive. 


Rats which were fed 3’-methyl-4-dimethylamino- | 


azobenzene coated on rice (0:06 per cent) were killed 
after 2 weeks when the protein-bound dye is oon- 
sidered to be a maximum. The liver microsomes 
were prepared aoco to Schneider’s method 
and washed once with 0:25 M sucrose solution. - The 
unsedimented fluid was designated as ‘supernatant 
fraction’, The microsomes were further fractionated 
by means of sodium deoxycholate as proposed by 
Littlefield e al.4. Thus we obtained three fractions, 
namely, deoxycholate-insoluble fraction (ribonucleo- 
protein fraction) and deoxycholate-soluble fraction 
from microsomes and the supernatant fraction. A 
small portion of each fraction was withheld for the 
protein’ and ribonucleic acid‘ assays and the rest was 
subjected to protein-bound dye (polar dye) determ- 
ination’, 

The results are summarized in Table 1. This 
clearly shows that a definite amount of protein- 
bound dye is detected in the ribonucleoprotein frac- 
tion. The total amount of this protein-bound dye in 
the ribon in fraction is obviously lower than 
that in the other fractions. If, however, the protem- 
bound dye concentration is expressed on a per unit 


Table 1. 

















Hierso. 
Fraction -inaolnble soluble | Supernatant 
Exp.i | Liver used (gm.) 87 
Protein (mgm.) 105 750 
mgm.) al 68 30 
Paap (7) 2-6 27 
Palar dye (5100 
Exp. 2 Liver ‘vaed (gm.) fi 60 33 
~ | Protem (mgm. 65 580 2,700 
(mgm.) 56 18 
Polar dyo 20 15 o 
Polar dye (y)/100 
8-1 2-8 3-4 
eee E 





* The amount of polar dye is expressed in terms of DAB tentatively. 


mgm. protein basis, the figures for the three fractions 
stand very closely to each other. 
The significance of the finding must await further 
mpa imna which are now being carried out here. 
This experiment was supported partly by the grant 
from the Ministry of Education, Japan. 
T. YAMADA 
M. Marsumoro 
8. KANDA 
H. TIRAYAMA 
Department of Biophysics and Biochemistry, 
Faculty of Science, 
University of Tokyo, 
Tokyo. 
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Water-soluble, Non-fibrous 
Deoxyribonucleoprotein from Calf Thymus 
Nuclei 


A WATEB-SOLUBLĦ, Ron-viscous form of deaxyribo- 
nucleoprotein has been isolated from purified calf 
thymus nuclei by & process that minimizes enzyme 
degradation. Previously the only preparation of 

oleoprotein generally accepted as unde- 
graded has been the fibrous one, forming gels in water 
and only slightly soluble, with a molecular weight of 
17 million}. 

Fresh calf thymus glands are frozen immediately 
on removal from the animal and to a powder 
in the frozen state in the presence of ‘dry ice’. Only 
this has been found to produce intact, 
round nuolei, as confirmed by microscopic examina- 
tion, without excessive clumping, when the ground 
material is suspended in the purification medium at 
04°C. 

The purification medium is modified fram those of 
Dounce e al." and Philpot and Stanier*, and is com- 
posed of 0-44 M sucrose, 40 per lyoerol, 
0-039 M sodium glycerophosphate, S010 Wee 
buffer (pH 6-1, ionio strength 0-15). 


gt 
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1M Wa0l-Po, 4,080 +770 291 +31 LE ES e i 15 9424 
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meo gradient, a amuming a 
Tamia of rte calooaied fo tax into apooant the oeei on viscoutty of 
standard deviation for the soattering of 


line portion of a typical 


The intact nuclei are rapidly washed with this 
-medium and i at 1,2007. The process is re- 
peated four times, followed by a slow-speed centrifuga- 
tion to remove whole cells and clumpe. Immediately 
afterwards, the nuclei are extracted with water and 
centrifuged three times at 4° O. This washing 
with water appears to be of special signi for 
the chemical interactions ining the state of 
the deoxyribonucleoprotei, and will be the subject 
of a forthooming publication. The swollen gel óf 
nuclei is adjusted to 0-14 M sodium chloride and hand- 


only taminute. A finely divided mass of disrupt- 
ed nuolei is thus obtained, giving a solution of non- 
fibrous deoxyribonucleoprotein after dialysis against 
0-7 mM phosphate at pH 9, at 4° O. and, finally, olari- 
floation at 25,0007. The resulting solution was used for 
the viscosity and sedimentation work reported here. 
It should be pointed out that fibrous deoxyribo- 


mildly but rapidly, the process taking , 


nucleoprotein is obtained from the nuclei washed in . 


the medium, if, mstead of the washing with water 
and hand homogenization in 0-14 M sodium chloride, 
the purified nuclei are dissolved directly m 1 M 
sodium chloride and clarified by oentrifugation. 
The fibrous deoxyribonucleoprotem thus obtained 
and described here corresponds to preparations 
previously reported in the literature‘. 

Visoosities were measured in 4-bulbed Ubbelohde 
vVisoometers, in those of the Frampton type’, and ina 
Couette viscometer, to give a range of velocity gradi- 
ents of 1-600 seo.-!. 

The distribution of sedimentation ovefficients 
corrected to 20° O. in water was determined in the 











protein from 
Togm,/e-6. (courtesy of Dr. E. VY. Shooter) 


of the material. 


from tho straight lino ted by least mean squares obtained for 


Spinco Model Æ analytical ultracentrifuge and 
calculated by the method of Shooter and Butler’. 
The solvent used was 1 M sodium chloride, 0:7 mM 
phosphate, pH 7-1 and 0-7 mM phosphate for the 

non-fibrous deoxyribonucleoprotein only. Ultra- 
violet absorption optics permitted measurements at 
concentrations as low as 0-01 per cent (optical 
density equal to 1) or less. 

Concentrations were determined by nitrogen 
analysis and dry weight (indicating 17 cent 
nitrogen in deoxyribonucleoprotein), or by the ultre- 
violet absorption at 260 my for preparations for 
which the extinction coefficients were known. - 

Viscosity and sedimentation determinations for 
both non-fibrous and fibrous deoxyribonucleoprotem, 
summarized in Table 1, show the striking contrast 
between these two forms. Fig. 1 shows that not 
only is the average sedimentation constant of the 
non-fibrous deoxyribonucleoprotein much lower than 
that of the fibrous, but also that it is distinctly more 
homogeneous ; thus there is an increase in propor- 
tionate slope and also the last 5 per oent of highly 
aggregated material is eliminated for the nan-fibrous 
sample. Whereas the fibrous deoxyribonucleoprotem 
shows an average sedimentation constant of 39 S 
at a concentration of 0-037 mgm./o.c. in molar salt, 
thet observed for the non-flbrous preparation is 

lower, namely, 8:2 S. Paralleling this 
contrast is that observed for the axial ratio a/b 
for the fibrous form being 291 and that for the non- 
fibrous form 135 in molar salt or 96 in dilute buffer. 
Molecular weight calculations from these data lead 
to the values of 16 million for fibrous deoxyribo- 
nucleoprotem and 0-77 million for the non-fibrous 
form in molar salt for the average-sized particles, 
assuming effective hydrodynamic ellipsoids’. 

All the results clearly support the hypothesis thats 
there are much smaller sub-unit partiolea of deoxyribo- 
nucleoprotein than those of fibrous deoxyribonucleo- 
protein, commonly aoocepted as such. Hnzrymatio 
degradation during the preperative steps is mest 
unlikely ; first, because the mild hand homogenixza- 
tion, the all-important step connecting fibrous 
preperations with the non-fibrous ones, is socom- 
plished so rapidly, and secondly, because in a control 
experiment, nuclei washed with the purifloation 
medium only yielded fibrous deoxyribonucleoprotein 
after standing at 4° for as long as 4 days in 0-14 M 
sodium chloride. 

Work now in progress indicates that the deoxyribo- 
nucleic acid obtained from the non-fibrous deoxyribo- 
nucleoprotein by salt and detergent dissociation has 
an average sedimentation coefficient of 5-3 S in molar 
salt, which is lower, as expected, than for the carre- 
sponding deoxyribonucleoprotem preparation. This 
finding lends further support to the view that the 
non-fibrous preparations are comprised of partioles 
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which are sub-units of the conventional fibrous 
particles. 
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PHYSIOLOGY 


Adenosine Triphosphate and Maintenance of 
Shape of the Human Red Cells 


ALTHOUGH the mechaniam with which red blood cells 
maintain their biconcave shape has been studied by a 
number of investigators, it has not yet been clarified. 
Some twenty years ago Furchgott and Ponder! pro- 

the existence of an antisphering factor in the 
lood plasma, but later Ponder! himself cast doubt on 
this. More recently, Prankerd' suggested that the red 
cell envelope might possess certain contractile proper- 
ties dependent upon a contmuous regeneration of 
adenosine triphosphate, according to the evidence that 
incorporation of phosphorus-32 is low in the esters of 
the stroma obtained from those species with spheroidal 
red oells or from patients with hereditary spherocytosis. 
However, no detailed experiment an the shape of the 
cells has been reported by Prankerd or by others. 
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Tn our expermment human red ocells obtained by veni- 
puncture were washed three times with physiological 
saline, and a 7 per cent ion of these cells in 

hysiclogical saline was incubated at 87° C. with a 
final concentration of 2 x 103 M sodium fluoride. 


all the cells were 
this time the oells were washed with cold physiological 
galine four times im order to wash out the fluoride 
thoroughly and incubated further with 5 x 10> M 
gluoose, 1 x 10-3 M inosine. and 2 x 10-3 M adenine 
sulphate to restore the content of adenosine triphos- 
phate of the cells as in the previous experimenta‘. After 
2 hr. the shape of the incubated cells turned to & bicon- 
cave disk or a shallow cup-form again. The disk- 
sphere transformation and vice versa could be 
repeated several times, and the phenomenon waa also 
observed in red cells obtained from fresh or long- 
preserved human blood or from rat or pig blood as well. 

In perallel with the morphological i aaa de- 
scribed above, the adenosine triphosphate in the cells 
was estimated as acid-soluble total phosphate adsorbed 
on and eluted from ‘Norit A’, by Fiske and Subbarow’s§ 
method, or the sum of adenosine triphosphate and 
adenosine diphosphate content was calculated from 
optical density at 260 my after separation by means of 
a alightly modified Cohn and Carter’s ion exchange 
chromatography*. The resulta shown in Table 1 
indicate that more than two-thirds of the original 
values of nucleotides was necessary for the maimtenance 
of discoid shape, and that the cells change to smooth 
spheres as the level of nucleotides decreases to one- 
fourth or one-fifth of the original level. As it is well 
established that most of the nucleotides in the blood 
cells belong to adenosine ph especially to 
adenosine triphosphate’, the amount of nucleotide 
phosphates estimated as above approximately equals 
the amount of adenosine triphosphate. 

The same transformation was also observed during 
the preservation of blood m ACD medium at 4° C.: 
the biconcave disk shape changed to crenated diak at 


Tabie 1. BHAE OF ERYTHROCYTES 40D THER NUCLEOTIDE CONTENT. WASHED Berranoortss; Lroupariox TEMPERATURE 37° O ; 
HEXATOCRIT ABOUT 7 PER CENT 
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Table 2 BHAPE OF ERYTHROOTTEN KD THEIR ÀDAMOMNN TRIPHOSPHATE CONTANT DURING PumemnvaTion at 4° O. of AOD MADIUM 




















Period of storage 1 day 12 days 28 days 56 days 100 days 
pager pera Brooncrave ornata. Smooth Smooth 
Shape of erythrocyte Sroneted smooth 
E : e 
Adenosine triphosphate uAl/100 ml oells -4 30 { 18 44 — 
Adenomne and adenomns 28 70 34 61 _ 
| diphosphate uM/100 mL calls L 

















{after about two weeks), and then to crenated 
sphere and finally to smooth spheres (after more than 
ut five weeks). Calculating from the results which 
were obtained the gradient elution technique of 10n- 
exchange column chromatography on ‘Dowex 1’ 
(formate system)’, the adenosine triphosphate content 
of the cells is summed up again in Table 2 together 
with morphological observations. M. Nakao e al.4 
have reported recently that human red cells, which 
were spherical after storage for several weeks at 4° C. 
in ACD solution, transformed to a shallow bowl form 
after incubation with added adenine and inosine, being 
accompanied by a marked rise of adenosine triphos- 
phate content in the cells. 

According to earher work’, round ghost cells 
obtained from long-stored red oells changed to a 
goblet-like shape with the addition of 0-003-0-:04 M 
or higher concentration of adenosine triphosphate 
(optumal pH 8), and they returned to the former shape 
upon addition of ethylenediamine tetraacetate in 
0-004 M concentration shortly after the addition 
of adenosine triphosphate. 

The observations presented here lead us to the 
following conclusions : 

(1) The presence of blood plasma is not ey 
for the red cells to maintain their disooidal sha 

(2) The disk-ephere transformation of red ce ; and 
vioe versa can take place without any change in 
hydrogen ion and cation concentration and tonic 
strength m the medium. 

(8) If adenosine triphosphate or adenine nucleotide 
content m red cells is greater than a certain level, the 
normal shape of the cells is maintamed, and if it is 
below this level, the ahape becomes crenate, and when 
it decreases farther, below another lower level, the 
shape of the oells changes to a perfect sphere. 

It remains obscure, however, whether the main- 
tenance of the shape of red cells depends solely on the 
level of adenosine triphosphate or on the turn-over of 
adenosine triphosphate. 

Ane t aimed at extracting astomyoen- -hke 
protein from red cell ghosts is now in progress. 


Maxoro NAKAO 
Tosarwo Nakao 
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An Abnormal Serum Protein in Experimental 
Poisoning by Cadmium and other 
Metals 


Ir has been shown by Friberg! that men exposed 
for many years to the hazard of cadmium mhalation 
can excrete a protein having a low molecular weight 
in therr urine. In order to investigate this pheno- 
menon further, an investigation has been carried out 
on the changes in serum protein produced in the 
albino rat, following the administration of cadmium 
salta, using the starch-gel electrophoresis method of 
Smithies*, together with the modification in the buffer 
system suggested by Poulik’. 

Among several other changes, 1t has been observed 
that following the intraperitoneal or subcutaneous 
injection of 1 mgm. per kgm. of cadmium as cadmium 
chloride, an abnormal protein appeared in the serum, 
which could be seen when the serum was analysed on , 





$ A 
iris maeb system, , 10 mamp, 2? Y a T 
Bottom, dmoontinuous borate, iru-otrate system, 500 F., 20 


mamp. 0 Y cm- for á hr. 
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eloctrophoreals of rat sera (oon 
¥.,10m amp., 2 V. em for 20 hr.) from rats 
injected with 1 mgm. per kgm. of the following metals. a, beryl- 


continuous tris-ettrate 


cobalt, 


TR ee 


a Connaught starch gel, as described by Smithies. 
Poulik described a discontinuous buffer system for 
use in starch-gel electrophoresis, and it has been 
found that an improved picture of this abnormal 
protein can be obtained by using the fris-citrate 
buffer, described by him, as a continuous buffer 
throughout the system. 

The protein, following a single injection, usually 
appeared within 24 hr., and it slowly disappeared in 
about a week. Mercury was found to behave in a 
similar way, when administered in the same canoen- 
tration, but zinc did not (Fig. 1). At a concentration 
of 20 mgm. per kgm., however, zino gave rise to the 
abnormal protein. 

This abnormal serum protein has been isolated 
from the serum of cadmium-poisoned rate as follows. 
Preliminary experiments had established that the 
protein was precipitated from serum by 37 per cent 
saturation by ammonium sulphate, and that ıt moved 
as an «-l-globulin when submitted to paper electro- 
phoresis or to a cellulose electrophoretic column 
using phosphate borate buffer as described by Gedin 
and Porath‘. Forty rate were given 1 mgm. per 
kgm. of cadmium chloride and after 24 hr. the blood 
was removed by cardiopuncture. After the blood 
had clotted, the serum was removed and saturated 
ammonium sulphate solution was added to give 40 


e.. omita, di 


per cent saturation. The mixture was left at 0° C. — 


for 1 hr.; the precipitated protein was oan 

off, dissolved in distilled water, dialysed free of 
ammonium sulphate, and freeze-dried. The 
resultant solid was dissolved im physiological rat 
saline, introduced into a Porath column 2 x 150 om. 
and run for 48 hr., at 1,400 V. and a ourrent of 24 
m.amp., using the phosphate-borate buffer as 
desembed. The fractions from this column were 
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dialysed and freeze-dried, and each fraction was 
analysed by starch-gel electrophoresis using the 
continuous its-citrate buffer system. The appro- 
priate fractions were combined, redissolved and freeze- 
dried. 0-6 gm. ofthe protem was isolated. As the 
cadmium chloride used in the experiment had been 
prepared from radioactive cadmium-115, radioactivity 
measurements showed that the protein did not bear 
any cadmium. 

A group of other common metals, some generally 
considered toxic, and others present in trace amounts 
in the body, was admunistered, all at a dose-rate of 
1 mgm. per kgm. body-weight. The response of the 
animals (ao far as the production of the protein after 
24 hr. was concerned) was in the following order : 
mercury > beryllium, cadmium, copper > mangan- 
ese > chromium, nickel. Cobalt, lead and iron did 
not give a visible band under these oonditions 
(Fig. 2). 

The observation that mercury and cadmium salts 
produce the abnormal lme, in the serum of rats, and 
can also give rise to proteinuria in man, when absorbed 
over many years, may help to clarify the mechanism 
of metal poisoning and proteinuria. 

Experiments are in progress to looate the source of 
production of this protein using fluorescent antibody 
techniques, and & to elucidate poesible suto- 
immune reactions to this protein in the rat, following 
our observation that the protein disappears from the 
blood after some 6-8 weeks of thrice-weekly doses of 
0-5 mgm. per kgm. of cadmium, administered mtra- 
peritoneally. 

A full account of this work will be published 
shortly. 
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‘Comparison between the Effects of Cysteine 


and of Anoxia on the Rate of Mitosis in Lens 
Epithelium 


Bors anoxia and pretreatment with certain thiols 
will reduce the sensitivity to radiation of many 
of living organisms. The poesibility that thiols pro- 
teot against radiation damage because they lower 
oxygen tension has been reviewed by Gray! and by 
Pihl and Eldjarn*. In spite of all the work done it 
is not yet clear whether the protective thiols act 
by inducing tiesue anoxia or by some other 
means. 

Pirie and Lajtha* found that injection of cysteine 
into a rabbit inhibited ocell division in the lens epı- 
thelrum, the mitotic inhibition beginning about 
18 hr. after injection and lasting four days. von 
Salimann‘ had previously shown that cysteine given 
before irradiation will prevent radiation cataract in 
the rabbit lens. Since measurement of mitosis in lens 
epithelium is & simple quantitative method of assess- 
ing an effect of cysteine in vivo—whether related to 
protection against radiation or not—we thought it 
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worth while to compere the mitotio imbibition 
caused by oysteie with that caused by lack of 
oxygen. 

Rata, aged 7-11 weeks old, were used, and oom- 
parisons were made between normal and treated 
litter mates. Cysteme treatment consisted m a single 
intravenous injection of 10 per oent cysteine, at a 
dosage of 100 mgm. oysteine/100 gm. body-weight. 
The rate wero killed at about 8, 18, 24, 32 and 48 hr. 
after injection. Anoxia was achieved by keeping the 
rats in an atmosphere of about 5 per cent oxygen, 
l per cent carbon dioxide and 94 per oent nitrogen 
for up to 18 hr. Rate were killed after 7, 0 and 
18 hr. anoxia, and after 18 hr. anoxia followed by 
2, 6 or 30 hr. in the normal air. Total mitotic 
counts were made m whole flat preparations of lens 
epithelia’. 

The duration of anoxia is definite, but the 
of time durmg which cysteme, plus cystine and 
breakdown products, were present in the blood and 
aqueous humour is not known, nor is the necessary 
effective ooncentration. von Sallmann, Dische, 
Ehrlich and Munoz‘, however, have shown that, in 
the rabbit given a somewhat smaller intravenous 
dose of cysteine (70 mgm./100 gm.), the cysteine plus 
cystme reached maximum levels in the blood and 
aqueous humour within 1-2 hr., and in 6 hr. had 
fallen to well below half these values. It is reasonable 
to assume, therefore, that the length of time during 
which oysteine and its products were present at 
effective levels was certainly no longer than the 
18-br. period of anoxia. 
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between 
of anoxia (x) on the rate of mitosis im lens ep 


. The effect of cysteine, and of anoxia, on the number 
of mitoses in the lens epithelium is shown m Fig. 1. 
There were no cells in any of the prepara- 
tions. The figure shows that, after 7, 9 and 18 hr. of 
anoxia, the rate of mitosis had dropped to well below 
50 per cent of normal ; when the rate were returned 
to air there was a rapid return to the normal level, 
recovery being probably complete within 6 hr. With 
cysteme, on the other hand, there was no significant 
decrease in mitosis untl 24 hr. after the injection, 
and the rate was still depressed at 48 hr. 

Thus in this particular system, and under these 
particular conditions, the effect of cysteine can be 
clearly distmguished from that of anoxia. 
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Serotonin, a Melanocyte-stimulating 
Component in the Dorsal Skin Secretion 
of Xenopus laevis 


Ir 1s well known that a variety of substences are 
able to produce a dispersion or concentration of the 
pigment granules in the melanocytes of Amphibia 
tn vivo. However, the number of compounds which 
produce a dispersion or concentration of these granulea 
in melanocytes of isolated pieces of skm 1s much 
smaller. Any secondary reactions may be excluded 
by this latter m vitro method of testing. At the 
t stage of investigation, in vitro studies may 
be of value, though it should be realized that what 
happens in Nature may not be comparable. 

& series of investigations, using phenylalkyl- 
amines, Burgers! found as correlation between 
melanooyte activity in vro and chemical structure. 
Furthermore, he described’ a dispersion of the pig- 
ment granules of melanocytes i isolated webs of 
Xenopus laevis after administration of an extract 
of the dorsal skin secretion of the same species. The 
purpose of the present investigation wea to determme 
the chemical nature of the active substance m this 
secretion. 

After extraction of dried, defatted akin secretion 
with methanol, the presence of several indole derrva- 
tives could be demonstrated chromatograpbically, 
and one of these proved to be active m the tn vitro 
test. Catecholamines could not be detected in the 
extracts. The ultra-violet absorption spectrum 
of the active indole compound showed a maximum at 
275 mu with a shoulder at 205 mu, suggesting the 
presence of a hydroxy-group at posrtion 5 (ref. 3). 

The absorption maxima showed an acid-base shift, 
indicating a free hydroxy-group. This was confirmed 
by paper electrophoresis at pH 13 during which the 
indole component moved towards the anode. Adsorp- 
tion of the active compound on ‘Amberlite HOG-50 
(H+), migration to the cathode during paper electro- 
phoresis at pH 7, and the fluorescence reaction of 
Shepherd ¢ al.‘, suggested the presence of 5-hydroxy- 
tryptamine (serotonin) or ita derrvatives. Identriy 
of the Rr-values of the active indole compound with 


Table 1. Rr-VALUMS OF THE ACTIVE INDOLE COMPOUND OOMPARED 
WITH 


O SHROTORLY 


Active indole | Synthetic 
compound | serotonin 
O34 0 H 








Developing hqud 


ide 
e erona Dotas aod (0 re} ge 


“after mpregnatng m 0 8 











ram chlondse 0 41 0 43 
#-Butanol/acetis aol (4 1:5) 0 49 0 49 
teo-Butanol-1, saturated with water 010 0 23 
Phenoljð 1 N h acd 

(85 . 15) 0 40 0-48 
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synthetic serotonin im several chromatographic 
systems led us to the conclusion that the active 
compound is identical with serotonin. 

Using the in vitro test, synthetic serotonin proved 
to be actrve. Activity of serotonin with respect 
to the melanocytes in vivo bas been described by 
Davey‘, whereas Wright and Lernert announced 4 
concentrating effect of serotonin tn vitro in Rana 
pipiens. ‘The presence of serotonin in the venom of 
Bufo marwmus has been escertained by Udenfriend 
eal.’, who stressed ita role as a sara of the well- 
known methylated derivatives ‘otenine, bufoteni- 
dme, etc. 

Whether there exists a correlation between the 
melanocyte activity in vitro and the chemical con- 
stitution of tryptamine derivatives is being investi- 

ted. 
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Sodlum and Potassium in Mitochondrial 
Membrane Fractions 


In a preliminary attempt to explain the observations 
that muscle! and liver’ mitochondria are able to 
transport actively potassium but not sodium, the oon- 
centrations of these ions in mitochondrial membrane 
fractions were studied and with those in 
intact mitochondria. The resulta dicated that the 
specific activity (ugm. sodium or potassium/mgm. 
dry weight) of sodium was several times greater in 
mitochondrial membrane fractions than in intact 
particles, whereas the reverse was found with 
potessium. 

Heart mitochondria were isolated from 6-9 Ib. male 
rabbits as described previously®, and rabbit liver and 
kidney mitochondria were prepared as described by 
Hogeboom‘. Mitochondria were washed three times 
with the same fluid used in homogenizing the tissues 
and then suspended with 0-25 M sucrose. To 9 ml. 
of the mitochondrial suspension, 1 ml. of a 3 per cent 
` solution of deoxycholic acid was added and the mixture 
rapidly stirred with a glass rod until it became clear. 
The deoxycholic acid solution was freshly prepared for 
each experiment by adding 15 ml. water to 750 mgm. 
deoxycholic acid (Mann Research Laboratories), and 
then solubilizing the acid by stirring in 1-4 gm. tris 
[wis(hydroxymethyljaminomsthane] buffer. The pH 
of the solution was adjusted to 7-6 by slowly adding 
5.N hydrochloric acid and then diluting to 25 ml. with 
water. To mitochondria which were not disrupted, 
1 ml. of ether 0-25 M sucrose or 0:46 M iris buffer 
(pH 7-6) was added. The reet of the procedure was 
similar to that described’ for isolating a membrane 
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Table 1. Baptum AND POTAMIIUM Cownorms OF INTACT MITOCHONDRIA 
iD MrrocHomDRlaL MOMNERAiNE 























Fracrioms 
Fxpermment Intact Mam- | Intact Mem- 
mito. brane mto. brane | 
a all ia (wg. K, 
) dry weaght) 
Liver 
1) 0-44 Af sucrose susp. O14 166 16 —* 
fa) 03% DOO 0 26 0 88 515 0 97 
2%) 05% DOO 0 25 166 616 106 
8s) 03% DOO OS 0 67 443 O45 
8) %6% DOO 0-84 1-46 ia 127 
4a 0-20 1-06 490 O75 
bf 4 days oz 142 086 074 
ater suspenmon, 
; 097 178t | O78 0 B8t 
tes) 08% DOO 0 21 158 452 0 86 
sonicated 021 402 452 370 
~ Kidney 
Ta) 08% DOO 0-27 0 66 22 0 44 
Th 0 8% DOO 0-27 101 222 0 61 
Sa 018 040 148 0-30 
6b) Membrane washed | x 018 058 148 0 28 
Oe) Oontrol _ — 172 119 
9b) ATP+c-ketogintarate — — 297 110 
Heart 
Oa 8% DOO Om O73 1-88 030 
105) 05% DOO Om 114 188 061 
lla) Mi 017 0 8 202 061 
11b) Membrane washed 2 x 017 072 2-02 0S 
128) Fresh 081 1-37 0 86 0&7 
12%) Aged 4 days 0-17 151 033 078 
Unies indicated, tonhondria were mepended with 0 $3 Af 
sucrose and treated with (DOO) to gtve a final coon- 
pp of 0 3 pi ont: figures aro usually the moan of $ mdi 
* Too for determination. 
t Mean of determma 


fraction from 0-44 M sucrose suspensions of rat liver 
mitochondria. The pellet obtained by centrifugation 
of the 25,0009 supernatant for 1 hr. at 105,000g was 
called the membrane fraction. Dry-weight determ- 
instions and analyses of sodium and potassium were 
carried out as described previously!. 

Table 1 presents a summary of the results obtained 
from experiments with liver, kidney, and heart mito- 
chondria. Although resulta were also obtained for 
the sodium and potassium contents of the fraction 
isolated by centrifugation of the mitochondria treated 
with deoxycholio acid for 20 min. at 25,000y, they 
were not included because this fraction was not homo- 
geneous and probably contained mostly mitochondria 
which were partially diarupted*. The specific activity 
of the sodium and potassium in this fraction ranged 
from 0-19 to 4:87 and from 0-15 to 1-98, respectively. 

The results in Table 1 demonstrate that the c 
activity of sodium in the membrane fractions from all 
three kinds of mitochondria treated with deoxycholio 
acid was 2-12 times greater than that in the intact 
mitochondria. The specaro activity of potassium, 
however, was 1-5-10 times greater in the fresh intact 
particles than in the membrane fractions. Washing 
the membrane fraction once or twice with isotonic 
sucrose . 8 and 11) appeared to remove little, if 
any, potassium or sodium. In four experiments, a 
comparison was made between the ion contents of 
membrane fractions obtained from 0-3 per cent and 
0-5 per cent (or 0-6 per cent) particles treated with 
deoxycholic acid smoe the higher concentration has 
been found to result m closely apposed membranes in 
contrast to the vesicular elemente observed in the 
electron microscope after treatment with 0-3 per cent 
deo: olic acid’. The results showed (Expe. 2, 3, 
7, and 10) that the speciflo activity was significantly 
increased, generally more so for sodium than for 
potassium, with 0-5 per cent deorycholic acid. Part 
of this increase in specifio activity was probably a 
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result of the decreased dry weight of the membrane 
fraction after treatment with 0-5 per oent deoxychalic 
acid, the average dry weights d ing from 12-6 to 
7-8 mgm. for liver, from 17-4 to 10-7 mgm. for kidney, 
and from 13-6 to 11-6 mgm. for heart. 

In order to determine whether the increase in the 
potassium gradient, which ocours when mitochon- 
dria are incubated in & medium to which an adenine 
nucleotide and oxidizable substrate are added, is due 
to an increased amount of the ion in the membrane 
fraction or in the rest of the mitochondrial water, 
kidney mitochondria were incubated m ea medium 
(0-25 M sucrose, 0-005 Af magnesium sulphate, 0-005 M 
potesmum phosphate buffer, pH 7-4, 0-005 M sodium 
phosphate buffer, pH 7-4) with or without the addition 
of 0-001 M adenosine triphosphate and 0-02 M a- 
ketoglutarate. After 20 min. incubation in air at 87°, 
deoxycholic acid was added to half the mitochondrial 
suspensions to give a final concentration of 0:3 per cent 
and the membrane fraction was isolated as described 
previously. Untreated suspensions were centrifuged! 
to separate the intact mitochondria from the sus- 
pendmg medium. The resulta showed that the 
potassium gradient: 


m.equiv. potassium/litre mitochondrial water 
m.equiv. potassium/litre suspending medium 


increased from 1-56 to 2:83 when adenosine triphos- 
phate and a-ketoglutarate were added to the medium, 
the specific activity of potassium increasing from 1-72 
to 2-97 (Exp. 9). Since the specific activity of the 
membrane fraction of the two groups was practically 
the same, this experiment demonstrates that the 
increased which 1s accumulated does not 
concentrate in the membrane. The rather small 
difference in speorfic activity between the intact mito- 
chondria and the membrane fraction in this 
experiment may be a consequence of suspendmg the 
particles in a relatively potassium-rich medrum for 
Incubation. 

`~ The deoxycholic acid used im these expermments 
contained considerably less than 1 pgm. potassium/] ml. 
solution, but it did contain 5 pgm. sodium/1 ml. solu- 
tion. Sinoe the total sodium in the membrane fraction 
was usually 5-15 ugm., a significant error would be 
introduced into the calculation of specific activity if 
some or all of the sodium from the acid became attached 
to the membrane fraction. In attempting to demon- 
strate that the differences in sodium concentration 
between the intact mitochondria and the membrane 
fraction were not an artefact, liver mitochondna sus- 
pended either in water or 0-25 M sucrose were subjected 
to ultrasonic vibrations for 1-5 min. in a 10 ko./s. 
Raytheon sonic oscillator at 250 watta and 1-25 amp. 
The ultrasonically treated particles were centrifuged 
for 20 min. at 25,000g and the resulting supernatant 
was centrifuged for 1 hr. at 105,000g to isolate a 
membrane fraction®.’?, Although mitochondrial mem- 
branes isolated from sonically disrupted mitochondria 
apparently are not pure, in that matrix adheres to the 
membrane vesicles’, the mhomogeneity of the mem- 
brane fraction probably would not affect markedly the 
specific actavity of the sodium, especially since it is a0 
low m the intact mitochondria. The results, although 
quantitatively different (Exps. 5 and 6), tended to 
confirm those obtained with deoxycholio acid. The 
very low potassium specific ay of the intact 
water-suspended mitochondria 5) was un- 
doubtedly due to leakage of the ion the swollen 
particles since the tant after isolation of the 
mitochondria contained very much larger amounts of 
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the ion than were found in the supernatant of 0:25 M 
sucrose-suspended mitochondria. 

The data obtained from this work may provide an 
explanation for the obeervation that when muscle 
mitochondria are aged, the potassium content de- 
creases approximately 50 per cent, whereas the sodium 
content remains virtually unchanged?. The decrease 
in potassium might be explained if one assumes that 
the small quantity of membrane potassium is firmly 
bound (see Expe. 8 and 11), while the rest of the 
mitochondrial potassium is either not bound or is 
bound to compounds which leak out of the particles 
during ageing. Since most of the mitochondrial sodium 
appears to be concentrated in the membrane fraction, 
ageing would not affect it, if one again assumed that 
a foe tightly bound. In this connexion, the sodium 

tassium in the membrane fraction of mito- 

aged for four days by suspending them in 

Gi eee eee 
ficantly (Expe. 4 and 12). 

Whether the differences in sodium and potas- 
sium concentration m the mitochondrial membrane 
fraction have any connexion with the imability of 
muscle! and liver? mitochondria to transport sodium 
against a concentration gradient cannot be assessed 
at the present time. Further work on this problem is 
in progress. 

This investigation was supported by grants from the 
National Institute of Arthritis and Metabolic Diseases 
and the American Heart Association. Iam grateful 
for the very skilful technical assistance of Mra. Patay 
L. 8. Smith and Mr. Arthur Nathanson. 
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Antigonadotropic Function of the Pineal 
Gland and the n of the 
Neurosecretory Hypothalamic System 


Taa existence of an active substance in the pineal 
gland capable of mhibiting gonadotropic hormones is 
supported by most authors who have studied this 
problem. On the other hand, nothing has been 
revealed concerning the mechanism which causes 
this inhibition. The existence of a direct interaction 
between the pineal-inhibiting factor and gonadotropic 
hormones does not seem likely. In connexion with 
investigations carried out on snti-androgenic fractions 
of bovine pineal gland, one of us claimed that the 
Se function of the pineal gland waa 
exerted at the level of the subcortical centres inhibited 
by iti. 

On the other hand, the work of Shibusawa et al. 
and Martini ¢ al.* seems to indicate that oxytocin 
represents the releasing factor for gonadotropic 
hormones. 
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If this hypothesis is correct, the anti io 
Ramiona of fha pineal Gand Gugui:to be exeriad 
through tbe blocking of the oxytocin as a releasing 
factor in the nuolei of the neurosecretory hypothala- 
mic system. 

Our experiment was performed on 12 adult male 
dogs weighing about 15 kgm. The animals were 
divided into 2 groupe- 6 animals served aa controls 
and another 6 were given intravenous injections of 
10 ml. protein extract of bovine pineal gland contain- 
ing a nitrogen ivalent of 0:03 mgm./ml. The 
animals were 5 br. after the administration of 
the pineal extracts, with as little paychio disturbance 
as possible, by the rapid intravenous injection of 

esium as & 25 per cent w/v aqueous solution 
of the sulphate. The whole brain and pituitary body 
were ramoved in about 10 min. and placed in 20 vol. 
of anhydrous acetone. The supra-optic nuclei, the 
paraventricular nuclei, the tuber cinereum and the 
neurohypophysis were isolated. Extraction was 
performed according to the method of Van Dyke st al.*. 
Holton’s method’ was used for the assay of oxytocin. 
All determinations were performed in comparison 


with U.S. Pharmacoposia posterior pituitary reference 
standard. ` 


- The normal amounts of oxytocin that we found in 
the paraventricular nucleus is in strong agreement 
with those of Van Dyke et al.+. 

Five hr. after the intravenous administration of 
10 ml. protein extract af bovine pineal gland, the 
oxytocic activity of the paraventricular nucleus 
increased from 30 + 9 to 90 + 12 mp (Fig. 1). We 
consider this increased concentration of oxytocin to 
be due to blocking of this polypeptide under the 
action of the pmeal extract. 

In a recent paper’, a very low oxytocic activity was 
described in the nuclei of the neurosecretory hypo: 
thalamic system during the releasing of gon. 
hormones. In the present work, concomitantly wh 
the blooking of gonadotropic hormones, there is a 
significant meorease of the oxytocic activity in the 
nuclei of the neurosecretory hypothalamic system. 
This parallelism between the releasing or bloking of 

otropio hormones and releasing or blocking 
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at aaah of oxytocin in the neurosecretory hypo- 
thalamic system supports the hypothesis of Shibu- 

sawa and Martini according to which oxytocin or an 
active substance associated with it representa the 

ing factor for the gonadotropic hormones. On 
the other hand, this iment shows that the anti- 
gonadotropic function of the pineal gland is achieved 
through blocking of the oxytocin or of an active 
substance associated with it in the neurosecretory 
hypothalamic system, and not through the direct 
interference with goanadotropic hormones. The 
antigonadotropic function of the pineal gland is in 
fact an antigonadotropio hormone function. This 
hypothesis is strongly supported by Milin’s histo- 
physiological mvestigations'. He found a lowered 
activity of the nuclei of the neurosecretory hypo- 
thalamic system in the rabbit during the blocking 
of the gonadotropic hormones by darkness and an 
increased activity of these nuclei during the releasing 
of gonadotropio hormones caused by light. In the 
first oase, the pineal gland is hyperactive, in the 
second hypoactive. Investigations which are under 
way concerning the action of pineal extracte on vaso- 
preasin in the neurosecretory hypothalamic system 
make us assume that the antioorticotropic function 
of the pineal gland is exerted through the inter- 
mediary of vasopressin as a releasing factor of 
& subetance associated with it, and not through 
the direct interference with adrenocorticotropic 
hormone. 

Thus, it seems that the antigonadotropic mechan- 
ism consisting in the blocking of releasmg factors 
represents a general pattern according to which the 
pineal gland exerts its antitropio functions. Investi- 
gations now being carried out will, we hope, furnish 
new data on the relationship between tropic hormones 
and the releasing factors in the neurosecretory hypo- 
thalamio system. 
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Autonomic Nerva-Smooth Muscle 
Transmission 


Desrrre extensive work on the morphology and 
pharmacology of autonomic effector systems, very 
little is known about the mechanism of tranamission 
of excitation from nerve to amooth muscle. In the 
present work our approach has been to apply 
modern electrophysiological methods to a eb 
sutonomic nerve—smooth muscle preparation in a 
manner similar to that described for the skeletal 
neuro-muscular junction?. 

Smooth muscle cells from the longitudinal layer of 
the vas deferens of the guinea pig were impaled with 
capillary microelectrodes and membrane potential 
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Fig 1. Membrane potentzal recorded from a aingle smooth musale 
fibre of the vas deferens of the guinea pig during repetitive stimu- 
lation of the hypogasinn narve (sum macc. duratiqn). Buo- 
cessi ye ‘junehon potentials’ morease m amplitude and rate of 1ise. 
Summation coca ont at a ciwen! depolansadon a spike isnt 


changes recorded during repetitive stimulation of 
the hypogastric nerve. The vas deferens was never 
spontaneously active. In the experiment illustrated 
in Fig. 1, the resting potential was 65 mV. Five 
successive stimuli resulted in depolarizations of 
progressively greater amplitude until, at a critical 
membrane potential (37 mV.), a spike was initiated 
and a vigorous contraction oocurred. The membrane 
potential at which the spike arose was remarkably 
constant for the majority of cells (85-38 mV.). The 
number of stimuli required to reach this threshold, 
however, was variable. 

The mean resting potential of the vas deferens was 
57 mV. (SEy = 6 mV.). The spike was similar m 
configuration to those recorded from the taenia coli of 
the guinea pig" and the uterus of the rat’. Spike 
amplitudes of up to 84 mV. were recorded (mean 
68 mV., Sy = 8 mV.); overshoota were up to 
20 mV. The positive phase of the spike (after-hyper- 
polarization) generally brought the membrane poten- 
tial back to, or beyond, ita resting-level. 

We have decided to call the sucoeserve depolariza- 


. tions in response to nerve stimulation ‘junction 


potentials’. We felt that the term ‘end-plate poten- 
tial’ was best reserved for tissues where & definite end 
plate region could be distinguished ; the term ‘post 
synaptic potential’ did not seem appropriate since, 
at present, there is no histological evidence for any 
structure resembling a neuronal synapse in smooth 
muscle. 

Both the amplitude and the rete of depolarization of 
the junction potentials increased with suoceesive 
stunuli, this facilitation occurri even when the 
mterval between stimuli exceeded 500 msec. The 
rate of depolarization of the junction potential was 
slow compared with other post-synaptic potentials. 
The rate of decay of the junction potential varied 
greatly from preparation to preparation. We think 
it 18 unlikely that this slow decay is dependent on the 
time-constant of the membrane, but that ıt may 
represent slow destruction of the transmitter. Brown 
and Gillespie‘ that at least 100 msec. ware 
required for destruction of the noradrenalme released 
from cat spleen by splenic nerve stimulation. 

Junction potentials could be recorded in cells 
along-the entire surface of the vas deferens. Their 
amplitude and latency varied somewhat from ocell to 
cell, but there was no indication of a defined end-plate 
region. The functional distribution of nerve iain 
therefore appears to resemble that of crustacean 
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tauscle’. The amplitude of the junction potentials 
was dependent on the number of nerve fibres stimu- 
lated. If the hypogastric nerve was stimulated sub- 
maximally, the amplitude of junction potentials 
all over muscle was reduced. 

In the abeanoce of nerve stimulation small ‘miniature 
junction potentials’ were recorded which presum- 
ably indicated the spontaneous release of transmitter. 
Their frequency wes lower than that observed at the 
skeletal neuromuscular junction*. Their amplitude 
was larger (up to 18 mV.) ; but this may be accounted 
for in terms of the small diameter of the muscle 
fibres’. 

The response of the vas deferens to hypogastric 
nerve stimulation, was unaffected by heramethonium 
(6 x 10) and atropine (10-*), but was blocked by the 
anti-adrenergic drug darenthin (5 x 10). Thus, 
stunulation appears to have been post-ganglionic 
and the transmitter is moet likely to be noradrenaline. 

These results will be published in detail elsewhere. 

We wieh to thank Dr. Michael Rand for intro- 
ducing us to this preparation and for assisting us 
with the pharmacology. 
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PSYCHIATRY 


Paradoxical Blocking and Arousa! in the 
Drowsy State 

THERE have been many attempts to investigate 
the hypnotic state makmg use of the eleotroencephalo- 
graph. Though olmically the subject might have the 
appearance of slee eas electroencephalograph Was 
not found to be erent from that found in the 
wide-awake hypnotized state. Darrow 6 al.! believed 
that the electroencephalograph in hypnosis had ohar- 
acteristios that distinguished it from both true sleep 
and full consciousness. Our experience does not con- 
firm either of these views, but we have not found the 
electroencephalograph of a hypnotized person to have 
any distinctive characteristics. Rather the electro- 
encephalograph of the hypnotized person can be 
characteristic of the waking or drowsing electro- 
encephalogram without hypnoms, dependmg upon 
the situation and the suggestions given. This findmg 
18 therefore in accord with thoee of older writers on 
the subject, mcluding Paul Schilder*. 

In the case we are describing, the patient had been 
hypnotized several times. Suggestions were given to 
“Allow yourself to go deeper and deeper asleep...” 
with explanations to the effect that t the word ‘sleep’ 
was here being used in & ial gense, because the 
subject was told that he could still hear and compre- 
hend the experimenter. On other occasions he was 
urged to go to sleep and become “‘oblivious to every- 
thmg and be completely relaxed”. On one such 
occasion when the record gave evidence of drowsiness 
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(in this instance for 40 sec.) it was that 
after the i ter had counted from 1 to 5, he 
would be able to open his eyes. No change in the 
electroencephalograph occurred during counting or 
while the mstruction was being given. Three seconds 
after the count of 5 the patient opened his eyes and 
there was at this time paradoxical blocking of the 
alpha rhythm (that is, the alpha appeared on eye 
opening). Despite the fact that the mstruotion was 
obeyed, arousal from the drowsy state, as illustrated 
by the electroencephalogram, did not occur until the 
patient actually opened hie eyes. Therefore opening 
* the eyes was the first external change obeerved, and 
the electrical change coincided with this. Since the 
instruction was obeyed, one would have expected the 
record to change while the instruction was being 
given. On other occasions different tasks had been. 
set, to be obeyed on counts of 8 or 5; it is therefore 
unlikely that on this occasion the correct response 
was & chance occurrence. There was one other 
occasion when the patient was instructed to rub his 
face with his hand after a count of 5. the 
instruction the record was that of drowsiness, but 
when he started to rub his face some 6 seo. after the 
oount of ‘5’, the alpha rhythm appeared. The a 
rhythm here is therefore an index of arousal. 
arousal occurred when the instruction was Siegel 
and not when it was given. This is of interest in 
view of the finding by Oswald et al.” that in light sleep 
K-complexes occurred more often to certain names, 
especially the subject’s name, rather than to mean- 
ingless sounds. They concluded that the oansorship 
controlling arousal was in the cortex. On the other 
me our example seems to pose again the question 
asked by Adrian‘: “If arrive at the cortex, 
who reads the patterns ?’’ Adrian® also said, ‘“The 
meaning of the stimulus is there before the mind 
comes to understand it’. Our example perhape sup- 
this statement, the mstruction having been 
received and then ived, and the stimulus for 
arousal comes into bemg aa a result of the significance 
of the instruction for the sleeper. We would agree 
more with Adrian‘ that the diencephalon is mostly 
concerned. ‘The physical intensity of the stimulus 
is not as important as the emotional associations” *. 
This statement is supported by our observation. The 
instruction is received and the mechanism of response 
put in tram (? understood). Hlectroencephalograph 
arousal, when it oocurs, is not therefore to the 
auditory stimulus of the instruction given nor to the 
internal mechanism set m train to provide the ultimate 
response, but takes place when this response occurs. 
Arousal is then a response to the emotion evoked 


* (104 erge/cm.?/seo.). 
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by the performance of the act itaelf and the meanmg 
of it to the sleeper. 
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RADIOBIOLOGY 


Dye-sensitized Photo-reactivation of X-ray 
Damage in Diploid Yeast 


Ix an invætigation of the binding of amino- 
acridine dyes to deoxyribonucleic acid in living clis 
we-have shown that the nucleic acid fluorochrome, 
acridine orange (8,6 ,-bis-dimethylaminoacridine), 
sensitizes both haploid and diploid yeast (Saccharo- 
mycss cerevisias) to visible light’. The significance 
of the survival curves obtamed for this acridine 
orange-sensitized photo-mactivation was further ex- 
amined by experitnents involving additivity of X-rays, 
ultra-violet and visible light. In the course of these 
additivity studies? a new effect appeared: dye- 
sensitized visible-light reactivation of X-ray damage 
in diploid oels. This effect is of special interest 
because, although ultra-violet damage having a 
nuoleic-acid action spectrum 18 partially reversible by 
visible light, OS attempte at reactivation of 

X-ray damage with visible light have not been 
snocessful?. 

The techniquee for handling and irradiating the 
yeast have bean described elsewhere‘. In the present 
experiments cells which had grown for seven days at 
room temperature on potato dextrose agar were sus- 
pended in pH 7 phosphate buffer to make a final 
concentration of 10° cellg/ml. This suspension was 

first to a dose of X-rays (dose-rate 330 r./ 
min.) sufficient to inactivate a predetermined fraction 
of the population. Then purified acridine orange 
(1 : 2,000) was added to make a final dye ooncentra- 
tion of 1: 200,000 or 1-8 x IO M ; after 20 min., 
in the dye the cells were irradiated with visible light 
The light source was a General 
Electric R-52 750-watt fiood lamp. ies output of 
this lamp was filtered through a per ~ sulphate 
solution and a Corning filter No. 3380 t to remove 
infra-red and near ultra-violet components which 
cause inactivation m the absence of the dye. 

The resulte of a typical experiment are shown in 
Fig. 1. Here, the suspension was irradiated with 
X-rays until 85 Leia of the original population 
was inactivated ( is, to the 15 per cent survival- 
level). (Similar results are obtained for both lower 
and higher levels of survival.) In all cases, su ent 


‘irradiation with low doses of visible light (in the 


presence of ya) orae RE cowie eG 
thus indicating a repair ar by-pass of part of the 
damage produced by the X-rays. With in 

dose, simultaneous killing by the visible light first 
lessens and finally overrides the observed reactiva- 
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tion. At the apparent maximum (60 s00.), the dose 
reduction factor for X-ray damage is 165/144 == 1-14. 
The actual maximum degree of reactivation is prob- 
ably much higher and could ordmarily be determined 
graphically by subtracting the normal visible light 
inactivation curve, were ıt not for the quantitatively 
unknown degree of additivity of X-rays and visible 
light. (The visible light inactivation curve which 
would occur in the absence of reactivation is steeper 
than the ordinary curve for a non-pre-irradiated 
population because of the existence of common sites 
for X-ray and visible-hght damage.) 

This reactivation of X-ray damage is not found 
in haploid yeast. Since the dye-sensitized visible 
light survival curve for haploid oells surviving X- 
irradiation is identical with that for non-pre-irradiated 
cells, there is not only no morease in survival, but 
also no mteraction of the two irradiations at all. 
This lack of haploid reactivation suggests some 
somalia between the inactivation process for the 

oe ee that is not necessarily associated with 
genetic duphecation. Clearly, either the re- 
aotivable site m the diploid accounts for, at most, a 
very small part of the X-ray damage in the haploid 
(which implies some independence m the X-ray sites 
of the haploid and diploid), or the site 1s present in 
both haploid and diploid; but, because of some 
difficulty in the dye-binding or sensitization process, 
it is not reactivable in the former. It is difficult to 
separate these possibilities, since from additrvity and 
survival experiments we have been able to conclude 
only that for X-rays and visible light (with dye) 
some of the haploid ertes are also diploid mtes and 
some of the X-ray sites are also vimble sites; we 
have not yet been able to determine the degree of 
overlap or to equate one part with another. Re 
activation by visible light involving a dye which 
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binds deoxyribonucleic acid nevertheless strengthens 
the view that part of the X-ray damage to a cell is 
damage to deoxyribonucleic acid molecules. 

It has been reported that X-ray damage in yeast 
can also be repaired, in part, by ultra-violet light’. 
In this case, aleo, there 18 a decreased effect in the 
haploid, although m a genetically related non- 
respiring haploid the effect is the same as in the 
diploid. However, sinoe ultra-violet reactivation of 
X-ray damage is found only with actively budding 
cella rather than the resting cella used in the present 
work, a comparison is probably not valid, especially 
since there are striking differences in the X-ray 
curves for resting and budding populations’. 

This mvestigation was aided by research grant 
0-2739 from the National Cancer Institute of the 
United States Public Health Service. One of us 
(D. F.) was supported by a National Science 
Foundation pre-doctoral fellowship. 

Davin FEmMFALDAR* 
Roszrt B. Unars 
Committee on Biophysica, 
University of Chicago, 
Chicago 37, Dlmois. 
* Present address : Department of Biology, Massachusetts Institute 
of Technology, Cambridge, Massachuse 
Freafelder, D., and Urets, B. B., rae. 731 (1960). 
¥relfelier, D., PhD. thess, Univeraity of Chicago (1989). 
Jagger, J., Bact. Rev., 28, 99 (1058). 
Urets, R. B., Rad. Res., 3, 240 (1955). 
Mkmnd, 3L IL, and Button, H., Soiemce, 188, 1082 (1088). 
Beam, O. A., Rad. Res., Bupp. 1, 372 (1959). 


Influence of Localized Ultra-violet 

Irradiation on the Incorporation of 

Adenine-8-'4C and p,L-Methionine-¥S in 
Acetabularia mediterranea 


Wa have shown recently)" that methionme 
labelled with sulphur-85 is incorporated in a de- 
creasing apico-basal gradient in the umicellular alga 
Aocstabularia madserranea. The existence of this 
gradient suggested a possible relationship between 
methionme moorporation, ribonucleic acid meta- 
bolism and the production of morphogenetic sub- 
stances m this alga. We have now exammed the 
effecta of localized ultra-violet mwradiation, delivered 
to ep stem tips or rhizoids, on morphogenesis 

and adenine and methionine incorporation, in order 
further to evaluate the reality of this relationahip 
and its implications. 

The present observations were made on whole 
algae shortly before cap formation. Irradiationa Were 
limited to either the 3 mm. of stem tip or the 
rhizoid. The ultra-violet dose applied was equivalent 
to 8 x 10 ergs/mm.*. This dose, while affective, 

oduoces no demonstrable lethality*.. Incubation with 
labelled precursors (adenine-8-“C at 0-1 po. and 
002 Mimil., D,.-methionme-™S at 0-1 uc. and 
0-002 pM ml.) occurred over a ae period imme- 
distely followmg irradiation. rated radio- 
activity was detected A ER ically by the 
methods described by Fioqt. 

While some retardation and 
morphogenesis was noted r of the point of 
irradiation, the mbhibition of ee formation was 
considerably more pronounced en the tip was 
rradiated (about 50 per cant) than when the irradia- 
tion was restricted to the rhizoid (about 14 per cent 
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inhibition). Quantitative analysis of the autoradio- 
graphs of unirradiated algae showed an adenine-“C 
ied ees gradient which was qualitatively similar 
to observed with methionine”, but whioh 
differed in methionme incorporation was 
ten times more anisa m tip cytoplasm than in the 
cytoplasm of the rhizoid ; the adenme mcorporation 
ratio between the two morphological extremities was 
only 8:1. 

Irradiation of the rhizoid led to a marked reduction- 
(about 50 per cant) in the incorporation of both 
adenine and methionine, without modifymg the 
characteristic apico-basal gradients of either; the 
inhibition produced by rhisoid irradiation was thus 
a general one. Irradiation of the stem tip, however, 
resulted in a specific inhibition of ime and 
methionine i tion in the irradiated region ; 
the cytoplasm of the rhiroid wes even more strongly 
lebelled after stem tip irradiation than im control 


These results thas the rhizoid, or more 
probably the nucleus which is located there, exerta 
a control, direct or indirect, on the synthesis of 
ribonucleic acid’ and that of sulphur-containing pro- 
teins!" ; these and ribonucleic acid accumu- 
late in the apical extremity of the alga. Ultra-violet 
Irradiation, restricted to the apical region imhibits 
both morphogenems cme is, cap development) and 
the accumulation of these substances at the stem 
tip. These new results provide further support for 
the notion that ribonucleic acid and sulphur-contain- 
ing proteins pla en important part in the morpho- 
genesis of A mediterranea‘. 


J. Baacumr 
M. J. OLazawanra* 


Laboratoire de Morphologie animale, 
Université libre de Bruxelles. ` 


* Fellow of the Rockefeller Foundation. Present address: 
oratory Of Plant Anatomy ae ee E tinari a eae: pean, 
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Identification of Transplanted Bone Marrow 
Cells in Radiation Chimeras 


. Tra beneficial effect of bone marrow transfusion m 

acute radiation syndrome is now well established. 
This effect seems to depend on the survival of trans- 
fugdd cells and their proliferation in the depleted 
hemopoietic tissues the recipient’. In view of 
this, there arises the problem of identification of 
donor cells. Various methods were devised to this 
end, each. the recognition of a certain per- 
centage of a particular cell series. 
' The purpose of this work was to find if rabbite, 
complete heterozygous carriers of the Pelger anomaly, 
may be used as donors and if transfused cells may be 
identified by thei characteristic morphological 
appearance. This consists im iflo structure of 
chromatin in all nucleated blood and bone marrow 
cells, early blast stages and orthochromatic erythro- 
blasts excepted. Moreover, the granulocytes and 
megakaryocytes are characterized by hyposegmenta- 
tion of their muolei*. _. 
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39 rabbite were to total-body X-iradia- 
tion (1,100 r.: fal ees of 600 r., followed after 


24 hr. by 500 r.). To 5 rabbits an injection of bone 
marrow cell suspension obtained from Pelger rabbits 
was administered ; 16 animals (males) were injected 
with bone marrow cell suspension from female 
donors according to the technique described by 
Porter’. The remaining rabbits served as controls, 
their mean survival-time being 10 days. 

In the first experimental group all donors exhibited 
Pelger traits in all nucleated blood and bone marrow 
cells, especially im the granulocytic erythroblastic 
and megakaryocytic series (Fig. 1), with the above- 
mentioned exceptions. All recipients were examined 
beforehand for the presence of Pelger trarts, because 
of the frequent occurrence of 1al cerriers among 
rabbite’. Following su bone merrow trens- 
plantation, donor cells could be easily identified in 
peripheral blood (especially heterophils, Fig. 2) of 
the recipients. We obtamed two rabbit-radiation- 
Pelger-chimssras, which survived longer than 80 days. 
Fig. 2 illustrates the findings in one of these (peri- 
pheral blood). Donor cells could be identified also in 
the bone marrow, which may be illustrated by the 
findmgs of bone marrow biopsy performed the 
fourteenth day on the same animal, as in Fig. 2. 


Table 1 





Granulocytic | Hrythroblastl: | Megakaryooytc 
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In the second experimental group the transfused 
cells were identified by the ce of sex chromatin 
in heterophils, as described by Portari, This group 
served as controls for the Pelger group, showing a 
simular survival-time. The time-course of increase 
in donor cella in the blood of the recrpiente was also 
similar, although the percentage of Pelger’cells was 
much higher. 

We beleve that this method for the identification 
of transplanted bone marrow cells may be useful in 
experiments on rabbits, making it possible to follow 
the courses of cytological changes during the recovery 
period in the bone marrow and permpheral blood as 
well. Moreover, this method may be applied for the 
mimulteneous identrfloation of all three donor bone 
marrow cell series and is more convenient than 
former methods. 

We wish to express our thanks to Dr. E. Undritz, 
of the Sandoz Laboratories, for kindly supplying 
Pelger rabbits. 


P. Czmpset 
O. Romx 
J. Sasnotert 
Institute of Nuclear Research, 
Department of Health Protection, 
Dorodna 16, Warsaw. 
! Oongdon, 0. 0., n ‘Progress in Haama edit. Tocantins, 
ML, 2 (Grane and Stratton, New Y esl 
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Urinary Excretion of 6-Amino-Isobutyric 
Acid after Injection of Thymidine labelled 
with Tritium 


p-AMINO-ts0BUTYRIO acid is a metabolic degrada- 
tion product of thymme!.*, but te relation to the 
oataboliam of endogenous deoxyribonucleic acid has 
. temained uncertain. In the present communication 
we present results which elucidate the catabolic fate 
of that fraction of thymine originating from endo- 
genous deoxyribonucleic acid and reflected in the 

excretion of B-amino-tsobutyric acid. 

Each of five rate weighing 130 gm. was injected 
intraperrtoneally with 4-5 x 10’ 0.p.m. of "H-thymidine 
in three equal doses given at 8-hr. intervals. The 
"H-thymidme used was prepared as described 
previously*. Pooled urine samples were collected from 
these animals durmg successive 24-hr. intervals 
throughout the 30-day experimental period. The 
rate were killed at various times after the injection 
of *H-thymidme. Deoxyribonucleic acid was isolated 
from several organs, as described previously*, and 
B-ammo-tsobutyric acid from the urme specimens. 
A new method was used to determme f-amino- 
ssobutyrio acid’. This involved the initial conversion 
of B-ammo-tsobutyric acid to ite dinitropheny! deriva- 
tive and the quantitative chemical determination 
thereof on the basis of the optical density at 360 myu. 
Radioactivity of ths dinrtrophenyl derivative was 
determined in the manner described previously* using 
a gas-flow counter. The error involved in the determ- 
ination of the specific activity of urmary f-amino- 
ssobutyric acid was of the order of 10 per cent. 

A plot of the apecific activity of B-ammo-tsobutyric 
acid versus time is presented in Fig. 1. As can be 
seen, the specific activity d idly during 
the initial three days but cniy peadualiy tiaraa 
Presumably, the marked initial decrease in the 
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iflo activity results mainly from the utilization 

thymidine for biosynthesis of deoxyribonucleic 
acid or degradation of thymidine via dihydrothymine 
and f-ammo-tsobutyric acid. Since on, the second 
day the specific activity of tissue deoxyribonucleic 
acid exceeds that of urinary f-ammo-tsobutyric acid 
it appears reasonable to assume that at this time the 
breakdown of deoxyribonucleic acid contributes sig- 
nificantly to the labelling of B-amino-tsobutyrio aod. 
The rapid replacement of labelled deoxyribonucleic 
acid of intestine and hematopoietic tissue is thought 
to cause the initial decrease in the specific activity of 
urme. In other organs, such as liver or muscle, re- 
placement of deoxyribonucleic acid is slower and may 
contribute radioactivity to B-amino-teebutyric acid at 
the later time period. The specific activity of deoxy- 
ribonucleic acid isolated from several organs on the 
third day is cited here for the purpose of comparison 
with the specific activity of B-amino-tsobutyric acid, 
namely, liver, 2,800, muscle, 3,300, intestine, 7,400, 
and spleen, 6,300. The specific activity of intesjunal 
deoxyribonucleic acid 24 hr. after injection of 
thymidine was 34,000. All values represent co.p.m./ 
mole of thymidine. 

Since *H-thymidine may undergo exchange re- 
action during the metabolic conversion to B-amino- 
teobutyric acid, the fraction of thymidine which 
participates in the synthems of deoxyribonucleic 
acid cannot be sesessed quantitatively, although 
this could be acoomplished by using thymidine 
labelled surtably wrth carbon-14. 

Two other radioactive compounds were detected 
in the urine of these rats. One of these has been 
identified tentatively as dihydrothymine and resembles 
f-amino-tsobutyrio acid with respect to ite curve of 
specific ectivity versus time. The second compound 
has not been identified as yet. 
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Electrical Sensitivity of the Ampullæ 
of Lorenzini 


ELECTROPHYBIOLOGIOAL investigation has shown 
that the ampulle of Lorenzini of elasmobranch 
fishes are sengitrve both to slight changes of tem- 
perature! and also to weak mechanical stimuli*. But 
neither sensory modality is convincing as the bio- 
logicaly adequate stimulus, for the temperature- 
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Libs pe apparent reason for the great anatomical 
pment of the tube system), and the mechanical 
sensitivity. is quantitatively less than that of the 
lateral lme without being qualitatively very distinct: 
There is, however, a third possibility. I have found 
that in rays the ampulle are sensitive to slight 
changes in the electrical potential field surrounding 
the fish (Rata clavata, R. naevus, R. montagus and 
R. brachyura were used). The impulse discharge from 
single units in the mandibular group of ampullw was 
recorded with the fish submerged about 1 om. in a 
large dish of sea water ; voltage gradienta in the water 
over the sense organs were established from electrodes 
near the tail. Under such conditions the thresliold 
d.o. potential gradient (that is, which produced 
approximately 10 per cent change of impulse fre- 
quency at make and break) was l-2 uV./am. (8 fish). 
The gradient had to lie along the line of the tubes, 
with the opening of the tubes negative to the capsule 
for an increase in frequency, and the opening positive 
for decrease. In each case there were opposite after- 
effects at break. The adaptation was almost complete, 
with a time-constant of about 5 seo. as is found with 
direct galvanic polarimation of the sensory nerveg’. 
With the preparation out of water, the ampull® 
could be stimulated by pesing a current between a 
amall test probe and the body of the fish. When the 
probe was placed exactly on the opening of the tube 
from which the single fibre of the recording ran, a 
current of 0-005 pamp. (the smallest which could at 
the time be measured) was considerably greater than 
threshold ; the was increased when the 
probe was cathodal. But if the probe was displaced 
slightly from the ing, for example, by 0-5 mm., 
the threshold became far higher. Thus the stimulating 
currents would to be channelled along the 
jelly-filled tubes. Th this this connexion the conductivity 
of the jelly has been shown (Murray, R. W., and 
Potts, W. T. W., unpublished work) to be high 
oe ee ee 
he y fluids (40-45 per cent of sea water) and 
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presumably the tissues have an even lower con- 
ductivity. 

There would seem to be at least three poasible ways 
in which this electrical sensitivity could be of direct 
use to the fish. 

(1) It is known that rays have small electric 

derived oe of the tail musculature 
which produce -long pulses of up to 4V. 
The potential gradienta resulting from these would be 
at least 1,000 times than those which I have 
found to be threshold for the ampullw. Lisamann’s 
suggestion’ is therefore feasible, that this system 
could act as a navigation device, with the ampulle 
detecting the changes in the field produced by the 
electric organs when an object with a conductivity 
differant from the sea water comes near the fish. 
The ampulle could of course act as the receptors for 
such a navigational system only in elaamobranchs, as 
they are not found in the teleosts with electric organs. 

(2) I have some evidence that the ampullæ are 
sensitive to changes in the salinity of the sea water 
at their openings of about 5 per cent. The mechan- 
ism for this sensitivity could be electrical, depending 
on the differences in the diffusion potentials caused. 
by dilution. 

(8) When a conductor is moved through the 
Earth’s magnetio fleld, potential gradients are set up 
in it. Under certain conditions it is poasible to detect 
by this means the strength and direction of a tidal 
stream or ocean current. It is, however, theoretically 
improbable that a fish being carried along by the 
water movement, and therefore subject to the same 
influences, could detect these small potentials, 
although it might be able to determine whether the 
current was, for example, easterly or westerly by 
swimming up from a position at rest on the bottom. 


R. W. Munpay 
Department of Zoology 
and Comparative Physiology, 
University of Birmingham. 
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Development of inen Pla Em 
Hypersensitivity in Guinea Pig Embryos 


Suvara modalities of the immune response of 
have been previoypsly investigated. These 
include: (a) induction of immunological tolerance! ; 
(b) antibody formation’; (o) capacity to reject homo- 
grafte’. There have been no analogous studies of the 
capacity of the embryo to develop the delayed type of 
hypersensitivity to protein antigens. 

Previous attempts to induce tuberculin akm re- 
activity in new-born guinea pigs by active sensitization‘ 
or by pamsive transfer with leucocytes® have been 
unsuccessful. Weiss’ injected guinea pig embryos with 
tubercle bacilli, and elicited tuberculin reactions in 
some of these animals several weeks after birth. 

In the present work, guinea p capri bac were 
injected én utero usually 1-2 weeks oe 
date of their delivery. In early pana i ra 
injections were made after laparotomy. Afterwards, 
injections were performed through the intact 
A Were pene D 29 dene noede directed Bt 

arid DOR An ied ashi ces Wass O te embry, 
held between the angen of the operator’s 


other hand. In this yee -10 pgm. of protein 


1 
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antigen contained in 0-1 ml. of complete Freund’s 
adjuvant (in kiled Mycobaoteria butyrioum) 
were injected into the embryo. Only two embryos in 
each litter were Injected, since more injections 

increased the rate of abortion. After birth, attempts 
to identify those embryos which had been injected were 


unsuccessful, despite the use in several ta of 
teins trace-labelled with iodine-181, and the 
molusion of Evans blue dye in the i This 


failure was probably due in part to the small amount 
of antigen injected and the slow release of the injected 
material from the saline-in-oil sufpension. New-born 
guinea pigs were usually skin-tested on the first day 
of life with 3 ugm. of specific antigen. If the sensitizing 
injection had been administered leas than five days 
before delivery, ‘the skin testing was postponed until 
five days after sensitization. 

Delayed-type reactions to diphtheria toxoid, oval- 
bumin, or bovine serum albumin similar to those pre- 
viously described in adult animals’ were elicited in $1 
new-borns during the first five days of life. The 
average diameter of the reactions varied from 11 to 
28mm. Since a total of 88 injections were attempted 
in the embryos that survived, the sensitive animals 
probably represent a minority of those injected. Four 
akin reactions at 18-24 hr. and ane reaction at 48 hr. 
after intradermal challenge were biopsied. Histo- 
logical insti 


of ,polymorphonuclear leucocytes throughout 
dermis and subcutaneous tissue with an absence of 
vasculo-necrotic lesions (Fig. 1). Such lesions are 
typioal of ‘tuberculin-type’ ae 

Almost all the delayed-type skin reactions were 
obtained in animals weighing more than 90 gm. at 
birth, although an equal number of new-borns wei 
between 50 and 00 Since the weight of new- 
ceive piu i analy echmeson of Qed intrauterme 
age’, the capacity of guinea pig embryos to become 
sensitized probably depends in part on their general 


- maturation. 


Ta order po determine wre ee 
available in the smaller animals to 
inflammatory reactions, total and differential az 
cell counts were carried out on three new-born animals 
that weighed 70 gm. each, and again on these animals 
two weeks later when they weighed 182-145 gm. 
At age one day the average white count was 2,800 with 
41 per cent lymphocytes, compared to 4,900 with 65 





reaction at 20 hr. elicited in a one-day 
Wig 1. ss oim and eect: (X 45) 
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Tabie L DALAYED-TYPE HYPERSEKECMYITY IN gmmur Ou 
_ GUDEA Plas PREVIOUSLY SENSIITAND in utero 
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per cent lymphocytes two weeks later, suggesting that 
there are an adequate number of lymphocytes in the 
circulation of the amaller new-born animal 

To ensure that delayed-type hypersensitivity in 
new-born animals was not the result of maternal sen- 
sitization and passive transfer acroes the placenta, 
twelve pregnant guinea pigs were injected intra- 
muscularly 1-2 weeks before delivery with 1-10 pgm. 
of ovalbumin or toxoid in complete adjuvant. The 
new-born animals were akin-tested after their weight 
reached 100 gm. and none of fifteen animals showed 

Table 1 shows the positive skin reactions obtained 
in one-day old new-born animals in which anti- 
body results using passive cutaneous anaphylaxis were 
also available. As seen in this table, antibody can 
be demonstrated in the serum of sensitive animals 
as early as one week after birth. When diphtheria 
toxoid was used as the antigen, the same serum in 
which antibody was demonstrated by passive cutan- 
eous anaphylaxis failed to reveal antitoxin by the 
neutralization test for diphtheria toxin in rabbit akin. 
This is probably due to the p uction of antitoxin of 
low avidity, rather than to in sensitivity or 
specificity of the two testa. The son bile havc 
body was produced against only non-toxoid diphtherial 
proteins is’ unlikely, since bovine serum albumin, 
which is less antigenic than toxoid for guinea pigs, 
stimulated detectable antibody formation, 

To see if all new-born guinea pigs could be sensitized, 
twelve one-day old animals were injected either intra- 
muscularly or in all four footpads with 1-10 ugm. of 
ovalbumin in complete Freund's adjuvant. Skin 

with 8 pgm. of ovalbumin 7-10 days later 
revealed delayed-type reactions in all those immunized 
im the footpads, but in only of six immunted 
intramuscularly. Since the adult animal can be oon- 
sistently made to acquire delayed-type hypersensi- 
tivity by the intramuscular route (if mycobacteria are 
included) it is possible that the new-born animal is 
pansitized less readily. 

The capacity of one-day old animals to exhibit other 
hypersensitivity reactions was investigated, because 
of previous reporte of the ‘non-reactivity’ of the 
skin of new-born guinea pigs!*. To sensitize for passive 
cutaneous anaphylaxis reactions, 1 agm. of rabbit 
anti-ovalbumin was injected intradermally into each 
of two new-born animals. Five hr. later, 1 mgm. of 
ovalbumin and Evans blue dye were injected intre- 

. Blue reactions ing 10mm. by 10 mm. 
and 19 mm. by 17 mm. were obtained, but they were 
leas intense than those simultaneously induced in adult 
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annals: To produce passive Arthus reactions, two 
new-born guinea pigs were injected intravenously, and 
two intraperi , with 700 pgm. rabbit anti- 
ovalbumin followed '24 hr. later by intradermal 
injection of 30 pgm. ovalbumin. The intravenously 
sensitized animals developed typical Arthus reactions 
with maximal intensity at 4 hr., at which time the 
lesions averaged 45 mm. in diameter with a central 
hæmorrhagio area measuring 8-10 mm. in diameter. 
By 24 br. the lesions had almost completely 

The animals sensitized intraperitoneally displayed 
milder reactions. Large necrotic lesions were also 
produced in neonatal animals by the intradermal 
injection of 0-025 MLD. of diphtheria toxin. 

Our finding that delayed-type hypersensitivity can 
be induced in some gumea pig embryos is consistent 
with the relative maturity of this species at birth. 

This work was aided by grants from the National 
Institutes of Health (# 1821 (C-2)) and the Commissian 
on Immunization of the Armed Forces Epidemiological 
Board. 

JONATHAN W. Une 

Departments of Microbiology and Medicine, 

New York University School of Medicine, - 

New York. 
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Insects attacking Striga 
Worxiwa in Ibadan, Nigeria, Williams and 
Caswell! have recently noted Smioromyz sp. (Curcu- 
` lionidae : Coleoptera), the larva of which lives within 
the fruits feeding on the immature seeds of Striga sp. 
The only other reference mentioned is that of Agar- 
wala and Naqvi" on Striga in Bihar, India. Williams 
and Caswell have apparently missed references on 
the subject, especially that on Smicronyz albovarie- 
gatus Faust. recorded on 
. The first published record of an insect a 
Siriga was that of Murthy and Rao’, who o 
the caterpillars of Precis Swinhoeii (Fam. 
Nymphalids, Lepidoptera) feeding on leaves, flower 
buds and tender fruite of Striga in the former Hyder- 
abad State, India. Following the publication of that 
observation, Uttaman‘ pointed out that during the 
course of work on Siriga in Malabar, India, he had 
noted grubs of a' beetle (Sub-fam. Galerucinae) 
feeding on stem, leaves and the . While oon- 
Hagen Palen i the insect faune of this root parasite 
in H: , I collected Sitiga stem galls in numbers 
caused by a curoulionid weevil grub, and Mani‘, on 
the basis of the plant material sent from Hyderabad, 
described briefly the structure of the gall. Work was 
Ister initiated on the above insect at the Entomo- 
logical Laboratory, Government Agriculture Research 
Station, Rudroor, Hyderabad State, and the weevil 
was identified as Smioronyx albovartegatus Fst. by 
the Commonwealth Tastituto of Entomology, London. 
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A brief acoount of the above insect was afterwards 
given by Khan and Murthy*. The adult weevils 
appear early in September and galls were noticed 
from the middle of September until January. A single 
grub is found in each gall. The number of galls per 
plant may vary from 1 to 30. When full grown, the 
grub comes out of the gall and pupates im the soil. 
The moidence of the weevil varies from 40-7 to 
62-0 per cent. The grub not only causes stem galls 
but also eats into the seed capsules. During later 
work in Mysore State, another mode of injury 
caused to Striga plants by this weevil was recorded, 
namely, the formation of root galls by the grub’. 
It was observed that on account of the presence of 
root-galls there is weakening of the Siriga plant 
which may perhaps be due to the impaired absorption 
of nutrients due to root damage. 

Other insecta recorded on Siriga in India are 
Monolepia signaia Oliv. (Galerucinae ; me- 
lidae), caterpillars of a Pterophorid moth eating into 
the seed capsules*,* and a species of aphid awaitmg 
determination. 

While working in the Entomological Division, 
Government Agriculture Research Station, Rudroor, 
a detailed mvestigation was carried out on the 
possibilities of biological control of Striga, which is to 
be published shortly. It has been found that both 


recorded’ the ocsterpillars of P. ortthya swinhoei 
being attacked by the tachinid endoparasite, Sturmia 
(S. Str.) flavohalteraia Bisoh, the percentage incidence 
ranging from 2-5 to 52-5. The eggs are also occasion- 
ally attacked by Trichogramma sp 

Ì am grateful to Dre, M. Q. Kan, joint director of 
agriculture, Andhra Pradesh, and M. Puttarudrish, 
Government entomologist, Mysore Agriculture De- 
partment, India, for facilities and for guidance and 
encouragement given during the course of this work. 


D. V. Mugruy* 
Division of Entomology, 


Research Station, nr. Saffron Walden, 


1 Wars, O. N., De r 184, 1668 (1959), 

Ne ee ees and Haider Maqvi, B. Z., Proc. Buber Acad, 
Agric. Soi., 2, 121 (1953). 

Murthy, D. V., and Rao, Pe eer 


» 

t Uttaman, P., Curr. Soi., 9, 445 pep 

* Mani, ML B., Agra Undo. J. Ræ. (Sossmes), 8, 2, 246 (1953). 

* Khan, 1L Q., and Murthy, D.V. . Ind. J. Bni, 17, 3 (1065). 

! Murthy, D. V., Owr. Sci., $8, 502 (1050). 

* Khan, AL Q., and Murthy, D. V., Sol. ead Oult., 88, 3, 175 (1055). 
* Murthy, D. Y., Owr. Sa., 38, (1059). 


Age Determination of Seals 


A worn of warning is necessary when the number of 
cementum rings in the canine teeth of seals is used to 
determine the age of some species of Phocidae. As 
Manafield and Fisher! have stated, they were able to 
count 18-20 rings in a tooth of a harbour seal (P. 
vitulina L.) of 19 years of age. For practical purposes 
this is good enough in the higher range of years, but the 
possible error becomes ionately large if 
applied to years 1-10; years which contain the critical 
years of sexual maturity both potential and actual. 
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Great care is needed in assessing the age of young seals, 
since the doubt inherent im the statement ‘18-20’ ıs 
derived from real difficulties met with in counting the 
rings deposited in the earlier years of life, and in 
assessing the value of the ‘last’ ring. 

Some years ago it became demrable to know the 
exact age of specimens of the grey seal (Halichoerus 
grypus Fab.). The rings in the dentine are not obvious, 
and iInany event, as Laws* had shown, the teeth (canine 
as well as the others) rapidly become filled with dentine 
so that after the first few years no further deposition 
is possible. The rings of the cementum offered an 
alternative provided they were annual. Thanks to 
the kindness of Mr. Colin Matheson, of the National 
Museum of Wales, a longitudinal section was obtamed 
in June 1956 of the canine tooth of a cow grey seal 
which died at the age of at least 264%. In this at least 
25-26 rings could be counted, but the exact number 
was doubtful. However, the supposition that the rnnga 
were annual in origin was upheld. In November 1958 
a cow grey seal, exactly six years old, died in the 
Zoological Gardens, Regent’s Park, London, and a 
section of the canine tooth showed six clear and com- 
plete rings. Meanwhile, grey seals approximately 6} 
months and 74 months old had been obtained, marked 
on the Farne Islands in the previous November. These 
two showed clearly the deposition m part of the first 
annual ring of cementum. More recently, younger 
grey seals have been obtained which show that 
cementum is first deposited about 3~4 months after 
birth, somewhat unevenly in two binds on the root. 
These bands afterwards odalesce. 

The primary cause of the difficulty m counting the 
rings is that the earlier ones are broad without sharply 
defined edges. The evidence so far suggests that these 
broader rings are deposited before sexual maturity. 
The fact that they are visible at all suggests that 
the seroi-starvation during the moult is responsible. 
Thus the ‘years’ measured by cementum rings are 
‘years’ following moult. Ifthe moult is many months 
after the breeding period (birthday) it is possible to 
count only, aay, five rings when the seal is in ita sixth 
year of life. Thus the ‘last’ ring must be looked for 
very carefully and the degree of its deposition related 
to the period of moult, if known. 

Sufficient matenal (118 specimens) has now been 
collected for the grey seel and a paper giving full 
details and relating age with sexual maturity is in 
preparation. Much of this work must be repeated if 
the technique is to be applied critically to other species 
of Phocidae. 


Dept. of Zoology, 
Imperial College of Science 
and Technology, 
London, 8.W.7. 
1 Mansfield, A. W. and Fisher, H D., Natures, 186, 92 (1900). 
1 Laws, E. M., Falkland Is. Depend , Survey, Sol. Rep., 2 (1053). 
2 Matheson, O Nature, 166, 78 (1060). 
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Abnormal Crimping in Merino and 
Polwarth Wools 
Ax abnormal wool, more apparent on older sheo 
and known, ss ‘doggy’ wool, is a cause of considerable 
financial loses in some Mermo and Potwarth flooks. 
Such wool is frequently lustrous and is characterized 
by reduced frequency of orimps, so that in extreme 
cages the fibres are almost straight and hair-like. 
Preliminary evidence is presented here that doggy 
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Orimp detenoration in fine Merino 
in changing from normal (1) to ‘doggy’ (3) 


and Polwarth wools 


wool is associated with hyperplamsa and cyst forma- 
tion, of the outer root-sheaths of a considerable 
proportion of the follicle population of affected sheep. 

In from normal to doggy, fine and medmm 
Mermo and-Polwarth wools pasa through an inter- 
mediate phase with secondary waves superimposed 
on the normal crimp; in strong Mermo wool the 
hiecige pagina ko be OSEAS G 6’ Deaader ov reaa 
crimp. Fig. 1 illustrates the changes m fine Merino 
and Polwarth wools. The stages of crimp deteriora- 
tion are somewhat similar to the changea produced in 
wool by a diet deficient in copper, but unlike the latter 
are not corrected by copper supplementation. The 
crimp aberrations are generally seen first im the loin, 
hip and thigh regions of the fleece, and the whole 
fleece may be affected withm l-2 years. The age at 
which the abnormality appears varies from 2 to 5 
years in different strains of the Australian Merino, 
and the moidence also varies among the strains. 

The main pomt of difference between normal and 
doggy wool is the changed crimp frequency. Routine 
examination of histological transverse sections of akin 
at the level of the sebaceous glands does not reveal 
any differences of significance. However, serial 
transverse and longitudinal sections of skin reveal 
grosaly enlarged outer root-sheaths just above the 
bulbs of many follicles m the skin of sheep with crimp 
aberrations. Both primary and sondy follicles 
are involved, and m some follicles one or more 
localized enlargements form cysts, each of which is 
attached to the outer root-sheath by a narrow bridge 
of cells. Serial sections have established that these 
cysts are outgrowths from the outer root-sheaths. 
Fig. 2a shows a longitudinal section through a 
follicle with a cyst formed on an enlargement of the 
outer root-sheath, and Fig. 2b a transverse section of 
@ number of follicles with outer root-sheath enlarge- 
mente and cysts. : 

While occasional cystic sebaceous glands may be 
sean in the skin of sheep growing normal wool, paer- 
ticularly in aged sheep, the Pi pale of follicles 
with enlargements and cyste of the outer root-sheaths 











Table 1. PRRONWTAGES OF FOLLICLES SHOWING ABNORMALITINS IN 
WiD-a1D3 AON SAMPLES FROM SHEEP WITH DIVYERENT DIGRAMO OF 
Onr A 
Abnormal follicles (per oent) 
Shoe: Oumpmg | With With 
i | outer root-sheaths | cysts 
8- and 9-year 
old fine-wool | Normal | 6 6 
Merinos Moderately doggy a4 7 
old. Wall exci ped s 1 
3 yearns 
irregular 25 8 
Very irregular 48 31 
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increased. with severity of crimp deterioration (Table 
1). Direct evidence of the association between 
enlargement of the outer root-sheath and reduction in- 
crimping was obtained by plucking the straightest 
fibres from pieces of skin from sheep with different 
degrees of crimp aberration, and then sectioning the 
follicles lo: . In each instance of a follicle 
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without a fibre there was enlargement of the outer- 
root-sheath either with or without cysts. 


is 
fs 
PSE 


iie A i 
2. A section b a transverse 
tee EETAS EEIE with cysts 





Although structures similar to these cysts have been 
described by others',4, to our knowledge the associa- 
tion between enlargement of the outer root-sheath 
and crimp deterioration has not been previously 
recorded. According to our evidence the outer root- 
sheath plays an importent part in the process of fibre 
crimping. It may be, for example, that cyclic move- 
ment of the follicles is involved in the normal crimping 
of the fibres, and that these crimp irregularities are 
dae to ae adiiad and @utiable eane to Venea 
of follicles with enlarged sheaths. The cysts could 
act as additional anchors, as they are frequently as 
large as the follicle bulbs and sometimes much larger. 
The observed. proliferation of outer root-sheath cells 
is presumably ct asta EE by changed biochemical 

activity. conceivably alter the surface 

properties of the fibres, thus producing the lustrous 
appearance, and affect the process of crimping. 

crimping also occurs in fleeces of Corrie- 

dale , and observations are being extended to 

this‘and other breeds. A detailed comparison is being 

made with the effects by a defloiency of 


copper in the diet, and be reported elsewhere. 
i R. E. CHAPAN 
B. F. SHORT 
Division of Animal Physiology, 


Commonwealth Scientific and Industrial 
Research Organization, 


Prospect, 
New South Wales. 
P. G. HYLAND . 
District Agricultural Centre, 
Department of Agriculture, 
Hamilton, Victoria. 
1 Ryder, M. L., and Auber, L., Nature, 174, 743 (1064). 
“Ryder, M. L., J. Agrio. Sei., €7, 187 (1986). 
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Banana Frult-s (‘Speckle’) caused by 
Deightoniella torulosa (Syd.) Ell. 


Deightonisia torulosa (Syd.) Ell. (syn. Brachy- 
f musarum Ashby ; 


recorded on banans leaves and fruita in most major 
growing regions (Commonwealth Mycological Insti- 
tute, Kew, Surrey, Distribution Map No. 175). The 
majority of earlier references to 
this fungus have concerned s leaf 
disease known as ‘black- 


A serious spotting of Lacatan 
bananas known in Jamaica as 
‘speckle’ or ‘swamp-spot’ causes 
considerable wastage, particularly 
during rainy seasons. Fruit-spot 
may be observed in the field on 
fruit at all stages of maturity, the 
intensity of spotting inoreases with 
maturity being most noticeable at 
the time of harvest. In immature, 
green bananas, disease is first 
manifest as minute, reddish-brown 
spots each having a characteristic 
halo of dark green, apparently 
water-soaked tissue. As the spot 
increases in sixe, ita outline remains 
circular, or nearly so. The largest 
spots observed so far had diameters 
of about 4 mm.: in these cases, 
the centre of the spot was dark 
brown or black and slightly depressed. The large 
proximal (‘butt-and’) hand of the bunch is usually 
more severely affected than the smaller, more distal 
ones. On each finger (that is, individual banana fruit), 
spots tend to be concentrated, on the outer face, 
towards the tip, and, on the inner face, towards the 
finger-stalk. There is evidence to suggest that the 
severity of spotting increases during ocean trans- 
portation and subsequent ripening of fruit. 

External symptoms and anatomical details of the 
Jamaican fruit-spot are similar to those of a spot 
described by Johnston! and Johnston and Slocum? on 
Gros Michel bananas in Central and South America. 
These workers considered fruit-spot to be in the nature 
e a iological disorder. Wardlaw! described 

forms of spotting of bananas in Trinidad, but 
none of them would appear to be identical with 
Jamaican ‘speckle’. 

In the present investigation, D. torulosa was con- 
sistently isolated from spots of various diameters: no 
other fungus (or bacterium) appeared on the isolation 
plates. Pathogenicity testa were carried out im the 
laboratory and in the field by spraying the surface of 
Sey. healthy fruit with a conidial ion of 

torulosa. After 48 hr. under high humidity oon- 
ditions, small but typical spots appeared on all inocu- 
lated fruit. Control fruit, sprayed with sterilo water 
only, did not develop spots. D. torulosa was consis- 
tently re-isolated from artifloially induced spots. 

In a film of water on the surface of banana fruit peel, 
conidia of D. torulosa ted after 1 hr.: after 
about 6 hr. one of, or both, the germ-tubes produce a 
swollen a Vertical microtome sections, 
8-10} thick and stained with 1 per cent cotton blue in 
lactophenol, showed that the ap i soon pro- 
duoes an infection hypha which penetrates the cuticle 
and epidermal wall by mechanical means. This stage 
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of infection was observed after 12-20 hr. After penetra- 
tion has ocourred, the epidermal cell becomes with 
a reddish-brown, granular substance. Further tiasue 
invasion occurs by hyphal penetration of cell walls. 

Similar in this infection proceas were obearved 
on naturally mfected fruit. 

From the evidence outlined above it seems clear 
that D. torulosa is the organism causing fruit-spot of 
Jamaican Lacatan bananas. A detailed account of 
this work will be published elsewhere. 

D.8. Munsprre 

Banans Board Research Department, 

10 South Avenue, Kingston, Jamaica. 

April 18. 
1 Ashby, B. F., Bull. Dep. Agrtc., Jamaica, 2, 06 (1918). 
2 Wardlaw, © W., Trop. Agric, (Irin.), 11, 18 (1984). 
2 Stahel, G., Trop. Agric. (Trin), 11, 188 (1934). 
4 Ogiivie, L., Phytopath., 18, 531 (1928). 
5 Wardlaw, 0. W., Trop Agric, (Trin.), 9, 3 (1082). 
* Johnston, J. E, Res. Dep. United Fruit Oo, Boston, Mass., Bull. 


No. 48 (1082), 
Ees. Dep. United Frutt Oo., 


7 Johnston, J. B., and A H, 
Boston, Mast., Bull. No. 41 (1688). 
$ Wardlaw, O. W., Trop. Agric, (Trin), 11, B (1984). 


A Method for the Isolation of Plant 
Protoplasts and Vacuoles 


Tra isolation of bacterial’ and fungal Peele 
plasta?’ following the use of enzymes digesting the 
cell wall suggested that protoplasta might be obtained 
from plant ocells by treatment with cellulase. Root 
tips. of tomato seedlings (Lycoperstoum esoulentum 
Mill. var. Sutton’s ‘Best of All’) were selected for 
investigation, and a fungal cellulase obtained from 
Myrothectum verrucaria’ (kindly supplied by Dr. 
D. R. Whitaker, National Research Council, Canada) 
was omployed. 

0-5-cm. root tips of tomato seedlings grown under 
aseptic conditions were treated at 27°-O. with 5 per 
cent Myrotheotum cellulase in 0-02 M phosphate 
buffer pH 6-0, containing 0-6 M sucrose as an oamotic 
stabilizer. Microscopic examination of the root tip, 
mounted under a cover slip, showed the formation of 
numerous spherical protop after 2 hr. of treatment 
with cellulase. Two types of proto- 
plast were identified. One type was 
unvacuolated (Fig. 1), and could be 
seen to be formed from the cells 
of the unvacuolated meristematic 
region of the root tip. The other 
type of protoplast was vacuolated 
with one or more vacuoles (Fig. 2) 
and was formed from vacuolated 
cells approximately 1 mm. fram the 
root cap. Prior to their liberation 


umg 
these vacuolated protoplasts could {- B 


be seen inside the remains of the 
partly digested cell walls, and it was 
evident that’ plasmolysis of cells by 
the hypertonic buffered sucrose was 
assisting in the ready isolation of 
intact vacuolated protoplasts. 
These vacuolated | pata sto 
were stable in 0-3 sucrose 
(0-02 M phosphate buffer, pH 6-0) 
for at least 6 hr. at 27°C. However, 
when in 0-1 M sucrose 
(0:02 M phosphate buffer, pH 6-0) 
rapid lysis ensued with bursting of 
the plasmalemma and concomitant 
release of intact, yet swollen, 
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Tig. 1. Unvasuolated protoplasts (phase contrast) 


vacuoles together with the protoplasmic contents. A 
typical group of such isolated vacuoles surrounded 
by their tonoplasta with adhering protoplasmic 
material is shown in Fig. 3. It was notewo that 
protoplasts were not formed from cella of the more 
differentiated of the root tip bearing root hairs. 
The failure to isolate protoplasta from oells of this 
robably related to the different state of 
tie call wall and to the presence of plasmodesmata 
Inking. the protoplasta of adjacent oells*. 
It is clear that the vacuolated structures shown in e 
Pig. ee oe 
ct al.1, amoe they are structures 
formed from that part of the cell which lies inside the 
cell wall and which oan be plasmolysed away from the 
cell wall. In the case of the unvacuolated structures, 
shown in Fig. 1, it is more diffoult to establish on the 
basis of similar criteria that these are in fact proto- 
plasta, since they are formed from meristematic cells 
which are not readily plaamolysed* in which the cell 
wall is very intimately associated with the proto- 
plasm’. Nevertheless, it was le to observe 
various stages in the removal of cell wall of these 
unvacuolated oells before attainment of the final 


nite tay 


aa 
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Fig 2. Vaonolated protoplasts (phase contrast) 
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Vacuoles (phase contrast) 


Fig 8. 


spherical form, both in cellulase-treated root tips and 
in cellulase-treated amgle unvacuolated cells isolated 
from root ‘tips by the action of ethylenediamine 
tetraacetic acid’, 
E. ©. Cooxma 
Department of Botany, 
Umversity of Nottingham. 


2? Wabul, 0., “Ann Rev. MiorobioL”, 18, 1 (1058). 
1 Biddy, A. A., and Willlameon, D. H., Weturs, 178, 1252 (1957). 
* Bachmann, B. J., and Bonner, D. aL, J. Bact., 78, 550 (1050). 
e ‘Whitaker, D. B., Aro. Biochem. Diophys., 43, 253 (1058). 
3 Preston, R. D., ‘The Molseular Arohitectare of Plant Cell Walls” 
(Obapman and Hall, London, 1962). 
*Moouse, A. D. J., Bot. Rev., 7, 249 (1041). 
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ENTOMOLOGY 


Bacteria as a Source of Food for Black-Fly 
Larvæ 


Braor-FLY larve (Diptera : Simuludae) are almost 
entirely confined to flowmg water. They have long 
been known as ‘filter-feeders’, but the minimum 
particle-size acceptable as food by the several instars 
hag not been previously investigated. Several authors 
have reported the occurrence of larve in sewage- 
odntammated waters; but Petersen! was apparently 
the first to suggest that they might feed on suspended 
perticles as small as bacteria. 

This hypothesis 1s under investigation at Saskatoon 
in an attempt to determme some of the causes of 
destructive outbreaks of the black-fly, Simulium 
arctioum Mall. Larvæ of this species are sometimes 
exoessively abundant in the north and south branches 

‘of the Saskatchewan River which originate in the 
Rocky Mountains of western Canada and discharge 
up to 140,000 o.f.s. mto the confluence. Durmg the 
spring and early summer, when these larve are mogt 
abundant, this river is generally m flood and the 
water very muddy with up to 1,000 p.p.m. of sus- 
pended solids. At the aame time, macroplankton, the 
usual food of black-fly larve, are relatively scarce 
but bacteria are abundant. . Species of bacteria 
present indicate an origin m sewage from the several 
cities situated on the river as well as from soil erosion. 
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In prelminary experimente at Saskatoon an 
attempt was made to rear first-instar larve of S. 
vitiatum Zett. and S. venusium Say in sterile solutions 
of soluble nutrient m water flowing at 0-3-1-4 ft. 
per sec. In the absence of discrete particles these 
larve failed to develop beyond the second instar’. 
In similar, but non-sterile, solutions the larvw de- 
veloped to maturity, and adults were produced. Five 
species of bacteria, i ing three commonly found 
in soil and water, were isolated by Dr. Q. Dempster, 
University of Saskatchewan, Saskatoon. 

In further ents 90 adults of these two 
species of black-fles were reared from 1,360 first- 
instar larve m distilled water containing only 6 
washed suspension of Baotllus subisis (Ehr.) Cohn, a 
normal component of soil. Fresh bacteria were 
added at 2- to 3-day intervals, keeping populations 
at about 160,000 viable bacteria per ml. of aquarium 
water. Microscopic examination ahowed that the 
bacteria were not clumped, and that most were present 
as single calls rather than in chains. About 65 per 
cent of the larve were lost in the first instar, possibly 
as a result of mjuries received ın handimg. Rate of 
development was comparable to that in Nature: 
21 days from hatching to the first pupa and a further 
6 days to the firat adult. These investigations are con- 
tinuing and a detailed report will be published later. 

Laboratory imente have thus far been confined 
to larvme of S. vittatum and S. venustum because of 
the difficulty in providing rapidly flowmg water as 
m aquaria required by S. arctioum. However, the 
mouth-parts of these three species are very much 
slike, and thus similar results with the latter species 
may eventually be obtained. i 

The fact that all instars of larvæ of S. vittatum 
and S. venustum can obtain adequate nutriment from 
particles as small as B. subtlis is significant from 
two points of view: (1) Sewage bacteria entering & 
river may serve aa food for black-fly larves. Thus the 
severity of black-fly outbreaks originating in rivers 
guch ag the Saskatchewan, Missisarppi, Danube, Leine, 
Nile, eto., may be expected to moreage as the amount 
of sewage entering them 1s mereased. Reporte’, 
and personal obgervations indicate that livestock 
losses as a result of black-fly outbreaks along the 
Saskatchewan River have increased in the past 
40 years. Enigk* reports that black-flies are appesr- 
ing in larger numbers in Germany, and suggesta that 
this is due to increased soiling of brooks end rivers. 
Losses adjacent to the Danube River appear to have 
been increasing during the past two hundred years*. 
(2) This suggests an unusual food-chain in the Sas- 
katchewan River and perhaps other rivera which 
seasonally contain relatively little macroplankton 
but considerable bacteria and numerous filter-feeding 
black-fly larve. Fish, moludmg Moxostoma aureolum 
(Le Susur) and Hiodon aloscides Raf., containing 
black-fly larvæ were collected from the Saskatchewan 
River. Numerous larve-eating fish are known from 
the Danube. 


F. J. H. Fespaen 


Research Station, 

Canada Department of Agriculture, 

Saskatoon, Saskatchewan. 
* Potereen, Axel, D. Kel. Denıks Vidensk. Selsh. Skrifter, Af. 8, 
1 Fredeen, ¥. J. H, Canadian Eni., 61, 2, 73 (1950). 
* Cameron, A. H, Canada Dept. Agrio. (Tech.) Bull 5 (ns) (1922). 
* Rempel, J. G., and Arnason, A. P., Sef. Agric., 87, 428 (1947). 
* Engk, Kari, Monatshefts fur Tierh., 7, 11, 241 (1955). 
s Zrvkovio, Vera, Serbian Acad. Bel., Special Imus, Book 245 (1055). 
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Accessory Glands of Gene’s Organ in Ticks 


Duso dissection of gorged adult females of 
Hyalomma excavatum, Riipicephalus sanguineus s.str. 
and Boophtlis anmulatus, we noted two hitherto 
undescribed groups of accessory glands, one on each 
mde of Gené’s organ. 

The glands become evident soon after the onset of 
feedmg and continue to develop during the period of 
digestion of the blood meal. to Repicephalus, which 
oviposits 2-3 days after gorging, the development is 
completed during this interval; in H: , in 
which oviposition occurs ten days after gorging, the 
development is c mdingly slow. The glands 
attain full development by the time oviposition 
begins. Theoy were not detected in the starved female 
or the nymph. We did not find these glands in adult 
Ornithodorus tholosans. 


lp TL ra eaten as 


1 Now gand from a female of RAtpiosphalus 
aan eae on the third day of oviposition. (x 140) 








ae Droplets of seareidon on their way through the inira- 
nlar chiannál frona:e lazing femala of LR ploap heres ammgxraens 
. (xX 
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Each group of glands consista of about 40 unite im 
the case of Hyalomma and between 20 and 25 in the 
case of Rhipicephalus. 

Each gland consists of about 10-18 cells. In 
general the cella are arranged roughly in a circle 
(Fig. 1). The large nucleus (up to 85u) is situated in 
the lateral pert of the cell; ıb contains several 
nucleoli. In each cell there is a large vacuole which 
grows continuously and ettains a size of about 100- 
1830p at its maximum development. Each gland haa a 
duct issuing from its centre; a narrow intra-cellular 
channel from each vacuole to the narrow main 
duct. staining with methylene blue, droplets 
can, be traced on their way from the vacuole via. the 
narrow intra-cellular channel into the duct (Fig. 2). 

These glands apparently contribute to the seare- 
tions of Gené’s organ which protect the eggs in ther 
external environment. 

This investigation was supported by Research 
Grant No. 4531 from the National Institutes of 
Health, U.S. Public Health Service. 


B. FELDMAN-MUHBAM 
Y. Havı 
Department of Parasitology, 
The Hebrew University, 
Jerusalem. 
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Induced Fluorescence with Acridine Orange, 
after Osmium Fixation 


Tun differential staining of nucleio acids with 
fluorochromes! has provided a useful tool for the study 
of virus-infected tissue oells*; but ita value has been 
limited by the fact that the common fixatives which 
permit the use of this method also tend to produce 
artefacta, such as the gross nuclear vesiculation 
observed in oells infected with some types of adeno- 
virus’, but not observed by phase-contrast, examins- 
tion of the living infected cell’. 

This serious limitation could be overcome if the 
technique could be adapted for use with fhration by 
osmium tetroxide, which has been shown to preserve 
faithfully most of the structural features of the living 
oell4*. Up to the present, however, this has not 
proved possible, and reports indicate practically no 
affinity between the diamino-acridines and nualeic 
acids fixed in oamium tetroxide’. 

Recent work in this laboratory has abown that this 
lack of affinity may be overcome if staining is carried 
out with acridine orange in alooholic solution, in 
place of the buffered aqueous solution, as ushally 
practised. The technique described is simple and 
uniformly successful, giving vivid colour differentia- 
tion and even staining over the entire preparation. 
Acridine orange E (2,8-bis-dimethylamino-5-phanyl- 
acridine hydrochloride, Colour Index No. 792) in 
1:1,000 dilution in industrial methylated spirit 
(‘Methool’) was used, and this was filtered before 
use. The end result was found to be the same, 
however, using dilutions of leaser or ter strength, 
and allowing for an appropriate dlierition m the 

ining time. 

Cells of the ‘ERK’ oll line! were grown on glass 
microscope slides to form a near-confluent monolayer. 
The medium was washed off with phosphste-buffered 
saline, pH 7-2, and sample slides were then fixed 


_ either in the vapour from | per cent oamium tetroxide 
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for 10 min., or in the buffered ogmium tetroxide 
solution of Palade’ for the sathe length of time. Both 
sete of cultures were thoroughly washed: in several 
changes of distilled water, during half an hour, and 
this was followed by a brief rinse in ‘“Methool’. They 
were then transferred to a covered staining jar oon- 
ini the alooholic solution of acridine orange, 
and stained for 10mm. On removal, the slides were 
thoroughly washed in phosphate buffer made up of 
potassium dihydrogen phosphate 4-5 gm., ammonium 
ohlenide 0 6 gms Mamani mlphate 0:9 gm» per 
litre adjusted to pH 7- 6 with sodium hydroxide and 
finally mountéd in liquid peraffin. 

Examination was carried out with a simple system 
using & projector lamp of the solid-source filament 
typa, -an Abbé type condenser, a cupro-ammonium 
cell of suitable density, and a yellow eye-piece filter. 
An alkernative system, using a high-discharge 
meroury vapour lamp, dark ground condenser, and 
appropriate filters; did not materially improve the 
picture obtained. 

> Both methods of fixation gave equally good resulte, 
with sharp differentiation of the cellular elamenta 
corresponding to the nuoleic acid pattern. The 
,nucleoplasm of interphasio cells appeared homogene- 
ing as a clear, bright greenish-yellow. 
prominently as discrete, red bodies 
with their surrounding zone of ‘associated’ 
nucleic acid seen as a halo of more brightly fluorescing 
yellow. The ribonucleic acid of the cytoplasm was 
e uniformly intense, deep red. In dividing cells, mitoses 
° were distinctive by their brilliant golden flucreacence 
and pace configuration. 

Semi-permanent preparations of this type, allowed 
to remain on the bench at room temperature for at 
least a month after sealing, have shown no deteriora- 
tion. Liquid paraffin was chosen as the mountant, 
in preference to either glycerine, or glycerine—saline, 
since the fluorochrome is apparently unaffected by 
it, and no extraction of the dye occurs even after 
prolonged contact. Finally, it is a simple matter to 
renew bleached preparations, by removing the liquid 
paraffin with washes of aloohol and then repeating the 
treatment ae alooholic acridine orange. 

W. J. RANDLES 
Misrobiologioal Research Establishment, 
Porton 


Wilta. 


Shirai rar candles arty 11, 640 (1056). 

a se lord be d 

Angr B: ; AE T Aia Mren, J. 8. F., Winth Bymp. 
Whrsacuig TA onl Topoa, PAE M, Ool Ba. 18, 884 (1989). 
Porter, JL Bu DEBE, A., and Fullam, H. F. J. Bap. Med., &1, 133 
EAO Ge Bu ee 95, 285 (1052). 


* Wealgrood, J: 0, L A., and Titnum, D. H. J., Brit, 
Tii C1087). 


A Polyploldizing Principle in the Spleen 

In previous experiments it has been found thas 
120 hr. after traumatization of the uterus the number 
of large homogeneous cells in the sntimesometrial 
part of the deciduomata was doubled in splenec- 
tomixed rate'. In other experiments the animals 


were partially omentectomized or unilaterally nephreo- : 


tomized. But there was no difference in cell count 
` botwoen thess animals and the non-splenectomized 
controls’. The proportion ef the volume of the 
nuclei of ‘the large decidua cells between normal 
rate and spleenleas ones? wes approximately 2: 1. 


965 
The number of countable nucleoli m each nucleus 


shows the same ratio‘. 

These changes, appearing after the extirpation of 
the spleen, oan be prevented by saline extracts of the 
spleen from rat, cattle and horse. Further, it has 
been shown that a linear reldtion exists between 
the logarithms of the quantity of injected saline 
extract and the number of large decidua cell nuolei. 
From these iments one may conclude that the 
discernible changes in the nuclei after splenectomy 
were dependent on changes of the degree of ploidy. 
Therefore a substance producing a polyploidixmg 
effect was supposed to exist in the spleen’. The 
direct evidence of that polyploidizing effect was 
obtained by counting the chromosomes. 

With female inbred rate of an average body-weight 
of 200 zm. a pseudo-pregnancy was induced by sterile 
copulation. ‘Spirocid’ (167 mgm./kgm. body-weight/ 
day) was then given orally for three days to prevent 
the manifestation of a latent infection with Bartonella 
maris rate after splenectomy. 96 hr. after the sterile 
copulation the animals were operated under ether 
anssthesia : both horns of the uterus were traumat- 
ized by making several stitches through the lumina, 
In six animals the spleens were removed in addition ; 
in three animals serving as controls parts of the omen- 
tum were excised. The splenectomized animals were 
divided into two groups. One group remained wm- 
treated. The other group was subcutaneously injected 
with saline extract of cattle spleen i 
after the operation and for the following four days. 
120 hr. after operation all animals received 0-2 mgm. / 
100 gm. body-weight colchicine in and 
were killed by carbon monoxide 2 hr. later. Then the 
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uteri were prepared, the myometrium was dissected 
and the antimesometrial decidua was cut out. After 
removing the adhering blood the tissue was cut into 
small pieces which were suspended in 0-00075 M 
8-ory' line solution for 1 hr. The tissue was then 
fixed for 8 hr. in ethanol-acetic acid, 3:1, and after- 
wards preserved in 70 per cent ethanol. For further 
preparation these pieces of tissue were stained for 30 
min. In carmme-—acetic acid containing 10 cent 
glycerol’. Then they were picked with into 
tiny pieces and squashed under a cover-glass. The 
chromosomes were counted by means of a phase-con- 
trast microscope at 2,000- or 3,000-fold magnification. 
Only metaphase plates were examined. Hach mitosis 
was counted independently by two persons. In each 
group the chromosomes in 500 mitoses were counted. 
The numbers we found were classified as to the 
dégree of ee. The haploid set of chromosomes 
was: n = 21. The limits of these degrees of ploidy 
were fixed as: n +10, 3n + 10, 3n + 10. In 
total, 1,500 m hases were counted in the antimeso- 
metrial part of the rat deciduomata. The resulte of 
these counte are demonstrated in Fig. 1. 

From this it may be concluded that in the spleen 
there exists a polyploidizing substance, the chemical 
nature of which is not yet known. 


I. Bovvimg 

R. Ricse 

W. Rosenkranz 
Institute of Physiology, 


1 Rigler, R., and Rosenkranz, W., 2. Naturforsch. 13, b, 201 (1958). 


1 Ragier, R., and Rosenkrans, W., Wisan, bia, Waokr., 62, 445 (1057). 
gee. enp. Med., 190, O27 (1068), 
1 Rigler, R., and Rosenkrans, W., £. Naturforsch., 18, b, 543 (1058). 


* Rosenkranz, W., and Rigier, R., ¥. ges. 
: t, H., and Glass, E., Chremosoms, 8, 617 (1957). 


SOIL SCIENCE : 


C Horizon of the Soil Profile 


In the course of recent investigations on the 
logy of fluvial soils located in the ares of Durham 

, no true O horizon could be observed in the 
numerous profiles and sections examined. In the 


case of so-called ban eda soils, it is, of course, 
well known that the D horizon will usually be un- 
related to the solum. But the finding that the O 
horizon is absent in some of these soils is of pedo- 
logical importance, and, so far as we are aware, has 
not previously been reported for soils of the United 
Nevertheless; the occurrence of soil pro- 
files of this type would seem to be of more than local 
signifloance and may well be wi 

The area under study formed part of the floor of 
a large glacial lake, which came into existence towards 
the end of the Pleistocene epoch, when thiokr 
nesses of fluvioglacial deposits were laid down. These 
deposits, which are often lenticular, are both hetero- 
geneous and variable, ioularly in texture, struc- 
ture, colour, depth drainage ; they show clear 
evidence of water-sorting in the morphology of the 
profiles and sections. 

Tho alluvial soils studied are located in an old flood 
plain of the River Wear and thus represent the results 
of the resorting and deposrtion by the action of water 
on the glacial and fuvioglacial deposite left after the 
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retreat of the ice. They are therefore of similar 
mineral content to the: local fluvioglacial’. deposits. 
These deposits are also extremely heterogeneous. 
In general, the study of the profiles and sections 
of both fluvioglacial and, alluvial soils revealed two 
distinct horizons—a zone of eluviation and a zone 
of ilfuviation ; ‘but it was not poamble to distinguish 
a true O horizon alth the yhvestigation extended 
to Osrboniferous age: ok (shale) encountered 
between 19 and 24 ft. The O horizon is by definition 
the unconsolidated parent materal substantially 
similar to that from which the solam has Aeveloned. 
Before such a horizon can be identified must 
be evidence of this similanty, and this is not apparent 
im the profiles and sections studied. In these: soils 
the ent material ‘of the upper layer of the poil 
has been completely transformed mto the A 
orizon. Probably it was different from the parent 
material of the B horizon-and wag not necessarily. 
identical with any mineral material that can now be 
observed in the regolith. The relationship between 
the different soil horizons is dependent on pedological 
ei acting on parent material horizontally 
and mitially . The horizons 
below the zone of illuvistion must be regarded as D 
horizons, because any unconsolidated material be- 
neath the solum not characterized as parent material 
is so designated’. In these soils the succession of 
horizons is therefore A,B,D. 
It will be seen that the absence of a O horizon is, 
in effect, the result of one or more relatively thine 


layers of transported material origmally 
the upper sone of the ite. A 1 case of 
interest has been in the United States in 


Se ears OF lace: Guy 0k ceo. 
It is known that the O honzon may also be absent in 
the profile of soils developed # situ where the parent 
material is sufficiently resistant to weathermg to result 
in the rate of formation of the solum keeping pace 
with the rate of rock weathering. 

A further relevant experience has recently been 
encountered in an investigation of types of rendzma 
prome developed on the magnesian limestone of 

Durham: Glacial till was found to overlie the 
bedrock in some of the profiles studied. In cases 
where the layer of till was thin the typical rendzina 
Pone e alice gst oh ages rine wr a 

ormed from varying proportions of both till and the 
residues ramaining from the weathering of magnesian 
limestone. In many cases the effective contribution 
of till is sufflciently great to preclude the underlying 
weathering magnesian limestone from being classified 
as parent material. In the case of these soils, the 
succession of horizons is therefore A,D. 

It is hoped shortly to present elsewhere derailed 
reports of all these investigations. 

8. Q. WILLIMOTT 
of Geography, 

The Durham Colleges in the 

University of Durham, 


D. W. QGUOHRET SHIRLAW 
Durham School of Agriculture, 
Houghall, 


“Oo. Dutham. S 
Lo r Tt ann Bisdy, "N. O., “The Nature and 
of Safle”, fifth od., 22 Co., New York, 


Ta Rie Nasa a , 127 GioGrav- 


York, Toronto ahd London, 1 
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Effect of Surface Density of Charge on the 


Physical Swelling of Lithium Montmorillonite 

Troe crystalline of lithium montmorillonite 
before and after heating has been investigated by 
several workers*-*. Hofmann and Klemen! suggested 
that, gn , the small lithium ion mi into 
the orystal lattice to occupy @ vacant site 
with ent neutralization of ithe charge 
originating m that layer due to the isomorphous 
replacement of Al* by Mg*. They termed this ‘place 
exchange’. This process gives rise to marked reduction 
in crystalline swelling. 

Greene-Kelly* has followed by an X-ray technique 
the logs in glycerol adsorption for Lit saturated 
minerals over the range of composition from mont- 
morillonite to beidellite. For leas than 70 per cent 
octahedral substitution he has found some penetration 
of glycerol. Complete penetration was obtained at 
about 10 per cont ootahedral substitution. In other 
experiments’ he studied the effect of only 
saturating the exchange complex of montmorillonite 
with lithium; the other ions balancing the negative 
charge were normal in their behaviour after debydre- 
tion. At about 44 per cent saturation with lithium 
complete penetration of glyoero] was obeerved, but 
for 68 per cent saturation with lithium only about 
one quarter of the internal surface was scoessible to 
glycerol. 

Recently, Jobns and Təttenhorstt have demon- 
strated that the order of penetration into dehydrated 
crystals is ethylene glyool > glycerol > water. It 
was thought that a study of the physical swelling 
of Wyoming bentonite containing varying propor- 
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lithiom saturation and heating on 
capaaity of montmorillonite 
tions of lithium and sodium might give useful informa- 
tion on the minimum gurface density es obarge 


ae ee eae 

ig wigan cs tac moe ere marinficeinedes 
from the control and Heated olay powders. These 
cores were allowed to swell slowly to equilibrium with 
a hydrostatic suction of 100 am. of water. The 
ee ee ee eee 
pl in Fig. 1 reveal that at 56 per cent lithium 
saturation the clay has lost ite capacity for large 
intracrystalline swelling as the control water content 
is greater than 5 o.0./gm. and the heated olay has a 
water content of 0-62 0.0./gm. This latter result can 
be compered with that for sodium montmorillonite 
in the presence of M sodium chloride when the solu- 
tion content was found to be 0:90 c.c./gm.; far these 
ciroumstances the intracryatalline spaces of sodium 
montmorillonite do not expand beyond a basal 
spacing of 190A. (ref. 7). ‘The lower water content 
(0-62 c.0./gm.) for the heated montmorillonite indi- 
cates considerable but not complete loss of internal 
surface. The water content for 75 and 100 per cent 
lithium saturation is a little more than 0-4 0.c./gm. 
orystels since the initial porosity of the olay oore 
was 0-11 0.0./gm. 

In Fig. 2 the exchange capacity of the olay samples, 
used in the swelling work, is plotted against lithium 
percentage prior to heating. The exchange capacities 
determined by the method used by Greene-Kelly and 
AA strontium saturating were in good agreement ; 

the strontium content of the clay was determined by 
an X-ray phio method. The exchange 
capacity (0-80 m.equiv./gm.) for the lithium-saturated 
clay was much higher than reported earlier. This 
exchange capacity decreased to 0-20 mu.equiv./gm. 
when the clay was heated to 300° O. These values for 
E baono Caponi appoar 13 bo too large t Ta 
or by exchange on the external surfaces 


2. Bffect of 
Fig. por 
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of the crystals since the crystals would have a surface 
area in the region of 50 m.3/gm. 

It appears that about 75 per oent saturation with 
lithium and heating to 190° C. are able to prevent 
crystalline expanmon. At 56 per cent lithium saturs- 
tion there is some penetration into intracrystalline 
spaces but large crystalline swelling is not observed. 
At 25 per cent lithium saturation, montmorillonite 
exhibits Ergo Riyaa swelling as the result of ex- 

a potential barrier at a silicate sheet 
separation of 19 A. 

It can be concluded that large crystalline swelling 
is not obtained at a surface density of charge of 
about 0:6 x 10-’ m.equiv./em.?, but it is obtained at 
a surface density of charge of 1 x 10-’ m.equiv./am.’. 

We are indebted to Dr. K. Norrish for the determ- 
ination of strontium. 

J. P. QURE 


B. K. G. Trane 
Department of Agricultural Chemistry, 
Waite Agricultural Research Institute, 
University of Adelaide. 

1 Hofmann, U., and Klemen, R., ¥. anorg. Chem., 68, 05 (1050) 
* Greene-Kelly, R , Olay Minerals Bul., 2, 52 (1053). 
* Greene-Kaelly, B., Mim. Mag., 30, 004 (1055). 
‘Johns, W. D., and Tettenhorst, E. T., Amer. Min., 44, 804 (1050), 
* Aylmore, L. A. G., and Quirk, J. P., Wetwre, 183, 1752 (1959). 
“Aylmore, L. A. G., and k, J. P., National Olay Conference, 

Purdue University (1900) (m preparation). 
1 Norrish, K., and Quirk, J. P., Natwre, 173, 225 (1054). 
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MATHEMATICS 


Theory of Optimal Games 


THHORY of games, and also theory of fair games, 
are well-known subjecta, bub a theory of good (or 
optimal) games does not seem to exist. 

To theory of optimal games there would, for 
example, belong the question: Why, among serious 
poker-playera, is it accepted as ‘better’ to play the 
game wrth a full pack and a hand of five rather 
than with, say, two Piquet shuffled together 
and a hand of seven cards ? historical reason for 
this soceptance is not known, for the origin of poker 
is as obscure as is that of ita name.) 

That a game may possess different states of good- 
nees is well seen from the varieties of two-handed 
whist. These may be epitomized thus: n full packs 
are shuffled together and equally divided the 
two players; of the 26n cards that each player 
receives, kp arè dealt face down to form k packets 
of p cards eacir;` are dealt face up, one on top of 
each packet, and.thd remainmg 26n — k(p + 1) cards 
form the player’s hand, from which, before the trump 
is declared, he must throw away r cards face down. 
When one of the kb top cards is played, the card 
underneath it is tú up; and so on. In theese 
games, obvious examples of zero goodness are (for 
all n), first, k = r = 0, and, secondly, p = r = 0, 
h = 26n; whereas, emprically, n = 2, p = 3, k = 
r= 8 ‘makes rather a good game’. 

In the context of theory of optimal games, it may 
be that croquet should receive consideration, for, in 
ita (fairly short) history, rt has, more than once, been 
felt non-optimal, and rts controllers have altered the 
rules tally (the most traumatico alterations 
being, perhaps, the decisions, first. to abandon play 
by rotation of colour, secondly, to sward an optional 
lft against a player who is ‘doing too well’). 
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There would arise also the question: How far is 
competition a prerequisrte of goodnegs ? In patience 
games, this element is, naturally, lacking, yet many 
of the games are clearly ‘very good’, most notably, 
perhaps, those of the Miss Milligan series (of which 
Miss Milligan iteelf is, by trial and error, the optimal 
member). Croquet 1s & competitive game: the player 
of black-and-blue achieves success if he ‘goes round’ 
before the player of red-and-yellow; but there 
seems no reason why & ‘croquet-patience’, in which 
the two players combme to get all four balls round 
in as few turns as possible, should not be an equally 
good game. 

Clearly, the great difficulty in theory of optimal 
games will be the estabhsabment of a criterion, or 
measure, of goodness, and it may be that this estab- 
lishment will not fall withm the domain of mathe- 
matics; but, once a measure has been established, 
some mathematical analyms or, at least, a mathe- 
matical envisagement, of the problem might well be 


_ possible. 


Anan 8. C. Ross 
University of Birmingham. 


A Remark on Stochastic Path Integrals 
Vanious stochastic functionals of the type: 
S(t) = st V(X(u), u) du ay 


where X (u) is a stochastic process, have been studied 
in recent years (see, for example, Kaot). It seems 
worth noting that for X(u) Markovian, there 1s often 
no particular difficulty in setting up characteristic 
function equations, of the type derived in my book’ 
on stochastic proceases (see especially the end of 
chapter 3), applicable not only to (1) but also to 
rather more general types of mtegral. Thus for: 


S(t) = lim É o(X(w), u, AX(u), Au) (3) 


Ano wmo 
provided 


E OAS + ip AX) — 1} X() = x] = 
eee + Ys ti i, t, x) As + o( As) 


we may set up an operator equation of the form : 


èg - Fg (ip, 19, t, a) 0 (3) 


where O = E {exp(s6S(¢) + ip X(#))}. A particular 
case given on page 86 of my book is v = X(u)Au. 
As further examples, consider v = [AX(u)]% for 
(i) the normal linear Markov process (which includes 
‘Brownian motion’ as a special case) and (ii) the 
simple birth-and-death process, for which S(t) records 
the total number of transitions. For (i), S(t) then 
increases regularly with ¢ (as is well known); for 
(ii), O is readily evaluated, either by (3) or even more 
easily from the corresponding ‘backward’ equation. 
A further amplifloation of these pointe will be given 
elsewhere. 
M. 8. BABTLETT 

The University, 

Manchester 13. 
July 28. : 
AL, “Probability and Belated Topics in Physical Sciences” 
ew York, 1980). : 
Bartlett, M Ba “An Introduction to Btoobasito Processes” (Cam- 

bridge, 1955). 
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FORTHCOMING EVENTS 


Monday, September 12 


3 AnD Tooru Socumry (at 234 Great Portland Street, London, 
ET epee ey Rig Seah 


Saturday, September !7 


DrreerLawraxy Socmmry (in the Todor Room, Caxton 
8.W.1), at 6 p.m.—Hr. P. à. B. Stewart: “A Pro- 
Hioxploration 


BRITISH 
Hal, 
+ gramme of the Moon”. 


APPOINTMENTS VACANT 


are tnvited for the following appointments on or 


AFPLIGATTIONS 
before the dates mentioned 

Borie or Boomoowr, Bosentific O Officer grade (with an interest 
im eld work), to grow and teat planta for atabilly as souroes of 


proteto— tal Station, Har- 
penden, Harts aber 20). 
LECTURER twee peroni interest in industrial 
or m advanced, = theory) m poonowtos -ThA i 
King’s College, Newoastle upon Tyne tember 
- SENIOR LECTURER In BURGERY- AEA A Untveruty, 
or interia in oytogenstics 


Eneteia (September 30). e qualtfies Bons 
or taxonomy) IN BOTANY fn Bi, Salvator’s Oollege— 
mie ee Court, College Gate, St. Andrews 
(mth an honours degree, and preferab wiih a higher 

in ohemistry with postgraduate vi Of academe 


) W PEYMICAL ORNDCOPTEY— 
ewry Street, London, H.0.8 (October 1). 


w ee Pega the Gee The era, ge 


with an in " 
Par psychology and some know 


ledge co’ statiotion] CHOLOGY IN THR DAPAXTWHENT 
or WDUGLTION—The Boore plea A Department 
ot, ere gerne ovember $). 

o AMT AE mw Parras , The Untversity, 
Notdngham. 

BroommrsT or CHET Pao T aame erpaietos in peo 
tein or enxyme work or in natural produot field), for work of a 
fundamental nature on the and of plant pro- 
tame Tna Director Arthur D. Litth Research Ins , In 


honours degree ın zoology or entomo- 


way eee ai ch experiance in forest 
talk yt eee EA Tuner Barer Beas ch 
rel ae es 
Ose, Dan AWI quoting, BOD LOTIN 510/01/01. 
Officer grade (with 0H rca enor Satie Ofte or elenii 
with a a 
aoe Se ee) with: the 
African, Rescaroh Jinja, for 
research on miyalar Te Reorult- 
meni, Colonial Wl, quo BOD.195/1 04/02/01. 
second. In 
and and/or 


College, West fmithfiald, London, H. 
Plas PatTHoLoar (with a good hoe 


Emmo (honours graduates In physics), for work 
on probiama canered with counting k and high 


eee 
nology. Hee dadie, Darant of emir TBA. 
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Resmizcy Faitow (with qualifications in biochemistry), for work 
Pn Di P. T. bea apple deta arpocia. oT andas systeme 

in mammalian The Searstary, University of 
were Cee, Aberdeen. 


OMR or SCMMWTIVIO OFFICER (with a first- 
some 


t bon, and 
) IK Tew B0O800L OF MATANMATI: 
Wales, to lecture and undertake research in 
of pure mathemetios and erably in the field of modern 
The oe eet ow Bouth Wales, 56-57 Strand, 


REPORTS and other PUBLICATIONS 


(not taoluded in ths monthly Books Supplement) 


Great Britain and Ireland 


Bulletin British Auseum (Natural H ). Botany. VoL 
No. 7: The Identity of I By Br Gavin ds 


; Lok Gs ian VoL ®, 
No. 3: Sphecudas (Hym. a eR oe E wae 
Par June de Beaumont, fe ea r. 4 Nos. 6. 


Resistance Ashton and 
P. ML. T. Smart. PD: mu+84, (London : Hea Boies Omon, 1990) 


Ts, 6a, net. 


Britteh Associa 
Guide to the Use of the Telephone In rE Third edition. 
(London: British Assoolation for Commareal and Industriel ted 


porte, louie, Sam 
ane FEDYA Poeno- No. 1019, VoL 252 (23 June 
: A Contribution to the Structure of Coals from X-ray Dif- 
Te Carta and P. D: cae Pp: 897-004, (London . 


970 


Other Countries 


Institut Publica Hans, Série 
EE MT erage ioe adic sda 


16. (0 pat ree ate at ae 


i if 
ey a By a Pp. a (Gounelt Paper Wo. 8 oi 6 of 1960.) (Buva. 


Bário, Faso. 
Te Deaxitmne 


[1 
saat tifleas. Publicacionss del 
Insituto de # be”, VoL 18, afio 1950. Pp. if+278. 
(Madrid. Instituto de “Alonso Barbe”, 1060.) 
be: Government Prnter, 1059.) 

tro Brasileiro fesqusas Fincas, tas do 
Mo. 18: Note on the Hifi of of an Photon 
Beam on tho Angular, Distubukon af the (y.p) Reaction 
A. G. de ho, lho. Pp 257-260 c's, Mo. 19: 
for Fixed Momentum ‘Transfe 


969, 

ee Btates Department of Commerce : Weather Bureau. 
me No, 20: In 

Felating Omon, foso.) 150 dollars. 


tire 
of the Director, 1067-10858. 
Laminous 


ToT SOT, ( eniin E Maou E Z at 
Harvard College, 960.) ” pet? 


a dea Bouse Wotterdionstos. rap Nr, 05 (Band (Band 9): 
on Hans 


Barvey. Speckel 
Interpretation of Selamograme, Prepared 

man. Revised (1960) edition. Pn ii+41. „O. : 
Government Office, 1960.) 1.00 236 
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Oral Tissues. By Pulty. Puson 
. 1-400. (New York: Now York Academy of Sclenoes 
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“SUPPORTER, UNDERSBEVELOPED COUNTRIES 


NE of the most interetiig, and pomdly most 

significant, features of the annual report of the 
Colonial Development Corporation for 1959* is the 
stress laid on man-power. Some reference is made to 
this question in three sectians of the general review of 
the year, although in that dealing with public relations 
no more is said than that a well-mformed and inter- 
ested staff are needed in the Corporation’s work and 
` that :all staff at home and overseas are helped to 


\ realize that, while concentrating on their own par- 


ticular work, they are contributing a significant part 
to a widespread and many-sided enterprise. The 
references made under management and under 
traming schemes are of much wider significance, and 
illustrate the importance of much that Mr. Kenneth 
Younger urged in his Sydney Bull Lecture last 
November on “Trained Man-power for New States : 
the Scope for International Action”, and in his sub- 
sequent study in some problems of trained man- 
power published under the title “The Public Service 
in New Stater’’t. It might be added that Dr. E. B. J. 
e ‘Portman, rector of the Netherlands College for Repre- 
` ‘pantation Overseas, described the Dutch experiment 
in training staff for foreign posta to the Royal Society 
of Arts last January. 

With enterprise so diverse in character and so 
widespread in location as that of the Colonial Develop- 
ment Corporation, it is impossible to over-stress the 
importance of efficient management, and im this 
latest annual report it is urged that such an organ- 
ization can only be suocceasful when there is full 
confidence in the reliability and competence of local 
management. The Corporation constantly gives 
special attention to this problem both in the selection 
of managers for those projecte controlled directly 
or thtough subsidiary companies, and by making 
satisfactory expert management a necessary oon- 
dition for financial participation in any development 
enterprise. As a result of the continued emphasis 
given to this aspect, the Corporation has accumulated 
much experience in judging the best form of manage- 
ment for many different kinds of undertakings, and 
has „also built up a considerable team of- trusted 
managers. 

This management and the continued recruitment 
of suitable young people will only continue to be 
poesible, however, if there is general confidence that 
the Colonial Development Corporation will be given 
the chance to grow, and if it is not constantly 
threatened with a contraction in its scope. Here, 
moreover, there are two aspects of the problam— 
organization and training—and both alike oan affect 
recruitment. On the first, the report comments that 
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important as is the selection of good management in 
the first instance, the process of watching the progress 
of that managemeat and making changes where 
necessary is even more important, and it claims that 
the Oorporation’s methods of supervision through its 
regional organization are especially useful. 

There can be no doubt from much independent 
criticiam of technical assistance schemes that manage- 
ment has frequently proved one of the weakest 
points. This may have been due on occasion to bad 
selection, but more generally it is due to the laok of 
suitable managers or to imperfections of training. 
The Colonial Development Corporation is convinoed 
that successful development of under-developed 
territories requires more than finance ; capital invest- 
ment must be guided and controlled by akilled and 
experienced management, and it is particularly 
important that development should proceed as a 
partnership with the local people in each country. 

Through its regional organizations, subsidiary com- 
panies and projects, the Corporation is helping 
suitable people in British overseas territories to 
undergo business training to equip them to hold 
responsible posts in any commercial organization. 
Several candidates from Nigeria, Malaya and the 
West Indies have already received training in 
management in the regional and London offices of 
the Corporation, and scholarships at Commonwealth 
universities are now being offered in the West Indies 
and in North Borneo. Training for technical and 
supervisory positions is being given on projects in 
the West Indies, the Far East and in various parte 
of Africa. 

In this field, therefore, the Corporation is making 
@ contribution to edacational co-operation in the 
Commonwealth that is by no means negligible, and 
which underlines both the urgency and the importance 
of the task of education in the dependent and newly 
independent territories alike. Mr. Younger’s lecture, 
and even more his book, help to put it in a wider 
perspective. Both the lecture and the book are oan- 
cerned primarily with the new States, and accordingly 
with a field where the Colonial Development Oor- 
poration, for example, does not operate. Apart, 
however, fram the fact that these States, most of 
which are former Colonial dependencies, face many 
of the same problems as all under-developed terri- 
toriea, the newly independent States have usually a 
largely of expatriates, and their national life and 
economy are geared to the existence of this corpa of 
tramed administrators, many if not most of whom 
are likely to leave, at or soon after, independence. 

These trained administrators cannot be replaced 
immediately, and Mr. Younger is not concerned 
simply with the problem of educating and training 
the people of these States to fulfil such positions, or 
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with the special problem of maintaining relatively 
modern and sophisticated services during a vital 
transitional period before such indigenous trained 
man-power is adequate. He is equally concerned, 
more especially in his book, with what could be done 
before independance is reached to ease this transitional 
period. Moreover, while the major burden of creating 
a supply of tramed man-power must inevitably fall 
on the new States themselves, which cannot escape 
the long proces of building up a population generally 
educated for the needs of a modern society, Mr. 
Younger pointe out that the process can be accelerated 
by the conscious adoption of certam priorities in 
education and training, and that substantial assistance 
can be given from outside. 

This, Mr. Younger believes, should be one of 
Britain's main pre-occupations with her overseas 
territories, and rt is of course one of the main purposes 
both of the Commonwealth Scholarship and Fellow- 
ship Plan and of the other measures of Common- 
wealth educational co-operation resulting from the 
Commonwealth Education Conference. Like Dr. 
B. V. Bowden, of Manchester, he pointa out that 
even where there is a substantial element of trained 
man-power, a8 in Ghana, it is ill-balanced ; and while 
there may be a full or excessive complement of 
lawyers alongside a desperate shortage of acientista 
and engineers, even the existing supply of the latter 
may be ineffectively used for lack of sufficient tech- 
nicians or craftamen. Little bas been done until 
recently to correct the tendency of young scholars in 
such territories to prefer the arta to science ; but the 
measures resulting from the Commonwealth Educa- 
tion Conference offer a much better opportunity of 
correcting their preference by planning higher studies 
and overseas scholarship programmes with the view 
of meeting the most pressing needs of particular 
territories. 

Discusang more particularly this transitional 
period, Mr. Younger points out that while the extent 
to which expatriate long-service administrative 
officers and professional and technical officials have 
been replaced by locally recruited men in the inde- 
pendent territories varies from one territory to 
another, it rarely much exceeds 50 per cent and is 
frequently much leas in the senior grades. The ideal 
solution in such circumstances 18 a phased run-down 
of the old service, as locally recruited men become 
available, and this may take anything from three to 
fifteen years. The process has been successfully 
worked in the Federation of Malaya and was not 
unsuccessful in Ghana, while the prospecta for Nigeria 
are reasonable. Success is only possible m favourable 
political circumstances. In Indonesia, the Sudan and 
Guinea, for example, a sound relation between the 
new Government and the old Colonial Service was 
unattainable for political reasons, and sources of 
man-power had to be sought apart from the former 
Colonial power. 

No international organization yet exists on a soale 
which would enable it to step in and make good major 
deficiencies in trained man-power in an emergency, 
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and Mr. Younger in his lecture suggests that such 
situations could be far more advantageously handled 
if International organizations were suitably expanded 
and strengthened. Once this transition is past, new 
States are on the same footing as all other under- 
developed territories and have to build up education 
at all levels, increasingly in their own countries, and 
with their own teachers. Mr. Younger stresses this 
indigenous aspect strongly. While he emphasizes that 
Britain deserves much credit for creating the existing 
institutions of higher education in Africa, he pointa 
out that these are only a small nucleus of what is 
required, and he has formed the impression that the 
Governmenta of highly developed nations, for 
example, the United States, Britain and France, find 
it easier to provide scholarships in their own institu- 
tions than to give help in developing local inatitutions. 

Whether this is true or not—and it could in part 
be a consequence of the shortage of trained man- 
power, especially of scientists and technologists in 
these countries—the United Nations Technical 
Assistance Administration has undoubtedly found, in 
the promotion of training facilities on the spot in 
various areas, a field which has been neglected by 
others. Considering the relatively small soale of 
United Nations activity which Member States have 
so far been willing to finance, Mr. Younger thinks 
the United Nations can claim to be making an out- 
standing contribution in this limited field, although 
ita current annual budget for the Expanded Pro- 
gramme of Technical Assistance is only just over 
33 million dollars, supported, however, by sub- 
stantial counterpart funds in local currency from 
recipient Governments. Further, successful projects 
tend to set in motion activities eventually out of all 
proportion to the initial cost. Some 86 countries 
have contributed to the programme, and 140 terri- 
tories have benefited from it: in 1958 experta were 
drawn from 64 different countries and senior men 
were sent for training to 68. The experts are mostly 
International officials, paid by and answerable to the 
United Nations, and the service has been fairly 
stable in size for several years. It differs from the 
more recent Operational and Executive Service of 
the United Nations, now known officially as Opex, 
put into operation in 1959 with a maximum of 25 
officials, who go out as employees of the Government 
requesting assistance. 

Mr. Younger does not foresee a spectacular growth 
of this service on the purely administrative side, but 
on the professional and technical side it might grow 
considerably and the demand remain steady almost 
indefinitely. He suggests, therefore, that ıt should 
be given some relative permanence, so that it could 
hope to include a proportion of men who make inter- 
national overseas service their career and consequently 
become genuinely expert in its techniques. It would, 
he suggests, be little if at all easier for Britain than 
for the United Nations to provide a constant stream. 
of first-class professional and technical men on oon- 
tract, which is the main requirement to-day. In 
West Africa, for example, an international body 
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which could build up a corps of experts familiar with 
the problema of.the whole area and capable of tran- 
soending the artificial boundaries dividing the former 
British and ‘French Colonies would have s real 
advantage. To treat West African medical, agri- 
cultural and forestry problems as a single whole 
would economize in man-power and serve as a useful 
antidote to ‘Balkanization’, which is one danger 
threatening the area after the end of Colonial rule. 

It is in this context and that of the proved success 
of the United Nations in setting up institutes and 
schools of public administration in South and 
Central America and in helping to create similar 
establishments in Egypt, Ethiopia, the Sudan and 
Turkey, and providing skilled help and advice in this 
field in other countries of Asia and Africa, that Mr. 
Younger raises the question whether the Member 
States of the organization are now willing to turn 
technical assistance Into a major force in world 
development or not. He thinks that new States 
would welcome an increase in multilateral aid, but 
they cannot be expected to press for it so lang as it 
is evident that thowe Powers, which have both capital 
and skilled man-power to contribute, are unwilling to 
supply through international channels more than 4 
fraction of the assistance they offer on a national 
. basis. Nevertheless, he suggests that in the matter 
* of trained man-power, the long-sighted policy would 
be deliberately to build up international services, 
both world-wide and regional, as the instrumenta best 
suited to future needs, and to the conditions of the 
post-Colonial period. 

Mr. Younger’s book describes a study undertaken 
at the request of Nuffield College, Oxford, and 
the Leverhulme Trust and based on a visit to Ghana 
and Nigeria m June and July 1959. While it is 
largely concerned with the public services in Nigeria 
and the Southern Cameroons, its clear analysis, 
including a detailed discussion of the movementa 
which took place in Nigeria and Ghana, is designed 
to ease the transition for territories reaching inde- 
pendence in future, and to suggest what more might 
be done beforehand to that end. The difficulties and 
obligations of the Colonial Power are fairly discussed, 
but to the profeasional man the great interest of the 
book lies in its discussion of the future role of the 
Overseas Service, and the possible forms which such 
a Service could take if it is to encourage Civil servants, 
inclutiing scientists and other professional men, to 
remain in the overseas field. Even for profeasional 
and technical officers whose services are likely to be 
needed longer than those of their administrative 
colleagues, he is doubtful whether such a Service can 
be provided on a Commonwealth basis. Adequate 
career prospects, he suggesta, can now be found only 
in an international organisation. 

While Mr. Younger considers that it would be 
sound policy for Britain to participate increasingly 
in the work of the United Nations and other inter- 
national bodies in this field, this is not the only 
possibility. The launching of the British Overseas 
Civil Service has largely been frustrated through the 
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anxiety as to whether the United Kingdom Govera. 
ment now has direct control over a sufficient range 
of territories to be able to guarantee a life-time of 
employment abroad. If, however, ways were found 
of encouraging men, whose careers would basically 
be pursued at home, to regard periods of overseas 
service as a normal and advantageous feature of 
their professional lives, this difficulty would dis- 
appear. Furthermore, it is easier for a technical man , 
to keep abreast of modern knowledge if he retains 
his home base than if he spends his whole career in 
territories on the periphery of technical advance. 

Present arrangementa do no more than make it 
just possible for a keen man in the Britiah public 
service to serve abroad for a period, albert at some 
risk to his career, though a start has been made m 
the fleld of education to improve this. If, however, 
encouragement of overseas service were explicitly 
adopted as a part of government policy, a big change 
could probably be effected at very small cost. As 
Mr. Younger points ont, it is primarily a change in 
attitude that is required, and especially in that of 
the Civil Service in Britain. Apart from this, he 
suggests the creation of an agency in Britain outaide 
the framework of Colonial administration, which can 
give help to dependent and independent areas alike, 
and by pursuing simultaneously both these methods 
Britain would be making the best use of her accumu- 
lated experience and contributing at the same time 
to international co-operation and to the stability and 
development of new States. 

Very clearly some fundamental thinking, as well 
as a change of attitude, is required, if Mr. Younger’s 
suggestions are to be adopted and errors of the past 
corrected. It is not simply a matter of education 
policy and development in the Commonwealth, or 
even of the more effective training of staff proceeding 
overseas, either in the Oversea Civil Service or in 
private employment. The contribution and function 
of the Colonial Development Corporation must 
obviously be taken into account, as well as that of 
Barclays Bank D.O.O., Unilever, Ltd., and other 
firms that take great care in training staff for over- 
seas; but besides the Government responsibility 
for seemg that the conditions offered for service 
overseas are reasonable and attract officers of the 
highest quality, it is also important that the quan- 
titative demand, especially for scientiflo and tech- 
nical officers, should receive due attention in asseasmg 
the demand for scientific and technical man-power 
and in determining the provision to be made to meet 
that demand. This was a notable omission in the 
last report on scientific and engineering man-power 
in Britain, and the omission indicates one of the 
failings of Government policy to which Mr. Younger 
directs attention. His oriticiam, however, is on the 
whole so constructive that it is to be hoped that the 
Government will respond swiftly to the challenge it 
offers, and provide alike the increased resources and 
the measures which the new situation demands, the 
critical importance of which has been underlined by 
all the subsequent events in the Congo. 
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FERRIMAGNETISM IN THEORY 


AND PRACTICE 
Ferrites 
Physical Pro of Ferromagnetic Oxides in 
Relation to ir Technical Applications. By J. 


Smit end H. P. J. Wie Pp. xiv +369. (Eindhoven : 
Philipe’ Technical Library, 1959.) 72s. 


HE history of the growth of our knowledge of 
ferrites offers an excellent example of the condi- 
tions which are becoming i i necessary for 
success in, present-day physical research. Followmg 
Néel’s ori theoretical conceptions of ferrimag- 
netism, the study of these materials was carried on 
mainly m an industrial organization, furnished not 
only with the necessary technical prowess to ensure 
proper sample preparation and purity control, but also 
endowed with a liberal policy towards basic research. 
Alongride this work the key to a fuller understanding 
emerged from government-sponsored laboratories, 
by means of the technique of neutron-diffraction 
which had grown up as a by-product of the operation 
of nuclear reactors. As a result of this combined 
attack by physical, chemical and crystallographic 
methods, many of the properties of ferrites are now 
much better understood than those of the ferro- 
Toagnetic metals. 
this background Dra. Smit and Wim give 
an account of the basic magnetic s propeti of ferrites, 
rege foro (oh era T are of importance 
for practical applications and with particular refer- 
ence to the chemical composition and crystal struc- 
ture of their materials. emphasize that they 
are writing at an intermediate level for readers who 
are actively working with ferrites, and especially in 
connexion with their technical uses. As @ result the 
opening chapters, which as Part A, “Theory”, form 
almost one-third of the book, concentrate on explana- 
tions given in terms of simple physical models rather 
than strict mathematical demonstrations. Many 
readers will indeed welcome this and will find that 
these early chapters offer a very readable account of 
current conceptions in -viewed in a field 
much wider than that of ferrites and presented in an 
manner. 
ucceeding sections of the book are Part B, 
“Methods of the Ferromagnetic oid pe 
ties”, and O, “Intrinsic Properties”, which consi: 
in turn the three classes of ferrite with spinel, hexa- 
gonal and garnet structures respectively, and desaribes 
their chemical composition, crystal structure, satura- 
tion magnetization and crystalline enisotropy. One 
can complain that the garnet class—particularly 
those containing rare-earth oxides—ged rather scant 


mention with the hexagonal group, where 
the authors do justice to Braun’s el t work which 
unreavelled the structural secrets. the last third 
of the book, Part D, entitled “Polycrystalline 


Ferrites”, we come to the more purely technical data 
for tho sintered polycrystalline product as normally 
handled, 8 macroscopic product the mechanical and 
oaoa proper tieeoF wish will depend da parcit 0d 
any crystallite orientation induced during the manu- 
facturing process. An idea of the very comprehensive 
discussion in this section ia provided by some of the 
section headmgs. There are, for example, sections 
on the frequency-dependence of the conductivity, 
dielectric constant, uity and magnetization 
curve and on the effect of mechanical stress on the 
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magnetic spectrum and the hysteresis loop. The 
data here, as indeed throughout the book, are pre- 
sented very clearly in graphical and tabular form. 
The book is excellently produced and pleasant to 
read, though perhaps with more than ite fair share of 
trivial proofing errors which have escaped detection. 
As personal feclmg I tmagh admit toa dislike of the 
system of referencing, using forms such as Ab 1 
and Ze 1 which necessitate turning to the back of 
the book in order to discover the year of any particular 
publication. Fmally—as a suggestion—the less- 
F ERI OE A who may peruse a good deal of 
book with profit, might weloome a few notes on 
the actual employment of ferrites in electronic 
devices. G. E. Baoow , 


ENERGY FOR THE ATMOSPHERE 


Turbulent Transfer in the Lower Atmosphere 
By Dr. C. H. B. Priestley. Pp. vii+-130. (Chicago : 
University of Ohicago Preas; London: Cambridge 
University Prees, 1959.) 28s. net. 


HE meteorologist is vitally concerned with the 
rate at which energy enters or leaves the atmo- 
ee 
timately provides the major oontrol on the 
behaviour of the atmosphere up to quite high levels. 
Momentum is also drained from the atmosphere at 
the surface; while man, beast and plant lives (or ° 
fails to live) in the layer of air immediately affected 
by these fluxes. are mainly, for momentum 
and latent heat wholly, effected by atmospheric tar- 
bulence, except at the very boundary, and Dr. 
Priestley has written a monograph describing the 
present position of the study of these turbulent 
transfers. As the leader of a notable group on the 
subject near Melbourne over most of the post-war 
period he is admirably fitted to undertake the 
task. 


Priestley begins at the stage reached by the 
subject in the early post-war years, aa expounded by 
Sutton in his “Micrometeorology’. He seta out to 
provide a coherent body of knowledge on the relation, 
of the vertical fluxes of heat, matter (evaporation) 
and momentum to the ‘external’ parameters—the 
choice of thess is quite a part of the problem, partiou- 
larly as they are affected by the density or thermal 
gradient, or, from the other end of the telescope, by 
the heat transfer itself. The simplest condition, 
that obtaining when the transfer properties of turbu- 
lence are not significantly affected by buoyancy 
forces (non-adiabatic lapee-rate), is now moderately 
well understood and descmbed, though the fidx of 
heat or water vapour has not yet been adequately 
related to the actual surface temperature or vapour 
preasure. For heat, a second special case obtains 
when the transfer properties of turbulence are 
dominated by buoyansy forces to the exolumon of 
shear-engendered forces—the regime of free oonveo- 
tion—and here Priestley’s dimensional analysis of 
the problem and the observations of his group provide 
the required relations. In the general case, however, 
where both the above forces are affective and all 
the fluxes are concerned, theory is somewhat halting, 
but a framework for observation has been provided 
and the Melbourne observations of fluxes begin to 
fill the frame. If Prestley is correct, this general 
case is not of outetandmg practical importance for 
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upward heat transfer because he argues for a quite 
narrow sone of conditions between the regimes on 
either mde. 

The evidence on these matters is skilfully assem- 
-bled and discussed by the author. He also presente 
a theory of buoyant motion which is cogent and well 
supported by the experimental record so that mechan- 
ism begins to appear. The bridge has yet, however, 
to be built to the more fundamental ap adopted 
in recent years by W. V. R. Malkus in oh disposable 
constants do nob work is not referred. to 
by Priestley. Not the least valuable part of the 
author’s work is to relate the surface fluxes to the 
larger-scale motions of the atmosphere and to the 
problem of asir-mass modifloation. 

This is an excellent monograph for those with same 
familiarity with the subject of turbulent transfer, 
not necessarily in the atmosphere. It is thus to be 
recommended not only to meteorologists but also to 
practically all fluid dynamicists concerned with 
homies layer problems. They will find writmg 
which is primarily physical in approach and only so 
much mathematics as is needed to make the physics 
effective. The writer is a notably good apologist 


for his own cause, and the reader's enjoyment. 


and stimulus should come in part from reacting to 
the writer’s essence. No serious misprints have been 
noted and the book is nicely produced. 

P. A. SHEPPARD 


THE WORLD AROUND US 


The World around Us 

Edited by Sir Graham Sutton. (Six Easays based 
upon the Christmas Lectures delivered at the Royal 
Institution, 1958.) Pp. vi+122. (London: The 
English Universities Prees, Ltd., 1960.) 16s. net. 


HE 1958-59 Christmas Lectures at the Royal 
Institution were planned to mark the close of the 
International Geophysical Year, and this collection of 
essays based on the Lectures tells of the kind of work 
that geophysicists .do, and describes some of the 
projects undertaken during the Year. I have never 
been able to understand the difference between a 
‘juvenile auditory’ and ‘teen-agers’, or why it is that 
the former flock eagerly to hear lectures of the highest 
excellence by outstanding scientists, and the latter 
are cynically fobbed off with commercialized intel- 
lectual fare which could be described as abysmal if it 
were not certain that there are lower depths yet for 
future dredging. The answer is, I , that 
change is a fine thing. The regular publication of the 
Lectures brings them annually before a wider and 
equally audience; and as a most attractive 
book at about half the price of a long-playing record, 
this present volume should become the best-seller it 
deserves to be. It gives young people what they really 
want when they get the chance to choose it 
The first easay, by J. A. Rataliffe, describes the 
exploration of the electron density in the ionosphere 
by radar echo-sounding, satellite transmissions, and 
observations of whistling atmospherics. J. M. Stagg 
describes the general features of the Karth’s magnetic 
field, the complex interplay of surges in the Earth’s 
liquid care and effecta from outside, particularly the 
emissions from solar flares. R. L. F. Boyd writes on 
the information obtained about the upper atmosphere 
from rocket experiments and instruments carried in 
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rockets and satellites. Sir Graham Sutton, who has 
edited the book, deals himself with the lower atmo- 
sphere and its weather. G. E. R. Deacon’s account of 
oceanography presenta a general picture of the scope 
of a science that ranges from the detailed recording 
of variations in- mean sea-level to harbour design, 
tidal waves, and the tracking of deep sea currents. 
G. de Q. Robin describes the problems of estab- 
lishing and maintaining an antarctic base, and the 
work done at Scott Base as part of the programme 
of the International Geophysical Year. 

The authors and editor are to be congratulated on 
tranamuting the Lectures into easays that reach the 
highest leve) of popular interpretation. They contain 
so much information that is really new to the ordinary 
scientist who has not followed the march of events 
closely, and should be widely appreciated on this 
account as well. The publishers also must be oon- 
gratulated on the production. G. R. Noanzs 


EXPLORING YECTOR SPACE 


Vector Space and lts Application in Crystal- 
Structure Investigation 

By Prof. Martin J. Buerger. Pp. xiv+347. (New 

York: Jobn Wiley and Sons, Inc.; London: 

Chapman, and Hall, Ltd., 1959.) 96s. net. 


F. D. KOSAMBI, the Bernal of India, has 
written a collection of articles entitled ‘“Exasper- 
ating Essays’. It would make a very suitable second 
title for Prof. Buerger’s ‘“Veotor Space and Its Applic- 
ation in Crystal-Structure Investigation”. The book 
is exasperating because the subject is of vital concern 
to X-ray orystallographers, endeavouring to piece 
together the jig-saw puzzle of their experimental 
and yet one cannot feeling that the really 
ee oe presented in a smaller 
and made easier to assimilate. 
crystallographers’ jig-saw puzzle, when the 
Tom are eS ae died together correctly, gives a 
pioture of ca al electron-density distribution in the 
crystal, the corresponding to atomuo positions. 
Unfortunately the pieces will fit together in many 
different ways, and the key, the phase angle of the 
diffracted X-ray beam or the number on the back of 
the piece, which would enable the picture to be built 
up toriiy and systematically, has been obliterated. 
Tice oo mise gt known by which the relative 
hases of diffracted X-ray beams can be determined 
y, and it is this ‘phase problem’ of the structural 
See ee en eee eee 
‘vector space’. The concept originated in 19384 when 
Patterson showed that a modrfled jig-saw puzzle 
could be constructed directly from the experimental 
date, but that the picture so constructed wag the 
‘vector set’ derived from the actual stomio arrange- 
ment. That is, all the possible vectors between atoms 
are constructed and one end of each is then transferred 
to the origin. In there are n’ peaks in the 
veotor di derived from n atomic positions, and 
the problem resolves itself into the ‘unsquarig’ of 
this distribution of vector ; 
Prof. Buerger has played a prominent part in the 
gradual development of systematic methods of tack- 
mg e ee ee eee a 
survey of these methods, many of which author 
has himself originated. It may be said that the book 
is too complete and insufficiently critical, but another 
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of ite exasperating aspects is that one cannot really 
apportion any blame for this. It is by no means yet 
clear which methods are going to be most fruitful 
im exploring vector space, and very little beyond an 
intuitive idea that the two methods are more or less 
equivalent has yet been said on the relation of vector 
methods to the alternative determination of phases 
by the statistical analysis of the raw date. In these 
circumstances, to have all the fundamental ideas on 
vector space and the various analytical methods 
brought together (and developed) in one book is 
really as much as one hag a right to expect, and 
something for which all X-ray orystall hers owe 
Prof. Buerger a debt of gratitude. e criticisms 
that one has are largely mlenced and, exasperating 
or not, this book will be required reading for all those 
concerned with Patterson analysis for a long time to 
come. J. W. JH¥FFERY 


POTASH IN WET AND DRY SOILS 


Japanese Potassium Symposium 

Nme papers read at the First Japanese Congress, 
Tokyo, 1057. Pp. 137. (Berne: International 
Potash Institute, 1959.) n.p. 


Potassium Symposium, 1958 
Twelve papers read at the Fifth Congress of the 
International Potash Institute (4 Sessions), Madrid, 
1958. Pp. 426. (Berne: International Potash 
Institute, 1959.) mp. 

INCE its inception m 1952, 

Potash Institute (Berne) has rendered a valuable 
service to agriculture and agri research. As 
well as issuing the monthly Potash Review leaflets in 
four languages, the Institute has organised five 
potasium congresses in different European capitals 
over the years 1954-68. The Institute also instigated 
Japanese potassium symposium, held in 1957; 
ə nine papers presented in Tokyo are now reprinted 
in English. Four of the papers deal, not surprisingly, 
with potash and the rice crop. Students of rice 
culture will find factual articles which range from 
fertilizer usage to the relationships between, potassium 
nutrition and the disorders caused by fungus and 
bacterium attacks on the crop. A paper on fruit 
trees deals specifically with the effecta of fruiting on 
the composition of young orange tree leaves. The 
nutrition of tobacco is discussed in terms of deficiencies 
and excesses of potassium on the intake of other 
nutrients. Recent work on the distribution and 


labili GA SETER in ocellis and the effect of different 
Bolsa ae ovals Git repica kon tn klag da Dod; The 
reasons for the variations in the potassium-supplying 
power of voloanic ash soils are examined; usually 
the parent volcanic ash contains rather little total 
potassium, which is lost rapidly on weathering. The 
main products of weathering, allophane, halloysite and 
gibbsite, do little or nothing to help the potassium 
economy of such soils. All the papers seem to be well 
documented. 

The volume entitled ‘Potassium Symposium, 
1958”, contains the proceedmgs of the fifth congres of 
the International Potash Institute, held in Madrid. 
Following an introductory paper on Spanish agri- 
culture and the use of fertilizers, most of the ocontri- 
butions impinge on the general theme of “Potash and 
Water”. Special attention is given to the potash 
manuring of Spanish irrigated areas and potasium 


a 
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problems related to the mineral of Spanish soils, 
Three articles deal with fait the penc ae he 
water regime; these molude treatments of the 
morphological and physiological conditions associated 
with drought resistance, the influence of potash on 
the water economy of plants and the effecta of 
extracts of rotted straw on the potassium uptake and 
physiology of plants. Other articles deal with 
I uptake and the moisture status of soils 
(England), potassium in saline soils (Spam) and the 
importance of potassium in saline irrigation water 
(Israel). ame Dates presented towards the end of 
the Congreea allow comparisons of the problems of 
potash fertilization m tem , arid and wet- 
tropical climates. The development of fertilizer usage 
in the Hawaiian sugar industry is also described ; 
here potash-uree pellets are now hailed on the cane 
from the sir. Readers will find short articles on the 
use of potash in Portugal, chlorosis and calcium/potas- 
sium ratios and the use of potash on rubber trees. 

The main articles, which are well documented, are 
all summarized in four languages. ; 

Having circumscribed the globe, one’s thoughts 
gravitate towards the numerically enormous number 
of the world’s farmers who have yet to o their 
first bag of potash. The Internati Potash 
Institute will, year by year, make these fewer and so 
help mankind a happier existence by 
encouraging the proverbial two blades to grow where 
ane grew before. P. W. ARNOLD 


PLANT TISSUE CULTURES 


La Culture des Tissus Végétaux 
Techniques et Réalisations. Par Prof. R. J. Gautheret. 
(Ouvrage lié aveo le Concours du Centre National 
de la Scientifique.) Pp. iv+884. (Paris: 
Masson et Cie., 1959.) Cartonné toile, 10,500 francs. 
R a considerable time following the first succeas- 
ful culture of plant tissues in 1934, further 
studies of such materials were carried out mainly by 
a few pioneer workers. During recent years, however, 
there been a great widening of interest in plant 
tissue cultures, which are now no longer treated merely 
as curiosities but are utilized in the investigation of 
a wide range of botanical and related problems. The 
scattered information obtained fram these recent and 
earlier studies has now been oollected in one oom- 
prehensive volume, and it is fitting that this task 
should have been carried out by Prof. Gautheret, who 
was not only the first worker to achieve the culture of 
plant tissues but by his own work and that of his 
pupils has also continued to make notable oontribu- 
tions in this fleld. 

As the title indicates, the book deals only with 
tissue cultures, and the allied subject of organ 
culture is mentioned only incidentally. The first 
section, of more than 200 pages, covers the important 
topic of technique. The media and methods anges 
by various workers are described in full d , par- 
haps even unnecessarily so; the reader is given 
several plans of the arrangement of instruments on 
the work table. However, such detailed instructions 
have the advantage of giving even the begmner in 
this line of work a good chance of success. 

The second and largest part of the book 8 con- 
cerned with morphogenesis in plant tiasue cultures. 
A detailed description is given of the behaviour of 
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tissues when first placed in culture, and of the 
morphology and development of established strains. 
There is also an excellent treatment of the differen- 
tiation of tissues and organs in various cultures, an 
aspect of plant tissue culture which has probably 
yielded the most interesting results to date. 

Other sections deal with the utilization of tissue 
cultures in various special studies. Thus, the use 
made of tissue cultures in the study of polarity 
and induction is described. This is followed by an 
extensive consideration of the nutrient requirements 
of plant tissues. It is pomted out that although the 
tissues of many plants can be grown on purely synthe- 
tio media, other tissues can only grow, or grow better, 
following the supply of various plant extracts such as 
coconut milk. This section includes a full account 
of the attempts at isolation of the active factor or 


ag in various metabolic studies of tissue cultures, it is 
important to note that freshly excised tissuea show 
marked metabolic disturbances and may differ 
considerably in behaviour from established stocks. 

Other topics dealt with are the culture of isolated 
cells, which is a very recent development, and the 
role of tissue cultures in plant pathology. With 
reference to the latter section, mention may be made 
re a ao ee ae et One 
parasites, and of a particularly interesting account 
of plant tumours, 

In sum, this book is a fine co account 
of all aspects of plant tissue cultures. For a work of 
its size it is remarkably up to date, a supplementary 
bibliography including most of the important 
literature issued during 1958. It is well illustrated, 
the Grovings, Although bulky, th diagrams and 
line drawings. Alth ihe: e e Konyi 
use, a clear subdivision of the contents facilitating 
the location of any particular topio. There ia also a 
useful table of the established strains of 
plant-tissue cultures, w. includes a summary of 
any special nutrient requirements of the various 
tissues. A. ALLSOPP 


COMBATING THE DECAY OF 
TIMBER) - 


Deca a T and Its Prevention 

By and W. P. K. Findlay. 
Sond editien. Pp. xv -+332 -+57 plates. (London 
Sa rae O; 1958. Published for D8.LR.) 
278 net 


‘AY of timber must have been a perpetual 
problem since man first began to use wood, and a 
serious one a8 soon as wooden structures became 
elaborate. We know of the trouble and expense 
which faced the Navy as a result of the ravages of 
dry rot in the days of wooden ships, while in buildings 
decay of timber began to receive serious attention at 
the beginning of the nineteenth century, coincidently, 
no doubt, with the dealine in the use of the traditional 
oak in favour of less-durable coniferous woods. 
Nevertheless, with the exception of Marshall 
Ward's ‘Timber and some of its Diseases’, which was 
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based largely on German ee 
and ita Prevention’, by K. St. G. Cartwright and 

W. P. K. Findlay, of whioh the first edition appeared 
in 1946, seems to be the first oom ivp account 
of the subject to be publiahed in Britain. It embodies 
much material based on the authors’ investigations 
at the Forest Products Laboratory at Princes Ris- 
borough. 

Following introductory chapters on decay, in wood, 


a eee E 
ET ER disooloration of 


when the information sought is soant and vague. 
This is no reflexion on the diligenoe and oere of the 
suthors, but rather on the large gaps in knowledge of 
these interesting and troublesome organisms and their 
activities. It is indicative of the enormous field of 
research which awaits the investigator, more partiou- 
larly with reference to the rots and staining fungi of 
tropical areas. For any such research the book m 
question is certain to be a standard work of reference. 
F. W. Jann 


ANIMAL EXPERIMENTS IN 
RESEARCH 


Achlevement 

Some Contributions of Animal 
Conquest of Disease. By Dr. 
vii +255. (Oambridge: W. Heffer and Sons, Ltd., 
1960.) 18s. net. 


to the 


Tar original and wholly 
adraireblo bask: t could have been attempted 
by a journalist with a amattering of science, but it waa, 
in faot, written by a scientist who has a considerable 
ability for writmg. In view of the seriousness of 
the subject this is a piece of good fortune for the 
reader, while implying no derogation of the art of 
journalism. 
Animal experimentation is not often discussed in 
le company; not often enough, and still 

leas often without ing emotion. Dr. La 
book is in the direct line of descent from earlier books 
on the same subject by Stephen Paget and Leonard 
Rogers; but the treatment is entirely different. 
Nowhere is the word ‘vivisection’ mentioned, and 
nowhere does the author indulge in polemics or argue 
the moral case. He is content, and so may the reader 
be, to tell how animal experimentation has led, as no 
ri method had previously led or could have 
led, directly to advances in human and animal 
medicine and their related fields of research. Among 
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the animals used, man himself, meaning nearly 
always the investigator, has a prominent place in this 
book, which is as worthy a way of paying tribute to 
our great men as we could wish for. The author has 
drawn. freely on articles appearing in Conquest, the 
journal of the Research Defence Society, over the 
past tan yoars. 

A former university lecturer who has written a 
standard work on parasitology might be expected to 
have written in the style of a text-book; but Dr. 
Lapage has avoided this pitfall, without sacriflomg 
accuracy and extensive documentation. The book is 
outstandingly readable; yet it includes nine pages 
of bibliography and a farther nine of index. 

There is so mush to applaud in this dispassionate 
treatment of an emotive subject that even to suggest 
imperfections might be thought ungracious. The 
emphasis on infectious diseasee—three chapters out 
of ten—s8 easily defended, for they represent medi- 
cine’s greatest achievements to-day. Chemotherapy, 
hormones, nutrition and deficiency are, 
- dinier alia, also well treated. The absenoe of a fore- 
word is , all the more because the preface 
is so short. I discovered only two misprints. 

The wise refusal of the author to discuss the moral 
question is the best reason of all why this book 
should be compulsory reading for all who recognize 
that, in animal experimentation, a moral question 
existe. 

The presentation conforms to the high standard 
one has come to expect from the publishers. 

W. LANE-PETTER 


SCIENCE FOR THE FAMILY 


Sclance 

Chemistry, Physics, Astronomy. Hdrtorial Board : 
Dr. J. Bronowski, with Sir Gerald Barry, James 
Fisher, and Sir Julian Huxley. (The Macdonald 
Ilustrated Library.) Pp. 367. (London: Macdonald 
and Co. (Publishers), Lid., 1960.) 458. net. 


HIS is the first volume of a brary of knowledge ` 


written for young readers and their parents. The 
book is so arranged that each double page forms a 
separate article. This arrangement has distmot 
advantages over an alphabetical one, and considerable 
care and thought have been taken m plannmg the 
order of the articles so that the book presents a 
coherent whole. There are a comprehensive glossary 
as well as an index. In addition, several useful 
references occur incidentally in the list of illustration 
credite ; but, in a book where much of the informa- 
tion is of necessity superficial, a more systematic 
bibliography would surely have been weloomed by 
many readers. 

The text is copiously illustrated with excellent 
diagrams, prints and photographs, containing infor- 
mation complementary to that of the text. There are 
also several foll-page illustrations in colour by Hans 
Erni which, while bemg delightful and of high artistic 
merit, seem unlkely to aid the young reader in his 
understanding of the subject-matter. 

The bock unfolds the story of the advancement of 
the physioal sciences from very early times up to the 
present day, including topics such as polymers, atomic 
power, television and sstellrtes. A judicious and 
comprehensive selection has been made, and wisely 
no attempt has been made to introduce subjects 
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which could not be explained taly in elamen- 
tary terms. There is & commendable lightness of 


touch (not always to be found in works of an encyolo- 
psedic nature) m the text, though occasional lapses 
do occur. For example, we are told on p. 126 that 
“work is done only when the force acting on a body 
moves that body in the direction of the force’. On 
p. 128 the reader s apparently encouraged to use 
‘Sveight”’ as synonymous with “mas”. It is stated on 
p. 232 that, for a convex lens, ‘nearer the center... 
the rays are bent lees sharply”’ and on p. 288, for the 
same lens, that “the lens bends rays that pass near 
ita center more than rays that pass near rta edge”. 
The machine shown on p. 121 has mechanical 
advantage 3, and not 4 as stated. Very few misprinta 
were detected, but the young British reader needs 
warning that, the book being ‘‘mternational in scope’’, 
an American, system of spelling has, perhaps unfor- 
tunately, been adopted. 

These are only minor oriticiams. The distinguished 
editorial board, and all others concerned im ite 

roduction, are to be complimented on a volume of 

igh quality which will undoubtedly give hours of 
enjoyment to many readers both young and old. It 
would surely prove a popular addrtion to any school 
library. D. R. DICKINSON 


THE HIDDEN MIND 


The Wish to Fall Ill 

A Study of Psychoanalysis and Medicine. By Karin 
Stephen. Pp. vi+238. (Cambridge: At the Univer- 
sity Press, 1960.) 10s. 6d. net; 1.45 dollars, paper 
bound. 


HIS book is an excellent introduction to psycho- 

analytical theory. It has been based on lectures 
given to medical students at the University of 
Cambridge and so is comprehensible to those who have 
little or no psychiatric knowledge. The author draws 
‘on her clinical experience and the oases she quotes add 
interest to the theoretioal descriptions. 

Dr. Stephen commences with a discussion of the 
origin of the unconscious in disappointment, conflict 
and repression, and describes how this is solved by 
illnees. She shows the obstacles m the way of mvesti- 
gatmg the unconscious and how psychoanalytical 
technique uses free sasociation to penetrate this 
barrier. 

Having shown the difficulties to Investigation she 
passes on to describe what is found onoe we are able 
to lift the lid of the mind, as it were, and see what is 
underneath: the primitive sexual nature of, the 
unconscious, infantile pleasure-seekmg by mouth, 
excretory pleasure-seeking and phallo-pleasure seek- 


This naturally leads on to the fears of bemg 
deprived of such enjoyment—to the Oedipus complex 
and castration fears; the arousal of anxiety and 
guilt, and defence mechanisms ; finally, the use of 
transference in treatment. 

Many people, even now, have little or no idea what 
the analyst is trying to do or how he produces cures. 
Properly conducted analysis is much more sciantrfic 
than is often appreciated and the process is more 
related to observing any other natural phenomena 
than to patting someone’s hand and telling him all is 
well—which is the popular idea of the process. 

CLUFFORD ALLEN 
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Nature and Man 

By John Hillaby. (Progress of Science Series, No. 9.) 
Pp. 64428 plates. on: Phoenix House, Ltd. ; 
New York: Roy Publishers, 1960.) 9s. 6d. net. 


NY series of books designed to help young 

people to keep up with the progress of science 
deserves encouragement. In one of this new series, 
John Hillaby, European science correspondent of 
The New York Timss and zoological correspondent 
of The Guardian, has attempted to show the 
struggle between man, animals and planta and how 
the balance of Nature often becomes greatly dis- 
turbed from what seem trivial From his 
travels in many parte of the world Hillaby haa seen 
the awful results which sometimes follow the upsets 
to natural life and records these in tense and dramatic 
style. 

Among the topics described are the blocking of the 
Congo River by the devil’s lilac and the expenditure 
of £8 million on chemicals to clear it for traffic; 
the fearsome effect of too many lemmings, musk-rats 
and rabbits and other animals; soil-erogion (unfor- 
tunate, perhaps, that Hillaby had to go to Athens to 
witness a soil-storm when his own native Pennines are 
being deposited in Sheffield and other cities) ; and the 
consequences of over-shooting big game. 

There is also a chapter on ways in whioh young 

le can train for careers in the conservation of 
ature. Whether the author is right to pitch a book 
with this approach to young people of “12 and 
upwards” is very questionable. In many secondary 
modern schools the ion that Elton’s ‘Animal 
Ecology” could form useful farther reading for 
children of this age would receive a not unjustified 


rejection. T. H. HAWKINS 
andes of Sugar Technol 

i by Pieter Honig. Vo Crystallization. 
Pp. xviii +567. (Amsterdam : ena Publishmg 
Company; London: D. Van Nostrand Company, 


Ltd., 1059.) 95s. 


HIS volume was produced by a selected group of 
experts as with the first volume. There is a vast 


ma of useful material to be found in these pages - 


and there is little to be criticized. The arystallo- 
graphy of sucrose might have been improved by the 
incorporation of some of the useful work done in the 
University of Bristol, namely, by N. Albon and 
W.J. ing (see Nature, 180, 1848; 1957). This 
was on steps of sucrose crystals. Further 
work was not then published, but is to be found in the 
thesis of N. Albon at Bristol. Also in Doremus, 
Roberts and Turnbull (Wiley, 1958) and in Aca 
Orystallographica, Honig directs attention to the loss 
by inversion on solutions above 65° Brix, as being 
greater than given by the Stadler tables. He also 
mentions that pan work actually gives an increased 
amount of loss of sucrose progressively from affination 
syrup, first crop, and second crop. The invert 
produced was lower progressively, showing that 
combination had taken place. The use of symbols is 
misleading ; C.V. is used for tion velocity 
without explanation, whereas C.V. is already paea 
for the coefflaient of variation. A few 

takes occur, inel , Pp- 198, "foafation”. "Those 
are poor examples o an otherwise very good book. 
It is one that should be on the shelves in all sugar 
factories, refmeries and head offices, and should be 
e ae a E Jenene oe 
day work. . O. 8. ps WHALLEY 
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Les Modèles du Noyau 
Par Michel Trocheris. (Bibliothèque des Sciences et 
Techniques Nucléaires.) Pp. 152. (Saclay: Institut 
National des Sciences et Techniques Nuclédaires ; 
Paris: Presses Universitaires de Franoe, 1959.) 
26 NF. 
HE nineteen-fifties have been marked by & 
vigorous in the theory of nuclear structure 
and the models used to represent it. This book 
in @ series of lectures delivered at Saclay 
in 1955, and the value of its publication nearly five 
years later might seem questionable. The subject- 
matter of this book, however, is by no means as 
general as its title might suggest ; it is concerned with 
an elementary introduction to some of the techniques 
used in calculations based on the models considered 
(the Fermi gas, the shell model and the Bohr—Mottel- 
son collective model), rather than the physica of the 
models themselves or their detailed application to 
experimental data. Such techniques are often leas 
time-dependent than the models which suggest them, 
but the meagreneas of physical discussion must 
inevitably limit the usefulness of the book. A second 
limitation is the almost complete omission of nuclear 
reaction and decay properties from the discussion. 
Such properties are as important to present-day 
nuclear models as the spectra and static moments. 
Within theee limite the author has written a clear, 
elementary account of the subject, and this book 
may form a useful bridge between an undergraduate 
course of quantum mechanics and the specialized 
monographs on the various nuclear models. 
J. M. Sopa 


Nutzenergile aus Atomkernen 
Von Dr. l Rudolf Schmidt. (Einfuhrung in 
Physik und Technik von Kernreaktor und Atom- 
kraftwerk, Band 1.) Mit Beitrdgen von Hans Günter 
Heitmann, B. Logermann und Wolfgang Mayer. 
Pp. xvi+594. (Berlin: Walter de Gruyter und Co., 
1959.) 108 DM. 

F the many books currently available on reactor 

science and engineering, this must surely be the 
most ambitious in scope, dealing as it does with almost 
all aspeots of the subject. Starting with elementary 
atomio and nuclear phyiioi, it leads on to radistion 
and radioactivity, particle accelerators, nuolear 
stability and the chain reaction. This in turn leads to 
elementary neutron physics, reactor theory and 
lattice calculations. 

To note that the subject of nuclear forces, for 
example, is dealt with in about half a page is not to 
criticize the book, since ita aim is clearly to serve 
largely as an introductian to the physica aide of the 
title, while providing a more complete analysis of the 

and technological side. This latter, 
which takes up more than half the book, deals very 
thoroughly with such diverse aspects as chemical 
seperation, ion exchange methods, trans-plutonium 
elements, thermodynamuos (including turbine theory, 
heat transfer, heat exchangers, etc.) and a long 
section on the properties of materials of interest to 
reactor designers. 

The text is very well supplemented by tables, 
Sealy references and even nomograms, but, sur- 

has no index, while topics like reactor 
o fiæion-product poisoning, and shielding are 
apparently examimed in Volume 2, rather than in 
the physics part of Volume 1, and reactor stability 
is ignored entirely. K. R. E. Sucre 
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THE IAN CLUNIES ROSS ANIMAL RESEARCH LABORATORY, 
PROSPECT, NEW SOUTH WALES 


By Dr. IAN W. McDONALD 


Chief, Division of Animal Physiology, Commonwealth Scientic and Industrial 
Research Organmation, Australia 


HE dominant role of the sheep industry in Aus- 
tralia’s economy has naturally influenced the 
trends of agricultural research. ing the early 
phase of research sponsored by the State and Common- 
wealth Governments, attention was focused primarily 
on the control, treatment or prevention of the 
numerous diseases which impaired the productivity 
of flocks. As effective procedures were steadily 
acquired, it became clear that there was scope for 
useful research on the productivity of sheep. 
Plans for such a develo t had gradually been 
matured by the late Sir Olunies Ross (chairman 
of the Commonwealth Scientific and Industrial 
Research Organization), Dr. L. B. Bull (then chief 
of the Organization’s Division of Animal Health and 
Production) and Mr. H. B. Oarter (now with the 
Animal Breeding Research Organization of the 
Agricultural Research Council in Britain). The funds 
to initiate the project were made available by the 
Australian Commonwealth Government through the 
Wool Use Promotion Act of 1945 and the Wool 
Industry Fund Act of 1948. More recently, additional 
financial aid has been provided directly from the 
sheep industry by a levy on wool. 

A site of 116 acres was acquired at Prospect, a 
village twenty miles from Sydney, where some of the 
earliest farms ın the first Australian colony were 
established. The Laboratory, origmally called the 
Sheep Biology Laboratory’, was gradually developed 
over the years 1958-59, and was staffed by research 
groups which had been temporarily accommodated in 
sister laboratories. The main laboratory block, shown 


Pere ei 


in Fig. 1, was completed in 1959 and officially opened 
on March 9 by Lord Casey, who until his recent 
elevation to the peerage had been the Minister-in- 
Charge of the Commonwealth Scientific and Indus- 
trial Research Organization. 

As a tribute and a memorial to Bir Ian Clunies 
Rosa, who had contributed so much to the sheep and 
wool industry through his own research as well as 
his official direction of the research organization, the 
Laboratory was renamed the “Jan Clunies Roes 


time basis, by Dr. O. W. Emmens, professor of 
veterinary physiology in the Univermty of Sydney. 
In 1955, I was appoimted officer-in-charge, and 
an assistant to the chief of the Division of Animal 
Health and Production, Mr. D. A. Gill. On the 
retirement of Mr. Gill in 1959 this Division was 
reorganized and I was appointed chief of the new 
Division of Animal Physiology, of which the Olunies 
Ros Laboratory plays the major part. 

The present staff includes 42 graduates and 56 
technical asmstants. The main building contains 
24 laboratories of modern design with full service 
facilities and air conditioning, a comprehensive 
library, conference room and sdministrative offices ; 
the floor area is about 25,000 aq. ft., and the cost of 
construction was £A.240,000. Two large animal 
houses accommodate 300 sheep in single pens, while 
another 700 sheep are run out-of-doors. The usual 
small laboratory animals, used primarily for bio- 
assays, are housed in fully air-conditioned rooms. A 





Fig. 1. Tho Ian Ciunies Boss Animal Research Laboratory 
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modern operating theatre caters for experimental 
surgery. A number of small fields with sown pasture 
provide for ‘pilot scale’ studies on the graxing animal. 
A well-equipped workshop constructs and maintains 
much of the special equipment required. 

The use of radioactive isotopes in animals as large 
as the sheep poses some special problems in pro- 
tection of personnel and disposal of wastes. To meet 
these problems, an isolated block is being built with 


fitted laboratories for handling radioactive 
preparations and for initial of biological 


labelled with sulphur-85 have proved especially 
valuable in work on wool growth, and chromiam-51 
has found application as a marker in studies on 
digestion. Tritium, carbon-14, iodime-181 and phos- 
phorus-82 have also been used in familiar biological 
techniques 

The work of the Laboratory falls into seven main 


ecology. Tinie oun beac eae aeons 
ee ee with emphasis 
a GE ely elma: Re ats 
ustivity of healthy animals. Sheep are 
cade the most diverse conditions in Aus- 
tralia—from the semi-arid, tropical regions of central 
Queensland, through the temperate of 
New South Wales, the tablelands of the Great Dividing 
Range, to the ocol temperate, high-rainfall zones in 
BO 
e Pe Mied pees to rich highly developed 
pastures carrying several sheep per acre. With such 
in it is difficult to generalize on the topic of 


appropriste to eech of the man regions, 
can gradually be developed. illustrations 
from recent work are given in the following para- 
graphs. 

It has been known for some time that exposure of 
rams to high ambient temperatures may lead to 
seminal i The mechaniams regulating 
testicular temperature show very interesting features. 
The long, coiled, spermatic artery is in intimate 
contact with a venous plexus, forming a complex 
which greatly reduces pulse pressure in the artery, 
anil which aoia as k hickiy afiniatt heateachanges: 
The large temperature gradient between aortic blood 
and testicular tissue (some 5-6° O.) appears to be 
derived from scrotal heat loes, and the arterio—venous 
relations permit the afferent arterial blood to 
quickly to changes in scrotal tare. It is 
probable that the efficiency of the scrotum as a heet- 
E E eee E a aor Sea: aos 
the fertility of the ram in periods of high environ 
mental temperature. 

Fertility of ewes has been examined from several 
angles. The well-defined sexual season of breeds 
developed in high latitudes is not found in Mermo 
and crose-bred sheep, many of which do not show a 


response to declining hours 
of daylight ; but this cannot explain the activity of 
ae r their b ing season 
ae cy a th increasing hours of daylight. 
factors, including ambient temperature, 
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must be involved. Climate also influences the fre- 
quency of twin ovulations in the ewe. Experiments 
are being conducted under controlled conditions of 
light and temperature in the Laboratory to unravel 
these environmental factors and to determine the 
physiological pathways by which ovarian function 
and sexual activity are influenced. 

The occurrence of œstrogens in pasture plants was 
first obeerved some years ago in Western Australia 
and has recently been observed in eastern States. 
This can lead to infertility, dystokia or neonatal 
deaths to a serious degree, and attempts are therefore 
being made to develop bioassay techniques as a pre- 
liminary to further mvestigation of the problem. 
Ovariectomized ewes sand wethers appear to be 
promising material for this study. 

Artificial insemination in bovines has been de- 
veloped, in many countries, to a highly successful, 
routine procedure ; in the sheep, however, the tech- 
nique has proved lees satisfactory. One achievement 
required for successful application is the induction of 
cetrus and ovulation at & time ; 
procedures for this are being developed; but for 
reasons not yet clear, fertility has remained rather 
low. The processes of sperm transport, fertilization 
and implantation are bemg examined to throw light 
on possible interference with fertility. 

The metabolism of the t ewe has been the 
subject of extended study. It has been shown that 
a number of factors contribute to make the ewe 
highly subject to nutritional and environmental 
stresses in late pregnancy, terminating in death of 
toxsamia or the birth of weak 


supplies of glucose available for 
gut, the preponderance of volatile acids as 
sources of energy, and the efficiency of the foetal lamb 
in withdrawing maternal blood glucose, all predispose 
to a physiological hypoglycwmia ; this, in turn, leads 
to hepatic inadequacy and adrenal hypertrophy, 
which permits, under appropriate stress, greet 
increases in circulating corticosteroids, the develop- 
ment of a diabetic state, and profound interference 
with the central nervous system. Only the outlines 
of these metabolic inter-relationships have yet been 
eatablished—much remains to be leamt of the 
factors governing appetite, digestion in the pregnant 
ewe, groes energy transactions, the major metabolic 
pathways, the demands of the fœtus for glucose and 
amino-acids, the capacity of sheep tissues for gluco- 
neogenesis, the endocrme control of metabolism 
and the sequence of events leading to metabolic 
failure. 

The new-born lamb arrives into an environment 
that is all too frequently hostile ; ae pe ta 
scarcely credible that, even in the tropics, may 
die from cold streas. There is a formidable list of 
infective diseases which account for much lamb 
mortality, but many controlled observations have 
shown unequivocally that, in Australia, most deaths 
in new-born lambs can be attributed to exposure 
and/or inadequate nutrition. This has stimulated 
interest in the physiological mechanisms that enable 
the fostal lamb to cope with its sudden change in 
environment, the influence of maternal nutrition on 
fostal development, and the initiation of lactation in 
the ewe. 

aan ee thechasiema governing wool 

ved to be highly complex. The wool 
Pahaa formed in the fostal lamb, though not 
all are producing fibres at the time of birth. Even 
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during foetal life, the development of follicles can be 
influenced by maternal malnutrition, with permanent 
detrimental effects. Maturation of follicles occurs 
Bs teed in the lamb, and with moreasmg age, the 
follicles become progressively lees susceptible to 
irreversible damage. The three major flelds of interest 
regarding wool growth are endocrine control, effects 
of nutritional status and climatic influence. The 
anterior pituitary gland has the major controlling 
influence, but the individual hormones responsible 
have not yet been determined ; this work has led to 
an intensive study of the fractionation of pituitary 
proteins, which has shown the multiplicity of proteins 
‘present in the most highly purified preparations at 
present available. The adrenal corticosteroids have 
a strong inbibitory effect on wool growth, while 
administration of thyroxine leads to enhancement of 
wool growth. ATE APPO TO e DO STOTE oS 
of the sex hormones on wool 

Olimatio influence on wool growth is definite, with 
increase during the summer months and decrease 
during winter. The relative contributions of day- 
length, ambient temperature or other environmental 
factors are being studied experimentally with animals 
maintained in artificially controlled climates. Oon- 
currently, the seasonal variation in reproductive 
performance can be studied with the same experi- 
mental animals. 

Wool growth-rate 1s very sensitive to the nutritional 
status of the animal. The fact that wool is essentially 
a protein ‘secretion’ led to the justified interpretation 
of earlier work that wool growth was a function of 
protein mtake. More recent work has shown the 
curious fact that, provided the protem content of the 
ration is above a certain minimum level, energy 
intake dominates the growth-rate. The physiological 
mechaniams involved here remain to be elucidated. 
Under natural grazing conditions, the influences of 
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nutrition and climate on wool are confounded, 
and much ecological study 1s needed to olarify the 
situation. 

Biochemical work on wool growth has been greatly 
asasted by the use of amino-acids labelled with 
sulphur-85 or carbon-14. The extremely rapid incor- 
poration of labelled cystine mto the growmg wool 
fibre (withm 1 mm. after an intravenous mijection) 
has also provided a tool for the precise measurement 
of rate of growth in length of fibres during short time 
intervals, and for critical examinations of differential 
changes in length and diameter within individual 
fib 


res. 
Nutritional research has been aided by the con- 
struction of two respiration chambers. The closed- 
circuit design has been selected, with automatically 
controlled conditionmg equipment for varying the 
chamber environment over a wide range and in 
constant or cyclic conditions. Experimental sheep 
are housed and trained in an air-conditioned room s0 
that seasonal influences are reduced to a minimum. 
For research in bioclimatology, two climate rooms 
have been constructed, each capable of accom- 
modating fourteen sheep. In one room a wind tunnel 
has been built, to enable experimental animals or 
mechanical models to be exposed to controlled oon- 
ditions of temperature, humidity, wind and simulated 
rainfall. Apart from studies mentioned above on 
wool growth and reproduction, the major projects 
concern the physiological mechaniams involved in 
cold stress and heat stres. å 
The Clunies Ross Laboratory is still in a formative 
stage ; but already it is clear that the application of 
the biological sciences (physiology, biochemistry, 
histology, ecology) can throw new light on one of the 
most ancient of man’s vocations—the husbandry of 
sheep. 
1 Hmmens, O. W., Waters, 171, 597 (1953). 


INTERNATIONAL 
1959 


By M. J. BLACKWELL* 


Introduction 


January 10, 1959, a twelve-man party of the 
Falkland Islands Dependencies Survey arrived 
at Halley Bay to take over the station from the 
Royal Society’s International Geophysical Year 
expedition’, Following the last-minute decision to 
continue the scientific programme durmg the Inter- 
national Geophysical Co-operation, a relief team had 
been hurriedly organized of personnel seconded from 
outside bodies, including five scientista from the 
British and South African meteorological services 
and five technicians from the Services. 

The Falkland Islands bad three links with 
earlier teams : Lieut. G. R. Lush, R.N. (leader) and 
D. W. 8. Limbert bad been members of the 1056 
advance party, while J. A. Smith remained from the 


* Seconded from the Meteorological Moe, Ain Minty, ss rr 
Solentist, Halley Bay, durmg International Geophymeal Oo- 


1958 party. None of the team, however, was able to 
spend more than a week or two m preparation for 
polar work ; each was entirely dependent on experi- 
ence gamed in his normal professional occupation 
An outline of the main activities of the team and a 
few of the significant resulta are described below. 


Surface Meteorology 


Full synoptic observations were made every three 
hours, and mstrumental readings were taken every 
hour. Because of the accumulation of snow, the 
anemometer tower needed an extension of 15 ft. A 
ventilated thermocouple psychrometer, developed by 
D. Tribble of the International Geophysical Year 

was used throughout the period to give the 
complete year of accurate humidity data at very 

low temperatures. It has a potential accuracy of a 
few hundredths of a degree in ice-bulb depression 
and this was more closely realized by adding extra 
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nduine Trials were ard out by D. W.8.° 
Limbéert of a: phogphorus pentoxide electrolytic 
hygrometer* which is capab 


the limit below which the. conventional hair hygro- 
graph b becomes useleas?. 


Upper Alr A 


The Internatiohal Geophysical Co-operation pro- 
gramme provided for one ascent daily. One of the 
immediate problems facing the team was the’ main- 
tenazics of access to the balloon shed, which was 
already two-thirds buried by drift‘snow. An annexe, 
16 ft. square, was built in front of the main door and 
covered with hinged flaps, just above the mow-level. 
The floor of the cavity thus created led down in easy 
-steps to the old entrance. This arrangement, devised 
by G. R. Lush, made it necessary to launch the 
1,250-gm. balloans out in the open. The radio-sondes 
and wind-finding radar targeta had to be attached, 
on the run, before the balloons were torn to pieces 
in the frequent blixxards. By using unwinders with 
trailing aerials, quick-action olips for attaching the 
ngs and by dogged teamwork, ascents were achieved 
on all but 50 days; of these, 46 were gale days. It 
was surprising that balloons which had been twisted 
into fantastic shapes during the launches would reach 
heights of well over 20 km. During the winter 
months the ballodns were dipped in a mixture of 
lubricating oil and kerosene to prevent premature 
burste at relatively low heights. Without this treat- 
ment, heights of 10 km. would be typical, whereas 
20 km. was consistently reeched throughout the 
. winter. Preheating of the balloons also contributed 
to the excellent performances, which are summarized 
in Table 1. 


le of giving a continuous” _ 
record of absolute humidity below — 20° O._ This is | 
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modes of PRE behaviour gives some measure 
of reward to those responsible for urging the extension 
of an observational programme in a remote part of 
the world. | Other features in which 1959 differed 
from previous years were noticeable in both surface 


: and upper air qlimatic sequences. 


Recording of surface ozone was continued using a 
new electrolytic detector element designed by Dr. 
A. W. Brewer, of the Clarendon. Laboratory, Oxford. 
It replaced the er system’ previously in 
use. There appeared to be good continuity between 
the two systems, the change-over taking place in 
March. Monthly means reached a clear maximum in 
winter and minimum in summer. In 1958, a secondary 
decrease which occurred at mid-wintér* is attributed 
to the concentration of local contaminants beneath 
intense surface inversions. The 1959 apparatus was 
installed at the new site for the spectrophotometer, 
well clear of smoke fram the main living hut. This 
work was carried out by J. A. Smith. 

Another meteorological project, attempted by 
D. W. 8. Limbert, was the mvestigation of the 
significant parameters involved in the growth-rate of 
sea ice. Temperature profiles, in air and ice, and 
wind profiles were obtained together with density 
and salinity samples. Combined with other data on 
energy balance (for example, radiation fluxes) avail- 
able from base records, these measurements should 
help to assess the rival merits of recent theoretical 
predictions. ‘ 


Movement of the Ice Shelf 


The most significant work of the year was the 
determination of the movement of the ioe shelf, both 
by conventional and by less usual’ methods. Owing 
to the scatter in astronomical fixes caused by intense 


Table 1. Mfmaw HEGYTS RAACHAD IN UPPER ÀIR Soumpnres 


Fob. 
23-3 


Jan 


7 Month Har. Apul May 
Mean ht. (ko) 22-7 22-5 3 194 


In addition to the work of J. A. Smith, who 
organized the upper air programme, it is a pleasure 
_to record the contributions of our two South African 
colleagues, G. M. Artx and J. Bothma, who had not 
previously encountered the British radiosonde or 
the Decca wind-finding radar equipment. 


Other Meteorological Activities 


Continuous records wers maintamed of total and 
diffuse solar radiation and of total net flux. Additional 
measurements were made of the short-wave albedo 
of the ice shelf, A new hut was built for the ozone 
spectrophotomiter. This was mounted on sledge 
runners to facilitate regular recovery from snow 
drifte. By sighting the instrument through a small 
hatch it the roof, observations could be made in all 
weathers. On one occasion, zenith sky measurements 
were made succeasfully in a wind of 55 knota with 
gusta to more than 70 knots. The development of 
sledge-based huts for similar scientific activities is 
one which shows considerable promise for the future. 
The normal summer observations were linked by 
-~ Moon observations during the polar night. Six series 
of umkehr measurements were made to investigate 
variations in the vertical distribution of ozone. It 
had bean observed in previous years‘ that the spring 

alae! in total ozone content was quite sharp at 
i ey Bay. It is m to note that this increase 
was only gradual in 1959. The discovery of new 
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Ost. 
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ne os on 
refraction, it has taken three years to establish the 
movement within reasonable limits. A provisional 
estimate, based on results for 1957 and 1959 only, 
pre Was movement of about 600 yd. a year. 

imultaneous azimuth observations made during the 
same period show an anti-clockwise twist of the ice 
shelf. The best fit of the available resulta gives 
annual rates of twist of about 18 min. of aro in 
1957, diminishing gradually to 15 min. in 1959. 
The 1959 work was carried out by M. A. Sheret 
and myself in conjunction with the geomagnetic 
programme. 

We also repeated the local magnetic survey made 
a year earlier by A. Blackie and J. MacDowall’, of 
the International Geophysical Year party. This had 
shown a vertical force anomaly.of several hundred 
gamma to the north-west of the base and close to the 
ioe front. It was wondered whether movement of the 
ioe shelf over such an anomaly could be detected as 
little as a year later. The pattern of eight stations 
covering an area of same 16 aq. km. was re-surveyed, 
again uamg a B.M.Z. magnetometer. The contours of 
the anomaly were fully confirmed, but it was im- 
mediately apparent that the ice shelf had moved 
forward, carrying the stake pattern with it, relative 
to the underlying anomaly. .A fairly precise evalua- 
tion of the movement would require a closer spacing 
of the grid and a small closed loop in the magnetic 
contours. Nevertheless, a provisional analysis of the 
resulta (made independently of the astronomical 
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determination) gives a W.N.W. movement of about 
500 yd. a year. There is clearly a wide opportunity 
for the use of this simple and direct technique in 
areas where the magnetic topography is suitably 
convoluted. Though the attamable accuracy cannot 
compete with orthodox survey work, successive 
surveys could be carried out during brief summer 
visita. : 

In addition to the two methods so far described, 
D. W. 8. Limbert fixed the position of two icebergs 
(which were thought to be grounded on the sea bed) 
by triangulation from a measured pattern of move- 
ment stakes. By repeating the survey after an 
interval of nine months and using the change in 
bearings from the icebergs, it was possible to derive 
a third estimate of the movement of the ioe shelf. 
The provisional reduction of the resulta gives a west- 
ward movement of about 400 yd. a year. Simul- 
taneous with the absolute translation and twist of 
the ‘shalf, the pattern of movement stakes was 
observed to undergo deformation, with relative 
changes of 1 or 2 ft. in 1,000 yd. occurring within a 
year. 


Glaciology 


Measurements of snow accumulation were made 
against three different patterns of stakes: the 
standard box pattern for net monthly accumulation ; 
a line pattern, nearer to base, for day-to-day ablation 
and accumulation ;- and two units Paper oe 
posts) for studying the migration o A was 
setae fhe sea te totals of accumulation from 
a given pattern of stakes would sometimes exceed. 
and sometimes fall short of the corresponding totals 
from the other patterns. The differences were main- 
tained for perhaps months at a time, and are thought 
to show evidence of the long-term migration of 
shallow, e features on the ice shelf. Measure- 
ments of density and sub-surface temperature profiles 
were also made. The work was carried out by 
D. W. 8. Limbert. 


Other Geophysical Activities 


The tic programme was maintained by 
M. A. t and myself. Because of the continual 
rise of the anow surface, the fixed mark could no 
longer be seen from the declinometer in the magnetic 
but. The problem was solved by building a new 
declinometer room above the north porch which could 
be entered from below through a small hatch. The 
fixed mark could then be viewed above the snow- 
level. To ensure continuity of reference azimuth the 

difference between the old and new sites 
was determined by theodolite from the mark. Settling 
of the foundations of the magnetographs required 
regular adjustments to be made to the variometers 
but caused no undue difficulty. : 

A farther aspect of the movement of the ioe shelf 
is that the annual means of the magnetic elementa, 
which normally yield the secular variation of the 
Earth’s fleld, will include an additional term due to 
the movement of the magnetic hut relative to the 
magnetic topography of the sea bed. Ths spurious 
component can be allowed for when the movement 
and the contours of the isomagnetics are both accur- 
ately known. In addition to the local magnetio 
survey, the opportunity was taken to obtain measure- 
ments of vertical foroe during the course of a 33-mile 


physiological sledging trip to the east-north-east of 
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the base. This work was done by Dr. J. N. Norman 
and G. M. Artz. When combined, the two surveys 
show that a complex system of magnetic contours 
covers the whole region so far explored. We can be 
reasonably certain that there is a corresponding oom- 
plexity in the underlying geological structure, but it 
now seems improbable that anything can be deduced 
about the physical contours of the sea bed. Soundings 
made from the Falkland Islands Dependency Survey 
relief ship, R.R.8. John Biscos, indicate that the ice 
shelf is floating in the area of Halley Bay and that 
their are no significant shallows which might account 
for the coastal features of the ice front. 

The auroral physica programme was continued 
with quarter-hourly visual observations, and all-sky 
camera records during significant displays. M. A. 
Sheret, who carried out the work, is also attempting 
to investigate auro: etic relationships. An 
investigation of tidal currents off the coast, made by 
me, was a contmuastion of a programme sponsored 
by the National Institute of Oceanography. The 
potential difference created by the motion of sea 
water across the Earth's magnetio field was detected 
by a pair of silver/ailver chloride electrodes suspended 
below the sea ice near the bay*. Tidal variations can 
be distinguished in the records during periods when 
geomagnetic activity is slight. Seismological records 
were also contmued until the end of the year. 


Biology 

Two distinct programmes were carried out by Dr. 
J. N. Norman. A physiological investigation into 
the micro-climate of individuals was sponsored by 
the Medical Research Council. Integrated skin tem- 
peratures were obtained, by means of vests sensitive 
to temperature worn next to the skin, for four sub- 
jects going about their normal duties. Additional 
readings were taken during the man-haul aledging 
trip already referred to, and these were linked with 
observations on dehydration and energy balance of 

A separate investigation in the fleld of pengum 
biology was carried out durmg the winter months. 
By building a small satellite base with living hut and 
mobile generator, planned by G. R. Lush, it was 
possible to observe the vast Emperor penguin rookery 
(3 miles to the west of base) from close quarters. As 
a result, J. N. Norman, helped by M. A. Sheret, was 
able to collect a timed series of embryos and to extend 
our knowledge of the breeding cycle of these primitive 
creatures. 


An attempt has been made to describe somethnig 
of the scope and variety of the work now being 
carried out by the Falkland Islands Dependencies 
Survey at Halley Bay, with particular emphasia on 
the leas routine We are indebted to the 
International Geophysical Year parties of 1956-58 
for the excellent start given to the station. This 
article is published with the permission of the 
Director, Falkland Islands Dependencies Survey. 


1 Fuchs, V. H , Natures, 184, 851 (1959). 

1 Brewer, A. W., Air Ministry, London, Met. Ros. Pap. 1084. 
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` SPECIFIC INHIBITORS OF THE ADRENAL CORTEX 


By Fror. J. H. U. BROWN 
- Department of Phystology, Emory University, Adanta, Georgia 


HE endocrine system is composed of many glands 

in often inaccessible locations with a wealth of 
interrelationships. In order to investigate the indi- 
vidual hormones it’ is necessary to remove the gland, 
or to inhibit in some way its fonction. Removal is 
often, diffoult and in many cases impossible. For 
this reason, one of the arms of endocrinology bas been 
the development of substances which speorfically 
inhibit a single endocrine organ. 

It has been possible for many years to block the 
action of two of the endocrine glands with specific in- 
hibitors. The use of alloxan to destroy the beta cells 
of the isleta of Langerhans in the pancreas and thus 
produce’ true didbetes mellitus has permitted great 
strides'in the study of the action of insulin. The use 
of the various thiouracils to mhibit synthems of 
thyroid hormones and permit investigation of thyroid 
physiology is too well known to require ion. 
The search for specific inhibitors of the other endocrine 


would be of special value to the endocrinologist aioe 
in moet species it is impossible to remove the cortex 
without simultaneously removing the medulla, and 
since the presence Soe ca m all species 

Furthermore, 


often makes the o PTEE repent 
a substance whi ais it specifico pathways of 
steroid syntheem would be of inestimable value in 


elucidating the synthesis of the various steroids. 


Amphenone B 


Great interest was aroused in 1950 when Hertz, 
Allen and Tulmer™ reported that a new compound, 
p-aminopropiophenone (amphenone B) (Fig. 1), 

Allen and Corwin! appeared to cause 
enlargement of the adrenal and thyroids of rate. Two 
explanations were possible: the pituitary could be 
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directly strmuleted to increase output of ita hormones 
and thus stimulate the target organ to greater func- 
tion, or: secondly, the target organ itself might be 
affected by the drug. Administration of adrenal or 
thyroid hormones with the amphenone completely 
prevented the of the glands and indicated 
the sarto of action to be at the end-organ level. The 
resulta also inhibrtion rather than stimula- 
tion of the adrenal and thyroid and demonstrated 
that the enlargement was due to compensatory 
hypertrophy which usually occurs in the absence’ 
of the target organ hormone + to the 
increased output of trophic hormones of the 
P 


ituitary”. 
The results were soon confirmed by Chappel et al., 
by Coste e al.* and by .Danowski"*, who reported 


pituitary, increesed lipid deposits in the adrenals, loss 
of colloid end increased epithelial cell height of the 
thyroid cells, and fatty infiltration of the liver of 
rate treated with amphenone. The resulte taken as 
a whole indicated decreased function of the thyroid 
and adrenal with increesed output of pituitary trophic 
hormone. 

The picture was apparently clear-cut until Hog- 
neas™, Heming” and Vogt"! presented resulta 
ing stimulation rather than mhibition of the thyroids 
and adrenals as a result of administration of amphe- 
none. Vogt cannulated the adrenal vein and demon- 
strated increased steroid production when amphenons 
was given to rata. In the light-of later experiments 
on both man and other animals, these results must 
be interpreted as due to peculiarities of dosage, to 
stram differences, or to unknown factors. 

Despite the contradictory information, other 
experiments sustained the interest in amphenone B. 
For .example, several workors**.*4.** demonstrated 
that amphenone inhibited the production of aldo- 
sterone by the adrenel cortex at a much lower dosage 
than that required to suppress the output of the 
other adrenal steroids. 

In view of the promise of amphenone as an adrenal 
cortical imhibitor attention was turned to the 
production of derivatives which might prove to be 
more effective or leas toxic. Hertz’! found that of 
some 25 derivatives only 8 had promise as inhibitors 
(Fig. 1). It should be emphasized that the structures 
reported by Allen and Corwin! and utilized by Hertz 
were not correct. In 1957, Bencze'* found that the 
molecule became re-arranged (Fig. 1), 80 it is possible 
that other derivatives might more satisfactory 
theoretically than, thoge on the old structure. 

- was also necoating on the mode 
of action of emphenono. Marks** reported that the 
drug appeared to inhibit pathways of steroid meta- 
bolism which did not require oxygen, that is, glands 
treated with amphenone to complete inhibition of 
steroid synthesis still utilized ‘the same or greater 
amounts of oxygen. Marks also found that cholesterol 
acoumulated in the adrenals of rate treated with « 
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amphenone and he suggested that the site of inhibition 
might be at the level of conversion of cholesterol to 
the of the adrenal steroids (pregnenolone, 
for example). Rosenfeld and Bascom“, in a much 
more elaborate study, utilized the newer methods of 
steroid identification and found that amphenone 
inhibited the 11, 17 and 21-hydroxylation of preg- 
nonolone and probebly inhibited the conversion of 
the 3-hydroxyl to a 3-ketone. 

The demonstration of the action of amphenane in 
animals led to its immediate use in human patients 
suffermg from adrenal cancer or 
The drug was tried with several patients having ad- 
renal carciioma*s,™,** with successful results. In these 
patients there was a decreased excretion of 17-keto- 
steroids, some evidence of tumour ion, and & 
depression in the exoretion of 17-hy ortiooids. 
The experimental resulta had shown ovidence of 
thyroid blockade as well as an adrenal action and a 
series of papers’™4.%,"3 demonstrated that iodine- 

uptake was deprossed, organic binding of iodine was 
~ markedly decreased, and that enlargement of the 
thyroid occurred in man treated with amphenone. 
The drug wes also tried in patients with hyper- 
adrenaliam*s,*%,"3,"* with considerable success as 
measured by regression of symptomatology. 

However, difficulties soon arose in the use of 
amphenone. Patients developed thyroid blockade, 
toxic symptoms including blood dyscrasias, liver 
damage and general malaise. A major symptom was 
extreme drowsiness“, which could be predicted from 
the anwsthestic property of the drug previously 
reported in rate**. It soon became obvious that the 
many disadvantages might outweigh the advantages 
of the drug. 


DDD 


At about the same time as the synthesis of amphe- 
none, Nelaon and Woodard™ were testing the toxicity 
of insecticides, i ing the derivatives of diphenyi- 
ethane. They reported that high doses of the material 
1,1-dichloroethane, 2,2-b18 parachlorophenyl (DDD) 
(Fig. 2) produced necrosis of the adrenal cortex in 
the dog. By contrast, DDT, the tri-chloroethane, 
was totally ineffective. 

The co und was immediately taken up by 
Nichols his co-workers", who found in short 
order that dogs fed DDD became imsulm-sensttive, 
that the usual biphasic response of the blood sugar 
to alloxan did not occur m dogs treated with DDD, 
and that these animals did not respond to adreno- 
corticotrophic hormone injections with the usual 
increases in uric acid or allontoin excretion. Since 
all these responses sre usually attributed to the 
metabolic activity of the glucocorticoids of the adrenal 
cortex an immediate on was made that 
DDD either the activity of the pituitary 
or of the adrenal cortex. Nichola” at first postulated 
that DDD blocked the effect of adrenocorticotrophic 
hormone on the adrenal, but was soon forced to the 
conclusion that DDD acted directly on the cortex. 

Other evidence of the inhibition of the adrenal 
cortex was obtained by Little**, who found that dogs 
fed DDD developed a Pcie aera O 
filtration-rate similar to that of i 
dogs, and by Nichols, Kaye and Larson*’, who found 
that eee ache PERESA the action of barbiturates. 

first direct proof of the adrenal suppressing 
fer of the was obtained by Brown 
et al.*,1*, who found that the excretion of 17-hydroxy- 
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p.p— DDD 0,p-—DDD 
(Inactive) (Maximal atrophy) 
H 


OH Hydroxy derivative— 
OH, 152 
(Moderate atrophy) (Hypertrophy) 

CH, 


Amphenone SU-4885 
(Hypertrophy) (Hypertrophy) 
o o 
one boon, QO 
Parahydroxypropiophenone Bensophenone 
(Activity questionable) (Inactive) 


Fig. 2. Structures related to DDD with some mdation of the 
activity as edranal cortical mhibitors 


corticoids was markedly depressed in dogs given 
DDD. They also reported that the effect could not be 
reversed by the administration of adrenocortioco- 
trophic hormone, indicating the adrenal site of action, 
but that the effect could be completely reversed by the 
administration of cortisone. The resulta were soon 
confirmed by Kuchmeister ¢ al.“ and by Vilar and 
Tulmer’®. 

The action of DDD in the dog was clear. Identieal : 
resulte were obtained in cattle and in the domestic 
fowl**. Unfortunately, the resulta were not so clear 
in the rat. Browns’ found that DDD had some m- 
fluence (decrease) on the eoamophil of the 
rat to adrenocorticotrophic hormone that it may 
have alleviated the course of alloxan diabetes in the 
same animal. Verne and Wegmann"™,'® claimed that 
DDD produced adrenal cortical atrophy im the rat. 
This was in direct contradiction to Brown‘ and others, 
who reported hyperplasia of the adrenal in DDD 
treated rata. Stoner, Haag e al." and D’Arcy™ 
failed to find evidence of any effect of DDD on this 
animal. It would a that the situation 8 unre- 
solved, and that furtiia work is necessary. Perhaps 
the isomers to be discussed below will provide a com- 
pound active on the rat adrenal. This is a problem 
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which must be attacked since the rat is the most oom- 
monly used laboratory animal in the investigation 
of adrenal function. It may be an interesting 
coincidence that DDD appears to be most active in 
those species which secrete as the 
Major metabolic steroid and is mactive in the one 
animal tested to date (the rat) which does not secrete 
this steroid. 

Because of the possible use of DDD as ‘an adrenal 
blocking agent, many derivatives have bean investi- 
gated (Fig. 2). The most active of these is ‘Perthane’, 
the di-cthyl derivative of DDD. The drug is an 
active adrenocorticolytic agent, but a 
active a oe a ee di dis oie 


similar to that of amphenone, which they closely 
resemble in structure. 
tho adrenal covet or ct similar. Nias and 
on the adrenal cortex are not similar. Ni 
igar™ fed am animals previously 
treated with DDD, Bad DOD va anita or ba 
treated with amphenone. They found that amphenane 
could not prevent the atrophy from DDD, but that 


addition to the more direct measurements of 
adrenal function under the influente of DDD 
(steroid excretion, eto.) there are more subtle indice- 
tions that the gluco-corticoids are either not being 
produced or not active at the timsue-level. Candela 
and Candela", for le, found that the dis- 
phragms of DDD- treated Tats were insulin-sensitive 
when com to normal , While Nichols, 
Davis Green found that the adrenal cortices of 
dogs treated with DDD did not respond to adreno- 
corticotrophic hormone with the usual increase in 
a ion found with normal glands. 
Naidoff ¢ al. found that DDD lowered the blood- 

sugar of diabetic rabbits, and Tornblom"™ 
that DDD lowered the serum polyesocharides of the 
same species. All these observations suggest responses 
ee ares Berle We toee Obemned in 

ectomy 
In course of investigations on DDD, many workers 
had noted that the dosage required to a 


from the technical material of an active agent which 
gave consistent at much lower dose-levels 
than that reported for the crude DDD. Characteriza- 
tion of the pure substance led to the conolusion that 
it was present to the extent of about 10 per cent 
im the technical products and was the o,p-isomer of 
DDD. The remainder of the technical material was 
pp-isomer. 

t was soon demonstrated that the p,p-isomer was 

inactive and that the o,p-isomer contained all the 


material, and as the active isomer varied from batch 
to betch, moonsistencies were reported. At about 


$87 


the same time as the wolation of the active agent, 
Nichols" found that an oil molated from the technical 
e a so a e T a 
adrenals, but. he failed to characterize 
It was probably the o,p-isomer. Vilar and Tuliner’, 
however, used crystalline o,p-DDD and confirmed the 
resulta comp 
With the availability of a pure product, it became 
possible to tost the material in man- Porthan had 
tested“."", but large doses were 
and some toxicity devel: Sheehan 
eal Nichols hed previously tated DD 
negative results’, Bee diay had. toed Che cook al 
msterial with unknown amounts of o,p-isomer. 
Zimmerman", on the other hand, also used. technical 
material and found some tumour regression occurred 
in cancer patients and that a modest decrease in 
blood corticosteroids oovld be elicited with the 


drug. Brown et al.’ found a definite decrease in . 
blood cortiooids in three cancer patients treated with . 


the o,p-isomer and Bergenstal, Lippett, Moy and 
Hertz* found definite ion of adrenal function 
in twelve patients adrenal carcinoma with 
regression of tumours and objective improvement of 
the cancer. Some toxicity was reported. Tornblom™ 
found that DDD decreesed the meidence of hyaline 
vascular disease in diabetic man and noted that 


To the present very little attem 
determine the site of action of D D on the adrenal 
cortex. ee ee p 
complete diss of cell structure, but it is 
known that doses will hibit steroid production 
before signs of necrosis develops. Nichols was able 
to demonstrate an effect of DDD on the oxygen con- 
sumption of adrenals treated with adrenocorticotro- 
phic hormone, but he did not attempt to determine 
the site at which the mhibition occurred. Because 


It is also possible that use of the o,p-isomer or of 
some other derivative might make the 
effective in the rat and increase its value immensely. 


SU-4885 


In 1958, Chart e al.» 
designe 


that a new analogue 
p (Fig. 2), was 
adrenal function of dogs, 


Jenkins, Haskin, Naod and Thora tied BU 4886 
in man and obtained a decrease of 90 per cent in 
steroid excretion. is acide E gust alae bd 
ated steroids appeared im the urine, mdicating 
blockade of this step. The blockade was 
by the finding of large amounts of tetrahydro Æ and 
F. Similar resulta were reported almost at once by 
Liddle et al“, ee ee Jenkins et.al.“ again 
reported almost total suppression of gluocosteroid 
Ey ee ee treatment 

that the major difference between 
SU 4880 and amphenone was that amphenone was 
leas selective in action. 

The drug has not yet been investigated to the 
extent which will allow prodiction of future use in 


esd 


Other Substances 


Several other materials have been reported to exert 
an inhibitory or lytio effect on the adrenal cortex. 
Dimethylamimoenti and some of its analogues 
have been Borth* to inhibit steroid output 
_ of:the cortex. The effect is slight and the large doses 
su Sonare da nat perimit zorr ias ube, 

Edgren & al.* found that 6-methyl-17-acetoxy- 

progesterone decreased adrenal size and function as 
. measured by the ‘cold’ test. This is moonclusive 
evidence and no further work has been reported. 

Inhibition of aldosterone secretion upon, adminis- 
tration of delia-d-cholesterone hag been reported by 
Frederickson™ and Golden and Overman™ 
necrosis of the adrenal cortex followmg mfection with 
O. diphtheria in monkeys. The compound para- 
Pera propiophencns (PHP), which is epsentielly 

the amphenone molecule (Fig. 2), hag been tested 


PHP which might be attributed to decreased adrenal 
function’ and a consequent decrease in gluconeo- 
genesis, while Danowski'* found that the drug 
decreased adrenal size. In all cages, the effects were 
not’ marked and high doses were required. 


Steroldal Lactones 


A good deal of attention has been directed to a 
class of drugs which antagonize aldosterone and 
deoxycorticosterone (Fig. 3). The drug has been 
extensively investigated by Kagawa™.4. The effecte 
are not mediated through the adrenal, and so this 
drug ‘cannot be classed with those which have a 


direct adrenal action. 
a 


>o 


eC 


Bpiralactons 
Fg. 8. The structure of a steroidal lactone with effects on steroid 
exoretion 


Structure-function Relationships 


All the compounds which are potent adrenal 
inhibitors appear to porpess two six-membered rings 
linked together by one or two carbon chains. In the 
case of amphenone and of DDD phenyl groups are 
attached to the same carbon atom, while m the case 
of SU-4885, they are attached to adjacent carbon 

atoms. 
` The effect of substitution on fonction is not clear. 


~~~ ~The presence of substitutions on the phenyl rings is 


A OY o sT (Fig. 2), but substitution 

to enhance the activity m some cases. The 
addi ion of ethyl, methyl, chlorine and bromine to 
the phenyl group produces a more active compound. 
The use of nitro, methoxy, or aldehyde substitutions 
produces a completely inactive o 4. The 
effect of location of substitution not been 
* extensively vestigated. It is known that the 
p.p-chloro derivative is completely inactive while 
the o,p-chloro derivative is astive in a high degree. 


ae 
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Compounds are now being synthesized with various 
sterio configurations to investigate this problem. 

The substrtution on the car alice 18 Gs 
phenyl attachments is ortant. A tri-chloro 
substitution (DDT) is ss es ineffective, aa is 
the mono-chloro compound“. Removal of the 
chlorines from the adjacent carbon, substitution of a 
Ee dead group on the phenyl carbon, and apparently 
Sia romeo of a Eevane on. one oF tho chain carbons 

in hypertrophy rather than atrophy, although 
& greater or lesser inhibition of action may occur. 
ee eee 
in the chain since benzophenone is inactive", 
this connexion it 18 Interesting to note Bee ee 
pound of,related structure (3,5-dioxo-1,2-diphenyl, 
4-n-butyl pyrazolidine) has been reported to have 
slight adrenal inhibitory activity*. 

It 18 interesting to note that all the compounds 
which have inhibi pro ies appear to have a 
six-membered ring, appears to be no 
raino Liat dl be bentenald m character Tho 
nitrogen-containing ring of SU-4885 appears to be 
quite effective. Although the active amphenones 
mentioned by Hertz?* all contained p,p-amino groups 
on the benzene rings, ib 1s not known whether these 
are essential to activity. Reasoning from the informa- 
tion available on DDD one could conclude that other 
substitutions might be equally or more affective. 

This work was supported by grants from the 
National Institutes of Health, National Cancer 
Institute (Oy-3150). 
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OBITUARIES 


Dr. W. Lawrence Bal's, C.M.G., C.B.E., F.R.S. 


Da. Lawnanos Barts, who died on July 18, was the 
foremost of many workers who have been engaged. on 
the development of Egyptian ootton during the 

t oentury. B ga investigations have 
beat of great practioal importance as well as of 
outstanding scientific interest. In addition to pro- 
viding scientific knowledge, he markedly influenced 
the administrative procedures in Egypt for making 
that knowledge effective. 

William Lawrence Balls was born in 1882. After 
being educated at King Edward VI School, Norwich, 
and St. John’s College, Cambridge (of which he was a 
fellow from 1909 until 1913), he became botanist to 
the Khedivial i Society in 1904 and 
served that body and (later) the Egyptian Department 
(later Ministry) of Agriculture until his retirament in 
1947, except for a period 1915-26, when he was 
designer and head of the Experimental Department 
of the (then) Fine Cotton Spinners’ Association, Ltd., 
at Bollington, Cheshire. i 

During the first phase of his career in Egypt, Balls 
made detailed physiological studies of the growth of 
the cotton plant and of the mode of development of 
the fibres produced from the seeds—the raw cotton 
af commerce. Many of the resulte of theese funda- 
mental investigations are summarized in his now 
olaasioal works “The Cotton Plant in Egypt” (1912) 
and ‘The Development and Properties of Raw 


Cotton” (1915). He also made some of the earliest 
critical genetical studies of plant characteristies and 
features of fibre ity, and rapidly formed the oon. 
elusion that mediocrity and degeneration in bo 

yield and quality were inevitable under Egyptian 
conditions unleas genetio variability was minimized 
and controlled. From this arose his concept of ‘pure 
line’ strains. This work led to the development of 
methods for making available pure-line seed supplies. 
During his later career in Egypt, as chairman of the 
Ootton Research Board of the Ministry of Agriculture, 


Balls gave continuous encouragement to the policy 
of crossing and re-crossing of the various strains to 
exploit to the full the latent istios inherent 


in Egyptian cotton and persisting from the original 
historical medley of impure cottons. ae 
_ From the start of his career, Balls was actively 
interested in the iological requirements of the 
is led him to study the water and 


mrga 
desoribed in “The Yield of a Crop” (1988). In this 
work he arrived at the valuable, though possibly 
depressing, conclusion that the improvements in 
crop yield made over the years, by himself and his 
co-workers through better pest control, improved 
manuring, the development of more prolific atrains, 
eto., had only made it possible to counterbalance 
approximately the progressive losses caused by the 
water-logging of the soil associated with the increase 


990 


in the water-table following the change from the 
bemn type of irrigation to perennial irrigation. 

In considering fibre quality, Balls took sa his end- 
point the quality of the spun yarn, and this interest, 
together with the circumstances of his career, led 
him into spinning technology. His ‘Handbook of 
Spinning Tests for Cotton Growers’? (1920) was a 
pioneer work that needs little amendment to-day. 
His “Studies of Quality in Cotton” (1928), based on 
reeearch work done at Bollington and describing 
notably the ‘drafting wave’ and the ‘Rule’ spinning 
frame, ‘has influenced much of later technological 
research and development. 

Balls was active to the end, and it was a pleasure to 
delegates at the Jubilee Conference of the Textile 
Institute (which had awarded him an honorary 
fellowahip in 1943) in May of this year, to hear from 
the master himself a paper on the “Beginnings of 
Botany on a Cotton Crop’’. j - 

Dr. Lawrence Balls was a great man, in the true 
sense of the words, who made for himself a career and 
won by his ability international recognition in a 
little-known and, at that time, little- ed field of 
investigation. . W. Hoar 


Prof. J. Brontë Gatenby 


Pror. James BrRonTĂ GarexeBy, the emiment 
oytologist, died on July 20 while on holiday at 
Galway, Ireland. Born in 1892 iri New Zealand, he 
developed a keen mterest in and this 
led him to correspond with Prof. E. B. Poulton m 
Oxford, where he later went as a student and studied 
under Prof. E. 8. Goodrich. His interest in entomology 
was reflected in many of his later papers. He 
graduated in 1916 with first-class honours and was 
appointed lecturer in histology in Prof. (later Sir 
Charles) Sherrington’s Physiology Laboratory. He 


soon became interested in cytology, particularly in the: 


inclusions of the germ cells of a wide variety of 
animals, and he published a long series of papers on 
this subject. In 1918 he was appointed to a senior 
demyship at Magdalen College, Oxford, and in 1919 
lecturer in cytology in the University of London, 
where he worked with Prof. J. P. Hill. Durmg these 
years he produced a considerable number of papers 
on the embryology, oogenesis and of 
both invertebrates and vertebrates. His D.Phil. he 
obtained from Oxford and his D.8c. from London. 
In 1921 he was appointed to the chair of zoology 
and comparative anatomy in Trinity College, Dublin, 
a post which he held until 1959, when he was 
appointed to a research chair of cytology in the same 


University. During this period in Dublin he attracted , 


students from all over the world, and he was involved 
in several flerce controversies relating to the Golgi 
ap e cell inclusion which he studied m 
considerable detail. These controversies were mainly 
concerned with Parat’s vacuome h is and alao 
with the question of whether or not the Golgi bodies 
in many cells were staining artefacte. i 

Since the Second World War, Gatenby took an 
increasing interest in electron microscopy. He became 
firmly convinced of the great potentialities of this 
technique two years ago when he worked for a while 
at the Argonne National Laboratory in the United 
States. He was, however, always insistent on linking 
this work with light mi studies. This was bis 
_ gecond visit to the United States—in 1980 he spent a 
year at Yale University as a Seeasel Fellow. In 1983 
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he was appointed visiting lecturer to the University 
of Louvain. 

He had a very extensive knowledge of microscopical 
techniques, and for many years was a joint editor of 
“The Microtomist’s Vade Mecum”. He was on the 
editorial board of the Journal of the Royal Micro- 
scoptcal Sootety and other learned journals, and was 
made an honorary member of a number of acientifle 


To his studenta Gatenby appeared rather fearsome 
at times, but to keen and interested ones he gave 
every eucouragement and showed much kindness. 
He would stand for no sham or bluff. He was in many 
ways an outstanding representative of the old school 


.of classical xoologists. His teaching and published 


work refigcted his respect and affection for some of 
the great names of British zoology whom he knew 
well—Goodrich and Lankester in particular. By his 
death the world of cytology and zoology has lost an 


` eminent man. He is survived by his second wife and 


four children by his first marriage. 
; i J. N. R. GRaNa 


Prof. F. A. Jenkins pee 


Pror. Franom A. JaNzNeg, professor of physica m 
the University of California, died at his home in 
Berkeley on August 8, after an illneæ of two months. 
He was a graduate of the Universities of Chicago and 
Toulouse and had been a faculty member at Berkaley 
for thirty-one years. He had held Guggenheim 
fellowships at Utrecht, Uppeala and most recently at 
Oxford, where his presence and activity im the 
autumn of 1958 are warmly remembered at the 
Clarendon Laboratory, at Brasenose College, which 
made him a member, and by many friends and 
colleagues. 

Jenkines’s name is perhaps most widely known 
through the excellent text-book on optics, by Jenkins 
and White; but it is his research work, covering & 
wide field of optics and especially spectroscopy, which 
has established his reputation among physiciste, 
contributions were in the field of molecular spectro- 
soopy ; of the numerous topics only some of the most 
important oan be mentioned here: his thorough 
study of the ON bands and of perturbation effects in 
their rotational structure, the investigation of isotope 
effectes and the determination - of isotopic mass 
ratios (Li,, BO), his work on the intensity distri- 
bution in the rotetional structure of bands and on the 
changes of coupling conditions as the result of 
i ing rate of rotation (NO), the determination 
of nuclear spins and nuclear statistics from alter- 
nating intensities (Se, C1) and the study of Rydberg ` 
series in band : ° 

In the field of atomis spectroscopy, his work on the 
quadratic Zeeman effect in sodium and potassium, 
of Zeeman effecta in forbidden lines and on hyperfine 
structure and isotope shift is outstanding. Hoe also 
made valuable contributions to spectroscopic methods, 

i in the field of dielectric multi-layers, 
studying the performance of broad-band interference 
filters, the dispersion of the phase change im such 
filters and the ultra-violet reflectivity of multi-layere 
containing antimonous oxide and lead chloride. It 
was especially his knowledge and experience in this 
field fram which the group in the 
Clarendon Laboratory derived great benefit during 
his stay there. 
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analytic chemistry théte.- In 1915 he took an active 
„part .m the organization of Polish university educa- 


His most recent mteresta were exciton absorption 
spectra and methods of applying electronic computers 
to the analysis of band spectra. In the latter fleld he 
worked in olse collaboration with the Departments 
of Chemistry and of Astronomy-in Berkeley. 

A feature common to all Prof. Jenkins’s publi- 
cations is their thoroughness and completeness, both 
in the measurements themselves and in their theoreti- 
cal evaluation; there was no room for false claims, 
either in his work or in his personality. ` 

Those who knew personally ‘Pan’, as he was 
called, will have lively memories of his warm per - 
aoiidiiey, bP Dana andoretanding aad. Redna, 
his sense of humour and the breadth of his interests 
and concerns. Many will also recall his happy home 
and , that-meant so much to him.* He was 
strongly attached to California, where he had spent 
moet of hie life, and he liked the camping holidays for 
which that State affera so many opportunities. But 
he also had strong ties with the Old World and felt 
very much at home in England and other European 
countries. - His presence and contributions will be 
meas missed at many See conferences. 

H. G. Kony 


Prof. Tadeusz Mitobedzki 


Pror, Tapsusz Mizonapznk1, formerly of the 
Warsaw Polytechnio, died on July 18, 1959. He led 
a simple, quiet life and worked successfully until old 
age. He was a man of great intellectual power, a 
skilful research worker and en excellent teacher. 

Milobedzki was born at Koto upon Warta on June 
16, 1878, and graduated at the University of Warsaw 
in 1897. He took a special interest in organic chem- 
istry, and was a student of Prof. Wagner, a 
in terpenes. He slso worked in Berlin, and 
Graz, and obtamed his Ph.D. cee SaS 
University in Cracow in 1918. 

In 1906, when the Russian authorities had allowed 
the opening of the Polish Technicel College, Mito- 
bedrki was appointed lecturer in inorgenio and 


t 
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tion. He was & co-organizer af the Warsaw Poly- 
Seen si he A eS E 
In 1917 he was app an extraordinary 

at the Central Bono ‘of Agriculture in a 
where he became the first rector. In 1922 he was 
called to the chair of inorganic i in the 
University of Pomań, and in 1929, after the death 
of Prof. J. Zawidzki, he succeeded to the chair of 
inorganic chemistry at the Warsaw Polytechnio. 

For his outstanding work as a scientist, organizer 
and teacher, be was made an honorary professor of 
the Central School of Agriculture at Warsaw and of 
the Jagellonian University. 

In 1922 Prof. T. Mitobedzki became an ordinary 
member of the Pommat Society of the Friends of 
Saiences, and in 1982 he was elected to the Warsaw 
Scientiflo Society. During 1987-39 he took part in 
the work of the Polish Committee of the International 
Union of Pure and Applied Chemistry.’ In 1945 he 
became a member of the Polish Academy of Science 
and Arts and, on ite foundatjon, of the Polish 
Academy of Science. 

Een Peo ee part in the 
development of the Polish cal Bociety. In 
1920 he wea one of ite founders and in 1028 he was 
elected president. 1916-17 he was the editor of 
Ohemik' Polski and during 1035-89 he was the editor 
of Roosniki Cheri (Annales Sootetatrs Ohimicas 
Polonorum).~ 

Prof. Mitobedzin and his pupils carried out im- 
portant investigations on titration analysis. He also 
— on, ana ea peor pion compounds, using not only 

ical morganic chemistry but also 
as of physical ‘chemistry, including the Raman 
spectra and absorption spectrometry. Prof. Mito- 
bedzki also worked out a commonly applied new 
method for the detection of eoid radicals. His books 
on analytical chemistry, ‘‘Szkots analizy jakościowej” 
(School of Qualitgtive Anelysis) and “Szkole analizy 
iloéciowej” (School of Quantitative Analysis), were 
ouch used. WIKTOR Wanara 
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National Institute of Medical Research: 
Prof. P. B. Medawar, C.B.E., F.R.S. 
Paor. P. B. Mapawan, professor of zoology at 
cue Oollege, London, who is to succeed Sir 
pagers, a needle OE bos National 
Institute of Medical Research at Mill Hill, brings to 
the post an outstanding record in medical research 
and an exceptionally broad background of relevant 
biology. - A product of Pra Oxford Department of 
Zoology and Anstamy, he began 
research in Sir Howard Plorey’s department with a 
study of growth and movement in cell populations. 
When the Second World War came, he turned to 
nerve regeneration with Prof. J. Z. Young’s group, and 
the problems of nerve grafting soon led him to akin 
grafting. Ever since, though there have bean many 

interesting by-products of his active mind 
human growth, wound-healing, ageing and cell trans- 
formation, he has pursued the problems of the 
homograft reaction, tenaciously and resourcefully: He 


has immensely olarified this fleld, and has been the 
leading figure in an international movement which is 
contributing fundamentally to knowledge of immune 
mechanisms. His success in research has been due 
to an unusual range of gifts: skill and speed in the 
laboratory, a flair for the design of crucial experi- 
ments, and a powerfully analytical mmd. He was 
elected to the Royal Society at an unusually early 
age in 1949, and received a Royal Medal in 1959. 
His work is communicated in an irresistibly brilliant 
style, and his powers of exposition have often been 
used i to a wider public, most recently in. 
activity in creative science with a great amount of 
work in scientific policy-making, notably on the 
University Grants Committee (1955-60) and the 
Agricultural Research Council (since 1952). His 
ability to combine productive research with heavy 
administration assures the success of his new 
appointment. 
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The London Research Station of the Gas Council: 
2 a es Dr. R. H. Griffith 


Dr. R. H. Grorvrrn, director of research at the 
London Research Station of the Gas Council, has 
retired. Dr. Griffith went to Magdalen College, 
Oxford, and obtained a D.Phil. m 1925. In the 
same year he jomed the research laboratory of the 
Gas Light and Coke Company. During the ensuing 
thirty-five years, Dr. Griffith has built up a world- 
wide reputation in the intricate fleld of catalysis, and 
has contributed a number of important papers on 
various aspecta of this subject, notably in the 
Proceedings of the Royal Society. He is the author 
of a standard text-book on “Contact Catalysis” and 
also of “The Practace of Research”, which describes 
in detail the functions, structure and organization 
of a chemical research department attached to 
industry. In 1945 he was appomted senior research 
chemmst to the Ges Light and Coke Company, a 
position he continued to hold with the North Thames 
Gas Board after nationalization. On the retirement 
of Dr. Hollings in 1952, Dr. Griffith was appointed 
controller of research of the Board and director of 
the London Research Station of the Gas Council. 
Dr. Griffith has been awarded the H. E. Jones Medal 
of the Institution of Gas Engineers on two occasions. 
The Gas Council ia now to review ite research activ- 
ities, and for the tme being Mr. G. U. Hopton, 
senior research chemist, will be le for 
research at the Fulham Laboratories of the London 
Research Station. 


Hector: a New Research Reactor 
Toa United Kingdom Atomic Energy Authority 
has now issued the contracts for the construction of 
a new sxero-energy oscillator reactor which is to be 
built át the Atomic Energy Establishment, Winfrith. 
The reactor, which will be called Hector (heated 
experimental carbon (graphite) thermal oscillator 
reactor), hab been designed y to facilitate the 
use of the pile oscillator technique for evaluating the 
nuclear behaviour of fuels, moderators, and struos- 
tural materials in reactors. This technique, which 
utilizes small samples, has been devised by the 
Authority to further the reactor physios aspecta of 
power reactor development. It is e that 
Hector will go critical during 1962. The reactor 
possesses a unique feature, in that it is possible to 
reproduce closely the conditions appropriate to many 
different designs of power reactors. The reactor core 
is an annulus of graphite and highly enriched 
uranium/aluminiam alloy within which various 
assemblies of fuel and moderator may be constructed 
around a central tube. The sample under investiga- 
tion will be cycled through this tube, producing 
oscillations in reactor power-level from which the 
nuclear behaviour of the sample, under the conditions 
reproduced by the assembly, can be determined. 
Since the fuel material in the assembly may be 
natural or enriched uranium-236, plutonium, thorium, 
uranium-233 or irradiated elements from power 
stations, and since the assembly can be heated to 
450° O., it is possible to investigate samples under 
the conditions to be found throughout the life of 
many different designs of power reactors. Successful 
measurements are possible only if the temperature of 
the heated assembly is extremely stable. It is 
desirable that the moderator temperature should not 
by more than 8 x 10-* degree C. per minute. 
The design of the reactor to achieve this has involved 
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the use of novel techniques, specialized materials and 
the highest standard of control and instrumentation. 


Special Assistance for Effluent Lialson 
A THREH-YEAR project to assist tanners and 

dressers with effluent problems has just been started 
by the British Leather Manufacturers’ Research 
Association. The project has been made poesible by 
the agreement of the leather industry, through the 
United Tanners’ Federation and the Britash Leather 
Federation, to contribute ‘new’ industrial income for 
‘affluent liaison’. To this the Department of Scientific 
and Industrial Research will add £2 for every £1 of ` 
‘new mcome up to a Maximum of two-thirds of the 
total cost (estimated to be about £20,000 for the 
three-year period). The terms on which the grant 
has been awarded are that the industmal income must 
be additaonal to any other income which the British 
Leather Manufacturers’ Research Association receives, 
and that 1t must be used for haison purposes only. It 
was decided that under this scheme, two new liaison 
officers, one a specialist in vegetable tanning, the 
other a specialist in chrome i should be 
appomted to recommend and demonstrate to support- 
ing firms modifications in leather-making processes 
designed to reduce effluent problems. A mobile 
laboratory will be equipped to undertake the analy- 
tical testa required in this work. 

British Natlonal Lending Library for Sclence and 
Technology R 
CHang in the book-buying policy of the National 

Central Library recently adopted by the Trustees, 

partly in consequence of the creation of a new 

National Lendmg Library for Science and Tech- 

nology, are described by Mr. 8. P. L. Filon, librarian 

and to the Trustees, in an article oon- 
tributed to the Library Association Record for August. 

More attention will be devoted to earlier British 

books (before 1958), partioularly those published since 

1800, when they are actually required and not avail- 

able. Many foreign books not available in Britain will 

in future be bought, rather than depend on foreign 
loans. Books in English, published in other countries 
and in the Commonwealth, will remain a substantial 
proportion of those purchased by the Library, and 
generally the same conditions as for British books 
will be appled. Consideration of the purchase of 
medical books has been deferred until the policy of 
the National Lending Library for Science and Tech- 
nology in this respect is clarified, and acquisition of 
research material, both books and periodicals, in the 
field of science and technology has been mostly left 
to the fature National Lending Library. The Library 
will acquire foreign university theses if these arg not 
available m Britain. In future, the Library wil 
acquire all current British Government publications 
as well as useful older publications and certain pub- 
heations of international bodies obtainable through 
H.M. Stationery Office. In future, priority will be 
given to the acquisition of publications of learned 
societies, both British and foreign. As regards 
periodicals, it is expected that virtually evary 
periodical in science and technology will be taken by 
the National Lendmg Library for Science and Tech- 
nology, or by some library in aseociation with it. 

The position in the humanities will be very different, 

and while the Trustees envisage that the National 

Committee on Library Oo-operation may wish to 

organize & scheme for coverage of British periodicals, 

they have authorised the librarian to acquire foreign 
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periodicals where these are not available and where 
they are not more suitably taken and made available 
by another library. The policy regarding ition 
of periodicals for loan will be closely related to that 
for the purchase of learned society publications. It is 
also intended to build up s oollection of specimen 
copies of new periodicals. Mr. Filon stresses that 
these changes imply no changes in the rules for the 
inter-lending work of the Library or in ita work for 
adult classes. 


Index Chemicus 

A Nw journal entitled Index Cheméous bas been 
published by the Institute for Scientific Information, 
1122 Spring Garden Street, Philadelphig (annual 
subecription rates: educational foundations, 250 
dollars ; industrial and Government agencies, eto., 
500 dollars). The publication is a monthly index of 
new reported in the literature and claims 
to give information within thirty days of ita first 
appearance, The first number reporta more than 
8,700 newly synthesized organic compounds. The 
production is in the hands of a staff of experienced 
organic chemists, and the preparation uses both 
manual and machine msthods for handling chemical 
information. A system of checking to ensure accuracy 
is in use. The text lists chemical names, structural 

and molecular formulp, as well as complete 
bibli information including article title, 
authors’ i addresses, and original journal 
references for each compound. Indexes will be issued 
quarterly and annually. Each entry is numbered 
and there is an inserted author index referrmg to 
these numbers. It is noticed that Japanese and 
Russian literature is covered. 

There is no doubt that this new publication will 
greatly facilitate the work of research chemists m the 
fleld of organic chemistry. In other abstract journals 
there is a serious time lag between the publication of 
the material and the appearance of the abstract, and 
perticularly in the publication of indexes.- The 
amount of information which oan be extracted from 
the Index is, however, very limited, but enough is 
probably givan to enable a chemist to know if the 
publication listed is likely to be of interest to him. 
Particulars of prices, eto., also a booklet and specimen 
pages, can be obtained fram the Institute. 


Nuclear Engineering Abstracts 

Tum appearance of yet another abstracting journal 
is an event which it is natural to regard with some 

icion. However, the practice of nuclear engin- 
eering involves the drawmg together of s20 many 
different sciences that there has been a need 
“for a journal which attempts to cover the whole field. 
Nuolear Einginesring Abstracts seta out to provide 
informative abetracta of all the important publica- 
tions which are relevant to the theory or practice of 
nuclear engineering ; the coverage is wider than that 
of many abstracting journals, since newspapers and 
house journals are included, when appropriate, iñ 
addition to the usual periodicals, patents and reporta. 
The standard set by the first iæue of the new journal 
is high; the layout is good, so also are the Indexing 
and crowi-referencing. If this standard can be main- 
tained in i issues, Nuclear Enginsering 
Abstracts will be essential reading for anyone taking 
a real interest in the field (Nuclear insering Áb- 
siras, 1,No.1; July 1960. Pp. 100. London: Silver 
End Documentary Publications, Ltd., 1960. Annual 
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tion covering four issues, poet paid, £6 6s. ; 
18.50 dollars. Single if available, post paid, 
£1 120. 6d.; 4.75 dollars). 


Scientific Papers of the Meteorological Office 


“Airborne Moeasurementa of Latitudinal Varia- 
tion of Frost-pomt Temperature and Wind” is .the 
subject of the first number of a new series entitled ` 
“Boientific Papers” to be published by the Meteoro- 
logical Office (Air Ministry: Meteorological Office. 
Scientific Paper No. 1. Pp. ii . (MLO. 664.) 
(London : HM. Stationery Office, 1060.) 8s. 6d. net). 
This series replaces the former "Profeæional Notes” 
and ‘Meteorological Reporte”, and like them each 
number will contain one peper. It will give accounts 
of research work carried out in the Offloe. It is printed 
on paper more than an inch wider than its 
in order to allow more space for the diagrams which 
are an important feature of most meteorological 
papers. Accounts of the most important investiga- 
tions will, however, continue to appear in the ‘‘Geo- 
Physical Memoirs” series. This first issue, by N. O. 
Helliwell, sommarizes and discusses observations of 
the elementa quoted made by the Meteorological 
Research Flight in the lower stratosphere on six 
days in the summer of 1956 and three in March 
1957 between Minorca and the Norwegian Sea near 
the Arctic Circle. The frost-point, giving s measure 
of the humidity, showed little variation with latitude. 
Jet streams were traversed on some flights, and the 
horizontal wind-shear in them was measured. Clear- 
air turbulence was, as expected, encountered in 
association with some jet streams, but it was also 
encountered at places where no explanation for t 
could be found. The temperature observations on 
two flights were such as to suggest that tropospheric 
fronta were continued into the stratosphere. 


Environment and Culture In Southern Rhodesia 


Rosen Summans, curator of the Museum at Bula- 
wayo, Southern Rhodesia, has published an inter- 
esting paper on the relationships of environment to 
pest cultures in that country (Proc. Amer. PAil. Soo., 
104, No. 8; June 15, 1960). 
present to the past, 
have to be remembered, but the physical map and 
the geology of the region have remained constant. 
No lees than twenty-three distribution mape are 
given, showing such things as the modern vegetation 
pattern end what it would be with various t- 
ages of the present rainfall. Other maps show the 
dateibalino of the peebisteris Gulbarea as wall as of 
the rock-shelter arb and the ancient mine workings. 
Why did some early cultures shun areas where 
Mopane foresta would be growing? The answer is 
probably because the testae fly Glossina morsitans 
would have made cattle breeding impossible in, those 
districta. The various possible invasion routes depend 
to a large extent on the ‘lay-out’ of the country, and ~ 


-peoples coming in from outside have, of course, 


greatly influenced past history. Actually, Southern 
Rhodesia can be shown to have been both a cradle 
and a corridor. Again and again not enough attention 
has been paid to the relationship of various culture 
groups to their environment, both climatic and geo- 
ae E ee ee 
studied. Roger Summers is to be co 

having ad succesfully follswod in the foctatode of Bir 
Se e 
Sir Oyril did in his “Personality of Britain”. 
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Strontium-90 and Natural Strontlum In Human 
Bone 


A BOENT report, “Radioactive and Natural Stron- 
tium in Human Bone”, from the Chemistry Division 
of the Atomic Energy Research Establishment, 
Harwell, is the latest in the series in which resulte of 
the analyses of human, bones in the Unrted Kingdom 
for strontrum-90 and natural strontium are listed 
(A.E.R.E. 228248. By J. W. Arden, F. J. Bryant, 
E. H. Henderson, G. D. Lloyd and A. G. Morton. 
Pp. 8. London: H.M. Stationery Office, 1960. 
ls. Od. net). The results grven are for es 
received during 1959 and analysed by the end of 
the year. Many of the samples were from subjecta 
who died durmg 1957 and 1958. For the determ- 
ination of strontium-90 the separation and countung 
of the yttrrum-90 daughter is the preferred method, 
but when the activity is too low the determination 
has to depend on countmg of the strontium source. 
Emission spectroscopy was used for the determination 
of the natural strontium sources. The results show 
that between the latter part of 1958 and the first 
half of 1959 there was a rise, compared ig bilo 
periods, in the number of strontium unite ‘bed 
for all the various age groups except the ‘over 20 
years’ group. The contamination of diet m the United 
Kingdom is largely dependent on the rate of fall-out 
and the higher bone burdens thus reflect the Increased 
tate of deposition which has ocourred since early 
1958. 


Low-temperature Fuel Cell 


Tua succeasful development of a low-temperature 
fuel cell that can generate 8—5 times more power per 
unit volume than other similar cells has been an- 
nounced by the Shell Research Centre at Thornton, 
Cheshire. The high output has been achieved as a 
result of fundamental studies on fuel cell electrodes. 
This work has led to the development of inexpensive, 
highly active electrodes. The cell can operate with 
either alkalne or acid electrolytes. When run on 
hydrogen and oxygen at a pressure of 3 Ib. per aq. in., 
current densities of 70 amp. per sq. ft. can readily be 
obtained with both types of electrolyte at room tem- 
perature. If air is substituted for oxygen there is 
little loas im performance. As the cell warms up to 
60° C., the output is doubled and a power output of 
346 kW. per ou. ft. is achieved. Multiple fuel cells 
with up to six oells per inch have been constructed, 
and it is considered that units with a power-to-weight 
ratio of 50 W. per pound could be made. The work 
at Thornton is continuing and will mclude a study of 
fuela other than hydrogen. During the past decade, 
much of the effort on fuel cells has been devoted to 
the development of high-temperature cells since, in 
these cells, the electrode reactions are rapid and high 
efficiencies can be more easily achieved. Recently, 
however, more attention has been given to low-tem- 
perature cells and it would appear that this is 
a fruitful field for farther research and development. 


Travelling Fellowships In Medicine s 


APPLICATIONS are invited for Rockefeller travelling 
fellowships, Sir Henry Welloome travelling fellow- 
ships, U.8. Public Health fellowships and the French 
exchange scholarships. These awards are o to 
graduates in science who are resident in the p 
Kingdom and have some trainmg in research in 
medical science and who intend to return to Britain 
to ræume or take up new appointments in university, 
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hospital or academic research. Fellowships held in 
the United States provide annual maintenance 
allowance st rates varymg from’3,000 dollars accord- 
ing to individual circumstances (500-700 new franca 
monthly with additional sterlmg marriage allowance 
in the case of French exchange scholarships) and 
traveling expenses are also provided. Further 
information and application forms may be obtained 
from the , Medical Research Council, 38 
Old Queen Street, London, §.W.1, and the closing 
date for apploations is October 31. 


Announcements 


Mr. A. R. O. WOLU, a director of 
Consolidated Gold Fields, Ltd., and of New Consolid- 
ated Gold Fields, Ltd., has been elected president of 
the Institution of Mining and Metallurgy for 1061-62. 
He has served on the council of the Institute for 
fifteen years, and held the office of vice-president 
during the period 1951-54. 

Dz. W. J. KBOLL, of Corvallis, Oregon, will delrver 
the sixth Castner Memorial Lecture, “The Fusion 
Electrolysis of Titanium”, on October 7 at the Royal 
College of Science and Technology, Glasgow, C.l. 
Further information can be obtamed from the Society 
of Chemical Industry, 14 Belgrave Square, London, 
8.W.1. 

THs Research Laboratories of the Timber Develop- 
ment Association at 8t. John’s Road, Tylers Green, 
Penn, Bucki ire, are holding two open days , 
on October 12 and 13. Further information can be 
obtained from the Association’s headquartera, 21 
College Hill, London, 4.0.4. 

THRE will be open days at the National Chemical 
Laboratory, Teddington, Middlesex, on October 19 
and 20. Applications for invitations should be sent 
to the Director not later than September 24. Those 
already on the mailing list for invitations need not 
re-apply. 

Tua next meeting of the Biochemical Society will 
be held im the Department of Biochemistry, the 
University of Glasgow, during September 29-30, and 
will include a colloquium entitled ‘“The Biosynthesis 
of Nucleic Acids”. Further information can be 
obtamed from Dr. F. A. Robinson, c/o Allen and 
Hanburys Lid., Bethnal Green, London, E.2. 

Jouyr Conferences are to be held on “Analytical 
Chemistry m Nuclear Reactor Technology” and 
“Nuclear Reactor Chemistry” at the Civic Audi- 
torium, Gailmburg, Tennessee, during October 12-14. 
The Conferences are sponsored by the Analytical and 
Reactor Ch Divisions of the Oak Ridge 
National Laboratory. Further information can be 
obtained from C. D. Susano, Oak Ridge Natichal, 
Laboratory, P.O. Box Y, Oak Ridge, Tennessee. 

Tua Aero Space Medical Panel of the NATO 
Advisory Group for Aeronautical Research and 
Development (AGARD) will hold its mxteenth 
meeting in Istanbul, Turkey, during October 3-8. 
Technical on clinical aviation and space 
medicine will be presented. Further information can 
be obtained from the Advisory Group for Aero- 
nautical Research and Development, Organisation 
du Traité de l'Atlantique Nord, 64 rue de Varenne, 
Paris 7éme. 

Eensrom. In the article entitled “Blue Hanes in 
the Atmosphere” by Dr. F. W. Went, in Nature of 
August 20, p. 641, the sizes of particles mentioned are 
incorrectly given in ‘mp’; they should be ‘microns’. 
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WEATHER PROBLEMS IN AGRICULTURE 


UR papers were presented during the second 

morning (July 1) of the summer meeting of the 
Royal Meteorological Society at Queen’s College, 
Dundee 


Introducing the session before presenting the first 
peper, Dr. H. L. Penman, of Rothamsted Experim- 
ental Station, stated that two of the main objectives 
of crop-weather studies are, first, to achieve better 
growth of healthy planta, and secondly, to exercise 
control of pests and diseases the activity of which is 
dependent on weather. It is essential for the 
agricultural meteorologist to know something of the 
principles of plant-growth, though two of his problems 
can be derived from the simple equation for photo- 
synthesis of carbohydrate. need for short-wave 
radiation made.a study of solar radiation income 
imperative, both as physios and as climatology. The 
latter topio was taken up later by Mr. G. J. Day. 
The supply of carbon dioxide to the crop oan now be 
treated as a meteorological phenomenon similar to 
heat and vapour transfer (see second paper, by 
Dr. J. L. Monteith), and out of it there arises a third 
problem. The physiological state of the plant that 


permits easiest uptake of carbon dioxide also provides 
the most favourable oanditions for iration, and. 
this transfer of water from soil to atm presents 


the meteorologist with another flux problem, and with 
a problem in balanoe. To the micro-meteor- 
ologist it brings problems concerned with the source 
of water, aed the effecta that it has on the immedi- 
ate Shoal oe of the plant, that is, on the ‘weather’ 
experienced by the plant, its peste and its pathogens. 
In the hope that the information would some day 
be biologically useful, Dr. Penman and Mr. L F. Long 
have been collecting detailed physical measurements 
in various farm crope. ‘Weather in Wheat’! is a 
condensation of the results for three summers of 
temperature, humidity and wind-speed, all contin- 
uoualy recorded over and within the crop on a site on 
which many other auxiliary measurements were mado. 
Selecting a few topica, primarily of meteorological 
interest, a demonstration of variability acroes the 
site at constant height provides one of the reasons 
fer using long-period averages in the analysis of 
profiles. Hot spota and damp spots can persist for 
several hours. By plotting wind-speed against 
ture, and against vapour pressure, ab the 

our obeervation heights above the crop, straight 
lines were obtained, from whioh it was inferred that 
the aerodynamic transport constants were effectively 
equal for transfer of momentum, sensible heat and 
latent heat. Computation of the transfer of latent 
heat for the forty-eight 4-hr. periods in eight days of 
fine weather gave very good agreement with the 
measured values from a large transpiration gauge, 
continuously weighed, in phase, amplitude and in 
mean daily total. Both estimated and measured 
values showed that transpiration is a daylight 
phenomenon. Caloulations were presented for two 
periods to show how the transpiration stream was 
built up, layer by layer, between the soil surface and 
the top of the crop. It seamed that all-layers oon- 
tributed about equally (im this particular crop). 


Some time in the future it may be possible to tackle 
the oarbon dioxide problem in the same way and 
find out the vertical distribution of efficiency of 
assimilation. 

Dr. Ji: L. Monteith, also from Rothamsted, then 
summarized what he and Mr. G. Sxeicz had done in 
meesuring ‘The Carbon Dioxide Flux over a Field 
of Sugar Beet’’*, work first made possible by a grant 
from the Rockefeller Foundation and later by the 
skill of the Infra-Red Development Oo. in bulding 
an instrument capable of measurmg to 0-1 p.p.m. 
of carbon dioxide. From differences of concentration 
at two heights 25 om. apart above the crop, and 
contemporary wind data, fluxes were computed. 
For a period of a few weeks from August onward the 
flux was always downward in daylight (assimilation > 
respiration), the main changes following very closely 
behind. thoee of solar radiation intensity. The night 
flux was upward, at a fairly constant rate representing 
plant respiration and biological action in the soil. 
Net growth over the period calculated from these 
physical measurements agreed well with direct 
measures by crop sampling. Later, in Oobober, 
biological activity in the soil ap to provide 
more than enough carbon dioxide for plant 
the day-time flux was upward exoept during short 
sunny intervals around noon, and the crop was still 
growing. Though this latter behaviour raised some 
important problems in soil microbiology, Dr. Mon- 
teith confined his discussion to the meteorological 
aspects of the earlier period, giving a hint that he had 
since made progress in the interpretation of the inter- 
actions of radiation intensity, mixing parameters 
and carbon dioxide uptake, and that there was a 
possibility of a link-up between the fleld-work he 
and Szxeiox were doing, and laboratory work on single 
leaves being done elsewhere. As a purely meteor- 
ological point, he suggested that the uniform upward 
flux at night might be exploited in the study of trans- 
fer processes in very stable conditions. In discussion, 
the somewhat optimistic suggestion was made that 
this physioal technique might replace periodic 
sampling, to give a non-destructive method of messur- 
ing the rate of plant growth. 

Al there are many stations with long records 
of duration of bright sunshine (x), it is only within the 
last few years that there has been any attempt to 
measure incoming solar radiation (Q) at stations in 
Britain other than in south-east England. There 
has bean much use of an irioal equation Q/Q4a = 
a + bn/N, in which Q14 is the radiation that would 
reach the site in the absence of an atmosphere, and 
N is the maximum possible duration of sunshine. 
Under the title “Radiation Climatology”, Mr. G. J. 
Day (Meteorological Office, Eakdalamuir) first gave 
the values of a and b he has derived from monthly 
mean values of Q/day and n/day obtained at twelve 
stations having records of Q for at least three years. 
The geographical distribution of stations was very 
irregular, with large gaps in northern Sootland, 
eastern Sootland, eastern England, the Welsh 
border and slong the south coast. Mr. Day made 
reservations about the acouracy of some of the 
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radiation records, but by giving equal weight to all 
observations he found that a has a from 
0-08 to 0 19; and b varies from 0-68 to 0-95. Neither 
constant shows any systematic geographical variation. 
Having got local values of a and b from short-period 
records, he applied them to large neighbouring areas 
with long-term records of n, to derive expected mean 
monthly average values of Q. These were plotted 
together with the ding values given by 
- Black* for twenty-eight stations in the area bounded 
by lat. 50-60° N., long. 5-80° E., and isopleths of 
mean monthly radiation drawn for north-west 
Europe using the two seta of estimates. The value 
of the twelve maps lies in their detail, and this may 
be modified after a re-check of some of the basic 
data. When published, they will be a very useful 
supplement to the corresponding maps of rainfall, 
temperature and sunshine. 

During recent years there has grown a demand for 
more information about the effects of shelter on plante 
and on animals. Much of the resulting field work 
has the active co-operation of the Meteorological 
Office in Edinburgh, and in a paper entitled ‘““Wind- 
breaks—Same Physical Effects”, Dr. R. W. Gloyne 
of that Office considered some purely aerodynamic 
aspects of air flow over a barrier. Summarizing 
world experience, he listed the three distinct flow 
regions that arise: (1) the up-wind boundary layer ; 
(2) the down-wind disturbed region; and (3), 
overlying these, the undisturbed flow. The dis- 
tarbed region can be subdivided into: (2a) a space, 
immediately behind the obstacle where there may 
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be strong eddiee—it is here where it is moet difficult 
to reconcile field and wind-tunnel studies; (2b) a 
region, farther down-wind, of turbulent motion, 
approximately conforming to a logarithmio profile, 
which, with distanoe, becomes in fact the logarithmio 
profile of the original undisturbed flow. The sizes 
of the regions (aa multiples of the barrier height h) 
vary with the permeability (p) of the barrier. In 
brief (with winds of normal imoidence): for dense 
barriers (p < 40 per oent) the original profile is 
re-established at about 804, though a logarithmic 
profile may re-appear at 204, and the original mean 
direction is re-established at about 154. For open 
barriers (p > 60 per cant) the re-establishment of 
speed profiles is much as for dense barriers, but that 
of mean direction ooours much nearer the barrier, 
perhaps as olose as 244 behind a very open mesh. 
The width of the affected area depends on the length 
(L) of the barrier. When L > 204, the system behaves 
almost as a portion of an infinite barrier; a shorter 
barrier has relatively larger edge affects so that the 
affected area varios roughly as L*, approximating 
to a parabola with its vertex perhaps 14.0 down-wind. 
Dr. Gloyne concluded with a brief reminder that 
there is a pressure excess up-wind and a pressure 
deficiency down-wind of an obstacle placed in an sir 
stream, and he suggested that pressure measurements, 
similar to those made in wind tunnels, might be 
useful in wind-break studies. H. L. Pesas 


1 Penman, E L., and Long, L F., Quart. J. Roy. Mat. Soo., 96, 16 (1000), 
* Monteith, J. L., and Sselca, G., Quart, J. Roy. Met Soc., 88, 205 (1900). 
* Black, J. N., Archis, Jur Met., Geophys. wad Biok., BLO, 2 (1960). 


TUBERCULOSIS IN ANIMALS 


UBEROULOSIS in animals was the subject of 

the fourth symposium of the Zoological Society 
of London, held on May 24. Mr. J. N. Ritchie, who 
organized the meeting, presided at the evening session. 
Dr. R. E. Glover was chairman at the morning 
session, and in the afternoon Dr. J. M. Ross filled this 
position. . 

Dr. Glover explained that the subject was appro- 
priate for discussion at this particular time because 
of the progress that had been made in the eradication 
of tuberculosis from the cattle in Great Britain. 
With this advance, it was useful to review the position 
among other animals. 

The first paper was by Dr. J. T. Stamp, who dealt 
with the comparative pathology. In calves, the 
incidence of tuberculosis is low, and infection enters 
mainly by inhalation or is congenital. Hssmatogenous 
dissemination is frequent. The fact that the incidence 
of tuberculosis increases considerably with age shows 
conclusively that tuberculosis of the adult is not 
merely a slow progression of lesions acquired in 
calfhood. In the older animals, the site of the primary 
complex is predominantly pulmonary and it is very 
obvious that advanced pulmonary tuberculosis 
develope as e result of bronchial dissemination follow- 
ing cavitation of the primary lung focus. The 

. pathology of tuberculosis of the udder shows that 
there is always extensive involvement of the milk 
ducta. 

In the pig, the chief route of infection is by the 
alimentary tract, and this gives rise to an incomplete 
primary complex in the regional lymph glands. In 


bovine-type infection in this species, hematogenous 
dissemimation is oommon, but chronic pulmonary 
tuberculosis cccurs only infrequently. 

Horses have a high resistance to tuberculosis. 
Primary mfection is almost entirely by ingestion. 
Hematogenous dissemination is frequent and gives 
rise either to miliary tuberculosis or to large tumour- 
like swellings, not unlike those of sarcoma. 

The tuberculin test and the laboratory diagnosis 
of tuberculosis were discussed by I. W. Lesslie, who 
gave a brief history of the methods of preparation of 
tuberculin and the ways in which it had been used. 

The general objective of research on tubercalin 
is to obtain a preparation which will give a maximum 
response In the infected animal at all stages of 
sensitization and e ramimum in the fion, 
infected or non-specifically sensitized animal. He 
described the procedure necessary for the character- 
ization of tuberculins. 

The intradermal comparative tuberculin test has 
been developed for use in oattle. It consists in the 
injection of 0-1 ml. of avian and mammalian tuber- 
culins in selected sites in the neck. The reaction at 
each site is measured, and the test 1s interpreted on 
each animal with reference to the results recorded 
in the whole herd and having regard to the herd 
history and clinical findings. P.P.D. tuberculin is 
used (mammalian 2-5 mgm. jml., avian 0-5 mgm. jml}. 
The relative strength of the P.P.D. tuberculins 
resulted from somewhat empirical decisions based on 
the strength of the tuberculins formerly used in this 
teat. 
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A laboratory service is of great value in confirming 

field diagnosis and, `+ particularly, for typing the 
organisms concerned. Frequently, when re-infection 
in a herd of cattle is being investigated, the knowledge 
of the type of organiam involved is helpful in tracing 
the source of infection, both in animals and in 
man. 
Mr. J. D. Blaxland, in describing tuberculosis in 
poultry, said that it is no longer of great importance 
as a cause of serious loss in our flocks. This relates 
generally to the lower age of birds being kept and the 
better conditions of husbandry. Nevertheless, 
tuberculoms still accounta for & fairly high proportion 
of condemnations of poultry carcases. The disease 
affects domestic and wild birds. There is no good 
evidence that wild birds play any largb part in 
infecting domestic species, but apparently wild birds 
do acquire infection from poultry. Wild birds may, 
however, be responsible for infecting farm anmals. 

Organisms of the avian type may cause progressive 
disease in pigs, and account for about one-third of 
the reports BE D e in British pigs. Avian-type 
infection in cattle is important because it sensitizes 
the animal to tuberculin and, unless some form of 
oom ive tuberculin test is used, may lead to errors 
in diagnosis. 

Mr. I. M. Lauder, discussing tuberculosis in doge 
and cata, mentioned that the mcidence is much 
reduced. Bovine-type mfection is now rare among 
cata, but a few cases of human-type infection occur. 
Tuberculosis was found in 1-2 per cent of autopsies 
of dogs in veterinary schools in Great Britain in the 
last five years. Infection in dogs is mainly of human- 
type and a source in man has been found in 77 per 
cent of cases, usually within the household. Symp- 
toms in dogs are readily recognizable, and in these 
animals diagnosis may be made by X-ray examina- 
tion. The tuberculin test is not reliable but a teat 
using B.C.G. vacaine intradermally is of some value. 
Many of the comparatively few cases of tuberculosis 
found in dogs are ‘open’ and humans might therefore 
be infected from this source. 

In @ paper on the disease in zoo animals, Mr. Oliver 
deshan] ones emphasized that the primates are very 
susceptible, and it is common in all vertebrate species. 
All three main types of the organiam are involved. 
Many carnivores, which might be expected to acquire 
bovine tuberculosis from eating infected meat, instead 
are-found to be infected with a human strain appar- 
ently from close contact with the general public. 

Bovine infection has been recorded in monkeys, 
although one would expect the infection to be with 
the human strain entirely. 

There is considerable difficulty in diagnosis because 
thé usual signs of loes of condition leading to emacia- 
tion are not so apparent in animals in captivity. 
The use of laboratory techniques in diagnosis is 
becoming more important; but it is recognised that 
a suitable diagnostic test is needed. The only test 
available at present is the intradermal tuberculin 
test, as developed for cattle. There is some promise, 
however, from the use of B.C.G. vaccine which was 
developed by the author as a diagnostic aid in primates 
and has smoe been used in dogs. 

Treatment is, of course, possible; but it was 
streesed that eradication of the disease by destruction 
of the affected animal, and prevention of recurrence 
by strict measures of disinfection was the best 
practical course. Precautions have, of course, to be 
taken by testing incoming animals with tuberculin. 
So far as possible, this should be dons before the 
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animals leave their country of origin; but this is 
sometimes quite . impracticable. Whatever the 
practical difficulties of carrying out tuberculin testa 
and eradicating the disease from soo animals, it waa 
moet important to appreciate that in the light of the 
current successful eradication programme for tuber- 
culosis in cattle, it is most undemrable that zoological 
gardens should remain a reservoir of infection which 
might overspill into rural areas. 

Mr. R. V. Blamire, dealing with tuberculoms and 
food inspection, pointed out that although tuber- 
culoms has, in the past, been regarded by food 
Inspectors as the most important animal disease, ita 
igni has rapidly declined m recent years in 
Great Britem. More than 97 per cent of milk oon- 
sumed is now either heat-treated or comes from 
attested herds. 

The techniques of meat inspection are exacting, 
and the judgment of tuberculous carcases is often 
difficult. 

In 1957, approximately 7-3 per cent cattle, 0-1 per 
cent calves, 3-6 per cent pigs, and 0:0006 per cant 
sheep were found to be affected with tuberculosis 
when i in abattoirs in England and Wales. 
In 1950, it is estimated that the value of meat 
rejected because of tuberculosis was about £1,000,000 ; 
in 1955, although the price of meat had doubled, 
£800,000, and in 1957 it was £500,000. Boon, the 
loes should be negligible. 

The risk to public health from the consumption of 
under-cooked tuberculous meat has never been clearly 
established ; but it should not be under-estamated. 
The detection of tuberculosis by meat inspectors will 
in future have more animal health than pubhc health 
significance. Differential diagnosis will then become 
very important. 

The disease in man was dealt with by Prof. J. W. 
Crofton. 

With the greater control of malaria, tuberculosis 
has become the world’s most important public health 
problem. The World Health Organization calculates 
that 0-5-1 per cent of the entire population of the 
world is coughing up tubercle bacilli at any one time. 
Since the introduction of modern chemotherapy in 
1047, there has been a dramatic fall in mortality 
from tuberculosis, at least in the economically 
developed countries; but the fall in notifications 
has been very much slower. Human infection by 
bovine tubercle bacilli can be measured directly 
only by typing bacilli isolated from patients. Indirect 
estimates can be made by following trends of tuber- 
culosis in young children, who are likely to be infected 
from milk, or of such forms as abdominal tuberculosis 
which are likely also to be associated with milk 
infection. Figures quoted demonstrated such falls, 
greater in urban areas, where milk infection was first 
well controlled, than in rural areas, and much greater 
than the falls in respiratory tuberculosis. 

The control of infection with human bacilli depends 
on efficient case-finding, mainly by mass miniature 
radiography, on efficient treatment to render patienta 
permanently non-infectious, on efficient prophylactic 
vaccination with B.C.G. and on the general improve- 
ment in environmental conditions. Figures for 
Edinburgh were quoted to show the dramatic effect 
relatively thorough re-organization and good team- 
work can have not only on the mortality but also 
on the morbidity of tuberculosis. It is suggested that, 
with sufficient energy and enthusiasm, the elimination 
of tuberculosis could be proceeding much more rapidly 
than it is in most areas at the present time. 
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Mr. W. D. Macrae traced the stary of the eradication 
of tuberculosis from cattle from its beginning with the 
introduction of the Tuberculosis Attested Herds 
Schemes m 1935. It proved relatively easy to reduce 
an incidence of 20 per cent to 0-3 per cent ; but there 
is real difficulty ın reducmg this figure any further 
for various reasons, such as re-infection fram other 
animal sources, inclndmg man; loss of tuberculin 
reactivity at certain stages of the disease; and 
residual infection on farms, particularly in old, 

The overall current incidence of infection is 0-16 
per cent of the animals tested but in some areas it is 
now as low a8 0-05 per cent. Whether it will ever be 
reduced beyond this figure is a matter for conjecture. 

Among the reactors disclosed, some 70 per cent 
show evidence of disease at postmortem examination 
in abattoirs. This figure of confirmation was higher 
at one stage but has fallen somewhat as a result of 
difficulties in carrying out adequate postmortem 
examinations and the apparent increase m the number 
of reactors showing no visible legions. 

In the course of dealing with bovine tuberculosis, 
the incidence in pigs of the bovine type infection has 
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been markedly reduced and may well disappear in 
A great deal of effort 1s still required to maintain 
the disease under strict control. There must be regular 
organized tuberculin testing at appropriate intervals 
and tracing of anmals which have been in contact 
with infection, so that the herds to which they have 
moved may be tested. Every source of mformation 
of the presence of tuberculosis in cattle must be used, 
including absttoira and knackeries. 

Tuberculosis in cattle, although not eradicated in a 
literal sense, is at least under satisfactory control, 
and there is every promise that it will be mamtained 
at an extremely low meidence in future. Coin- 
cidentally, the amount of infection among other 
animals has been reduced in parallel, but certam 
precautions are still necessary to prevent re-infection 
of herds of cattle. Man may remain oe source of 
infection, and while bovine-type tuberculosis in man 
is probably not sufficiently common among people 
who are in close contact with animals to make this a 
serious hazard, it has to be appreciated that as the 
interval between testa of herds is extended any 
source of re-infection 1s very important. 


THE BRITISH GELATINE AND GLUE RESEARCH ASSOCIATION 


HE nineteenth meeting of the Research Panel 

of the British Gelatine and Glue Research 
Association was held on May 19, with the chairman 
of the Assocustion, Mr. 8. G. Hudson (Richard Hodg- 
son and Sons, Ltd.), in the chair. 

Dr. G. R. Tristram ent of Physiology and 
Biochemistry, University of St. Andrews) presented 
“A Preliminary Study of the Thermal Conversion 
of Acid-soluble Calf-akin Collagen into Gelatin”. 
The collagen was obtained by extraction of calf-skin 
with cold aqueous acetic acid. The release of end- 
groups on heating with water at pH 6 was investi- 
gated, using Sanger’s method. Changes in optical 
rotation and viscosity caused by heating at pH 3-3 
in 0:1 M aqueous acetic acid solution were recorded. 
At pH 6, most of the collagen dissolved after 1 hr. at 
50° O. and al of it after 1 hr. at 60° O. Solubilization 
was scoompanied by a large increase in c-amino 
groups reactive towards Sanger’s reagent and by the 
appearance of terminal amimo-groupe of a simular 
pattern to those found in eucollagen by Courts’. 
End-groups were also estimated after keeping the 
collagen in strong aqueous urea at 15° C. so as to 
obtain a comparison with the effect of heating in 
water. On heating at pH 3-3 the optical rotation and 

i ity rose to a maximum at about 28° C. and then 
fell. Dr. Tristram drew some tentative conclusions 
about the unmasking of N-terminal residues during 
the treatanenta applied and discussed the question 
of there bemg one or more chains in the collagen 
structure. 

The second paper, ‘“The Swelling of Gelatine Filme”, 
by Miss E. M. Simms and Mr. J. N. Blake (Richard 
Hodgson and Sons, Ltd.), was presented by Mr. Blake. 
A variety of gelatine gels and sols were dried on 6 
solid supporting base at various temperatures in the 
range 580°C. The resultant thin films were detached 
and allowed to swell freely in water at 10° C.; 
previous workers in this field have studied attached 


films. The weights and dimensions of the swollen 
films were measured. By far the most important 
fastor controllmg swelling was the temperature at 
which the films were dried; for example, a 210g. 
Bloom acid-procees pigskin gelatine film, imbibed 
twenty-three times its weight of water if dried at 
5-10° O. but only six times if dried at 30-35° O. 
The imbibition was largely evidenced by an increase 
in thickness rather than m linear dimensions, whereas 
films dried from the sol state exhibited the opposite 
behaviour. Swelling in water at 20° C. was consider- 
ably greater than at 10° C. and swelling was more 
pronounced m films dried from weak (5 per cent) 
solution than from strong (20 per cent) solution. 
Films dried unrestrained on liquid surfaces from both 
sols and gels exhibited subsequent swelling of the sol 
form type. The extensive results were discussed in 
terms of the molecular orientation of the systema 
during drying. . 

Mr. A. M. Kragh (British Gelatine and Glue Re- 
search Association) gave the fimal paper, entitled 
“The Flocculation of Suspensions with Gelatine”. 
Gelatines and animal glues have a flocoulating action 
on a wide variety of suspended solids of which qufarts 
has been most studied, and this property has been 
evaluated in comparison with that of other flocculat- 
ing agenta both polyiomic (for example, synthetic 
polyamides) and non-ionic (for example, dextran). 
Gelatine flooculates best where almost all of it is 
adsorbed on to the particle surfacea and where the 
amount so adsorbed xs about one-third of the 
maximum adsorbable. It is exceptional among 
flocculating agenta in its ability to be strongly 
adsorbed on a wide range of different surfaces and 
in that ita flocoulating action is strongly dependent 
on pH. The lively discussion centred around the 
mechanism by which floccnlation is induced in these 
systems. 

Courts, À., Biochem. J., 74, 238 (1960). 
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DOMESTIC HEATING AND THERMAL INSULATION 


IGEST 188 of the Building Research Station, 
D entitled ‘“Domeetio Heating and Thermal Insula- 
tion” (Pp. 7. London: H.M. Stationery Office, 1960. 
4d.), brings together the essentials needed to guide 
the choice of the standard and methods of heating 
from among the many systems that are available. 
In choosing a domestic heating system the decisive 
questions are: What standard of heating is required ? 
How much will it cost to run? Convenience in 
operation and the form of heat distribution preferred 
are also important. 

Broadly, the systems of domestic heating can be 
divided into three main categories: (1) Full house 
warming. (2) Partial heating, that is, the full heating 
of two or three rooms from a central heat-source, 
with the remamder of the house heated as required 
p gae or blotarn Ana or the background warming 
of the whole house to a uniform temperature lower 
then that obtained by category (1) together with 
‘topping up’ in individual rooms as required. (8) 
Heating limited to individual appliances in one or 
two of the maim living rooms. 

The main differences m the three standards of 
heating are in the scope of the heatmg service. In the 
full house-warming systems and background heating 
systems, for example, comfort is enhanced by the 
fact that the house is uniformly warm ; such systems 
are essential for the open-house plan. By contrast, 
systems using separate appliances, for example, open 
fires, in & limited number of rooms give a lese- 
uniform standard of comfort. 

The standards dovered by these three categories 
can be characterized broadly in terms of difference 
between the average outdoor temperature over the 
whole heating season and the average indoor tem- 
peratures they provide. 

Assuming an average seasonal outdoor temperature 
of 48° F., a temperature difference of 18° F., averaged 
over 24 hr., can be taken as representative of full 
house warming, 18° F. for partial central heating 
systems and 11° F. or less for the third category. 


The smaller temperature difference between the 
medium and low standards of heating may be ~ 
explained by the fact that even in dwellings where the 
bedrooms are unheated some stray heat is received 
from the heated part of the house. These average 
temperature differences can help in estimating 
seasonal fuel requirements and, therefore, running 
costs. They are not, however, appropriate for estimat- 
ing maximum heet demands and hence the sizes of the 
heating plant; these have to be calculated from a 
and outdoors. 

For a fair comparison of capital costa of various 
domestic heating systems, account should be taken of 
any building costs incidental to the heating installa- 
tion, such as those of brick flues and fuel stores, or, 
conversely, the saving effected if these items are not 
required. For example, in a system comprising one 
open fire with back boiler, electric immersion heater 
for summer use and two electrio fires, the oost of a 
chimney breast and flue and a fuel store for the open 
fire is about 25 per cent of the total oost of the 
installations. Broadly, the capital ooste of the three 
categories of heating are in the same order as the 
standard of heating attained, but there may be some 
overlapping. 

The seasonal heat loss for a particular dwelling will 
depend to some extent on the overall floor area, on 
the grade of insulation, the standard of heating, 
the ventilation-rate and the length of the heating 
season. 

To estimate the seasonal fuel requirements the 
seasonal loss of heat should be divided by the calorific 
value of the fuel multiplied by the ‘house efficiency’ 
of the heating system. 

Other points affecting the choice of a heating 
system are convenience in operation and the form of 
heat distribution. The size and number of heating 
appliances required for a particular heat service 
Sy oe eae Aa anes 
cold spell. 


POPULATION TRENDS AMONG HAWKS AND OWLS IN ILLINOIS 


T\ATA on hawks and owls in Ilinois, as reported 

in the Christmas countas sponsored by the 

National Audubon Society and i.s parent organiza- 

tions, have been by Richard R. Graber and 

Jack 8. Golden to determine ion trends for 

the yeara 1903-55 (Biological Notes, No. 41. Dept. 
ion and Education, State of Minois). 

Even though most of northern and central Ilinois 
offered a fairly uniform habitat of cultivated farm 
land with relatively little forest, the distribution of 
raptors was not uniform, and raptor ulations 
varied oonsiderably even within relatively small 
areas. i concentration of raptors was in the 
southern part of the State. Through the years a 
given locality, in relation to other localities, has 
tended to show a consistent rank with regard to the 
density of its raptor populations. 

Analysis of frequency of occurrence for all species 
of raptors in the period 1908-55 was based on 527 


censusee—103 in southern, 123 in central, and 801 in 
northern Illmois. This analysis shows the expected 
higher frequency of prairie-inhabiting species of 
raptors in central and northern Ulinois and of wood- 
land species in southern Illinois. Regardless of 
habitat, certain species, such as the sparrow hawk 
and the marah hawk, were seen with increasing 
frequency from north to south, as though responsive 
to a temperature cline. 

The combined data for all raptor ies show that 
there has been a marked and consistent decline in 
winter raptor populations during the period 1903-55. 
Peaks representing years of high populations are 
lower In later years. Trends in raptor populations 
were deduced from birds per observer-hour, birds per 
party-hour, and birds per mile. 

The records of individual ies show that the 
rough-legged hawk has suff the severest decline 
in numbers ; the red-tailed hawk, the sparrow hawk 
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and the barred owl also decreased. Marsh hawk and 
the red-shouldered hawk populations have not 
changed appreciably. The bald eagle has been 
increasing in numbers since the early 1940s; but 
this 1s the only species for which a notable increase 
was shown. The records for many species are too 
incomplete to evaluate. 

Because the decline in raptor populations 1s shown 
particularly among the leas-wary species and those 
species that are most hkely to be encountered by 
man, it is suggested that man may be directly 
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responsible for the decline. This view is corroborated 
by the fact that many raptor band returns are from 
birds that were trapped or shot and also by the 
indication that a notably lethargic species, the 
rough-legged hawk, has suffered the severest de- 
cline. 

The species of raptors, namely, Buteo spp., Circus 
spp. and Falco sparvertua, which have been protected 
by law since 1919, were seen at least seven times as 
frequently as the previously unprotected accipiters 
and the great horned owl. 


SINGAPORE BOTANIC GARDENS 


SPECIAL issue of the Gardens’ Bullen (17, 

Pt. 2; 1959. 12.50 dollars. Obtaimable from the 
Botanic Gardens, Singapore) has bean issued to com- 
memorate the hundredth anniversary of the foundmg 
of these well-known gardens. In fact, a botanio 
garden was establiahed in Singapore soon after its 
founding in 1819 by Sir Stamford Raffles, nutmegs, 
cloves and cocoa being among the early mtroductions. 
This garden was closed after some years in a retrench- 
ment of expenditure, but new gardens, the present 
ones, were established on a new 60-acre mte towards 
the end of 1859 (see also Nature, 184, 1602; 1959). 
Since then the gardens have been extended and 
amplified and for many years have been recognized 
as being among the most important tropical institu- 
tions of this kind, the more so as they are set in a 
region of very considerable agricultural mportance 
and quite exceptional floristic mtereat. Virtually 
from the outset, the staff have paid attention to the 
needs of practical agriculture and horticulture as 
well as to systematic and other aspecta of scientific 
botany usually associated with botanic gardens. This 
was exemplified in a remarkable degree by the work 
of Dr. H. N. Ridley, director of the Gardens during 
1888-1912, who has not only been rightly named 
“the father of Malaya's rubber industry” but was 
also responsible, as an indefatigable field botamst, 
for vast accessions of new plants to the gardens and 
ita herbarium. After hia retirement, he produced his 


five-volume work on the “Flora of the Malay Penin- 
gula” (1922-25). 

As several distinguished botanista have worked on 
the staff of the Singapore Botanic Gardens over the 
years, the output of work, often on plants of unusual 
scientific interest, has been both extensive and 
impressive. In the present commemorative volume 
(pp. 125-340) the reader will find much that is 
pertinent, formative and interesting. J. W. Purse- 
glove has contributed a paper on the history, funo- 
tions and contemporary work of the gardena; T. A. 
Russell has described the relationships between them 
and the Royal Botanic Gardens, Kew; while H. J. 
Lam has written of Singapore and Leyden. Other 
authors deal with the contribution which work in the 
gardens has made to agriculture ın the Malaysian 
region, and there are several papers of both 
general and special interest by well-known botan- 
ists; for example, R. E. Holttum has written on 
lus work on orchids, gmgera and bamboos carried 
out in the gardens, and E. J. H. Corner has 
discussed the importance of the taxonomy of 
tropical plants in contemporary botany; and so 
on. 
Per the best way of indicating briefly the 
value of the present volume ıs simply to say that, 
for the general botanical reader, it affords an un- 
usually interesting introduction to the many faceta 
and fascinations of tropical botany. 


ROAD ACCIDENTS DURING CHRISTMAS 1959 


WO factors stand out in the Road Research 
Laboratory report of the investigation of the 
150 fatal road accidents in England and Wales durmg 


the Christmas period (December 24—27, 1959)—the bad | 


weather conditions and the unusually high proportion 
of people involved in the accidents who had taken 
alcohol (Road Research Technical Paper. No. 49. 
Pp. iv+20. Published for the Department of Boien- 
tific and Industrial Research by H.M. Stationery 
Office, 1960. Is. Od. net). 

The investigation was carried out at the request 
of the Minister of Transport and shows that the 
number óf fataltiea per mile travelled by motor- 
vehicles was high on each of the four days of the 
Christmas period when compared with the other 
days in December or with the year as a whole. 

The factors usually associated with road accidents 
(such as vehicle defects, croas-roads, and skidding 
on wet roads) were present in the normal pro- 
portion. 


The weather conditions were bad. Roads were 


‘dry for only 10 per cent of the accidents ; in 73 per 


cent it was dark and wet; in 12 per oent it was 

daylight and wet; and in 5 per cent it was 10y. The 

report states: “this weather would be to’ 
result ın increased accident frequency but not to the 

extent that occurred”. 

In at least 56 per cent of the accidents one or more 
of the people involved had taken alcohol not long 
before the accident. The correspondmg figure in a 
normal period 13 18 per cent. The report concludes : 
“the bad weather of the Christmas period made 
travelling conditions difficult. The fact that many of 
the people involved in the accidents had been drinking 
beverages containing alcohol would be expected—m 
the light of previous researoh—to have made many of 
them leas able than usual to deal adequately with the 
difficult conditions. Although other factora may have 
been involved, the combination ofthese two alonemight 
account for the high accident-rate over the period”. 
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UPPER- ATMOSPHERE WIND STUDIES BY SKYLARK ROCKET 
SODIUM EXPERIMENT ` 


By Dr. G. V. GROVES 
Physics Department, University College, London 


the sodium t, sodium vapour is ejected 
from a high-altatude rocket along ita flight path. 
If the experiment is performed at twilight, when the 
sky has darkened yet the trail itself is stall in sun- 
light, the trail glows conspicuously yellow by re- 
radiating the D-line emission from the Sun. This 
experiment, originally proposed by Prof. D. R. Bates, 
was first performed in 1955 at White Sands, and is 
now being carried out with the Skylark rocket at the 
Woomera Rocket Range. 

The first Skylark experiment was carried out on 
December 3, 1958, the rocket being fired within 
2 mm. of a time, when the Sun was ata 
depression of 6° below the horizon. The sodium trail 
was laid continuously from 67 km. altitude over the 
trajectory vertex at 126 km., and down to a height 
of 93 km. Photocells on the rocket recorded sunlight 
from 60 km. altitude on the upward path to 69 km. 
on the downward path. 


Height (k) 





Fig. 1. Bast-to-weet displacement of sodium trail. È 11. 

Woomera, "oath Suen ale December 3, 1958, 19.43 hr, Numbers 

am Tookes pam eT grve tmo m Sodiam tran at 
1) + 270 sec., D 850 wee 3) F 90 seo. 








Fog. 3. d, Exposures of sodium trail made at 2, 34, dł and 
53 min. after launchmg 


Photography of the trail was undertaken by twelve 
cameras of either moving-film or fixed-plate design, 
distributed between three roughly symmetrically 
placed observation poets. All cameras carried orange 
filters and were orientated in slightly different direc- 
taons to increase sky coverage. Exposures were of 5-sec. 
duration, synchronized to within 4 sec., and were 
made at intervals of either 1 or 5 min. The trail was 
bright enough to be recorded photographically for 
about 10 min., and persisted visually for about 
20 min. 

The series of photographs reproduced here were 
taken at l-min. intervals from + 24 to + 5f mm. 
from the time of launch, and the rocket is still in 
the field of view of the first three. The width of the 
sodium trail reaches a maximum near the vertex of 
the trajectory on account of the slower speed of the 
rocket and the lower ambient air density into which 
the vapour expands. The short waviness of the trail 
near the vertex is thought to arise from the rotation 
of the rocket as the wave-length corresponds closely 
to the measured spin. The main distortions of the 
trail arise from the wind structure, as the sodium 
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atoms very quickly pick up the mean motion of the 
atmosphere at these heights. 

The method of triangulating the trail depends on 
identifying corresponding features on various photo- 
graphs taken from differant camera poste. The 
identified points are then measured up in a plate- 
measuring machine, together with a number of ster 
Images as reference points. The processing of the 
data was carried out at the Admiralty Research 
Laboratory, Teddington, using the Pegasus oam- 
puter. The accuracy of the triangulation depended 
on the width of the trail and on the presence of 
readily identiflable features. The width of the trail 
increased from about 1 km. at the lower heights to 
3 km. at the vertex, and the standard deviation in 
the triangulation was usually leas than half the 
width of the trail. 

oe 1 shows the rocket trajectory and the sodium 

i eeke on the east-west vertical plane. The 

ote trail is plotted at + 44, + 54 and + 64 min. 

Fig. 2 shows the corresponding results for the south— 

north direction. The rocket trajectory was obtamed 

optically using contraves, the data being supplied 
by W.R.E., Salisbury. 

Figs. 1 and 2 show several interesting features. 
Small-scale turbulence appears to be present to a 
height of 102 km., while above this level, the tral 
remained unbroken. At the lower heights the trail 
broke up increasingly rapidly, and at 94 km. had 
disappeared within 2 min. Fig. 3a shows this part 
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of the trail at about 1 mm. after formation. From 
94 to 102 km. the trail took some 8 min. to break up. 

Below 107 km., the air motion is horizontal, and 
portions of the trail on both the upward and down- 
ward legs of the flight path are correspondingly 
displaced. The variation of wind speed with height 
is shown in Figs. 1 and 2 from 98 to 107 km. Above 
107 km., the air appears to be moving in large cells 
with vertical motions of 50 and more m./seo. The 
cell size is difficult to estimate on the evidence of a 
single firing, as the trajectory intersects only a small 
part of the wind structure. The horizontal extent 
eee ee 1 and 2 to amount to several tens 

Acknowledgments are gratefully made to the Royal 
Aircraft Mstablishment for provision of the rocket 
and i ita firing (perticularly Dr. E. B. 
Dorling); to the Weapons Research Establishment, 
Aae ee ee ee 
the cameras ly Mr. Moran and Mr. 
J. 8. Colville) ; Or Ghee aa Dr J. 
Mazur, The Queen’s University, Belfast, who prepared 
the first trial burners and carried out tests on them ; 
and to the Mathematics Department, Admiralty 
Research Laboratory, Teddington (Mias M. Thorpe, 
Mrs. L. Blake) for triangulation computations on the 
sodium trail. 

This work formed part of the programme of the 
Britiah National Committee for the International 
Geophysical Year. 


FATE OF TRANSFORMING DEOXYRIBONUCLEATE FOLLOWING 
FIXATION BY TRANSFORMABLE BACTERIA 


I 


By Dr. MAURICE S. FOX and Dr. ROLLIN 
D. HOTCHKISS 


The Rockefeller Institute, New York 


N analysis of the kinetics of the reaction between 
transforming deoxyribonucleate and transform- 

able pneumococci has shown first a reversible adsorp- 
tion of the deoxyribonucleate by the bacteria, 
followed by an irreversible fixation of the deoxyribo- 
nucleate!, Fixed deoxyribonuocleate is defined as that 
which cannot be removed either by exhaustive 
washing or treatment with deoxyribonuclease. The 
quantity of such deoxyribonucleate fixed by the 
transformed population of bacteria is proportional 
to the number of bacteria transformed; and the 
efficiency with which such fixed deoxyribonucleate 
may yield a transformed bacterium is very high*“. 
For preparations of the most active deaxyribo- 
nucleates lees than two and perhaps one bacterial 
equivalent of donor deoxyribonucleate fixed by the 
recipient population yields 4 bacterium transformed 
with respect to a particular genetic property observed. 
The ta to be described represent an 
attempt to examme the growth of the tranaforming 
deoxyribonucleate fpllowmg its fixation by trans- 
formable bacteria. Transforming deoxyribonucleate 
carrying both a biological label and a phosphorus-32 
label has been introduced into transformable bacteria. 
After various times of incubation following the 


fixation of the labelled deoxyribonucleate, the total 
bacterial deoxyribonucleate from aliquots of the 
tranaformed population is isolated. Thia newly 
isolated deoxyribonucleate is used to transform a 
second bacterial population and the ratio of its 
biological activity to the amount of phosphorus-33 
fixed by this new population is determined. An 
increase in the absolute quantity of the deoxyribo- 
nucleate capable of conferring the chosen property, 
as & consequence of synthesis of new deoxyribo- 
nucleate by the original transformed bacteria, results 
in a dilution of the phosphorus-32 label and therefore 
an increase in this ratio. 

Transformable bacteria sensitive to streptomycin 
are incubated for 15-40 min. at 30° with the deo 
nucleate labelled with phosphorus-32 isolated from 
bacteria resistant to streptomycin. Pancreatic deoxy- 
ribonuclease (20 ygm./ml.) 13 added and the mixture 
transferred to 87° C. The first sample is removed 
after 5 min., placed in an ice-bath, and further 
samples are removed at various times as the culture 
grows. An aliquot is removed to measure the quantity 
of phosphorus-32 incorporated and the oulture is 
assayed after 2-hr. moubation for the total number 
of cells transformed, in this case from streptomyoin- 
sensitivity to streptomyocin-resistance. 

After sampling for a bacterial count (viable and 
Petroffi-Hausser), the iced aliquota are filtered, 
thoroughly washed and re- in 0-15 M 
sodium chloride, containing 0-05 M sodium citrate 
and 4 mgm./ml bovine serum albumin fraction V. 
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ocells are lysed with sodium deoxy- 
cholate at 37° O. (5 min.), precipitated with 1-3 vol 
of aloohol, centrifuged, and the crude deoxyribo- 
mucleate pellet dissolved in saline buffered with 
0:01 M phosphate pH 7-8. Such solutions are used 
for transformation of a new culture of streptamycin- 
sensitive bacteria, measuring number of oells trans- 
formed and quantity of phoephorus-38 fixed. 

The activity of this re-isolated deoxyribonucleate, 
when measured in terms of the yield of transformants 
per unit of phosphorus-32 fixed, is not changed 
significantly by passage the bacteria if the 
deoxyribonucleate is re-iso. 5 min. after fixation 
(Table 1). In Table 1 are indicated the values of 
these activities before and after passage through 
transformable bacteria for a number of deoxyribo- 
nucleate preparations labelled with p horus-82 
of various specific radioactivities. For xyribo- 
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nucleate re-isolated after longer inoubetion and growth 
of the transformed bacteria, this activity increases as 
a fonction of time (Fig. 1). Also shown in Fig. l are 
the counts made im a Petroff-Hauseer chamber of 
the number of bacteria per ml. The similarity of 
these two ourves suggests that the transforming 
deoxyribonucleate, or material resembling the trans- 
forming deoxyribonucleate, increases at the same 
rate as do the bacteria in the total culture. 

These data are insufficient to indicate whether or 
not it is possible to i these two curves. 
In order to determine more precisely the relationship 
between these two growth-curves, the biological 
activity of the newly fixed deoxyribonucleate was 
directly with the biological activity of 
deoxyribon resident in the recipient bacteria. 

In a manner similar to that described above, 
transformable bacteria sensitive to streptomyom and 
resistant to p-nitrobenzoio acid (that is, ‘wild type’, 
see ref. 5) were exposed to deoxyribonucleate isolated 
from bacteria resistant to streptomycin and sensitive 
to p-nitrobenzoic acid. Thus, the deoxyribonucleate 
responsible for streptomycin-reaistance was introduced 

into bacteria carrying resident deoxyribonucleate 
eraikan iy for resistance to p-nitrobensoic acid. The 
process of deoxyribonucleate fixation was terminated 
after 15 min. at 80° O. by the addition of deoxyribo- 
nuclease. The transformed population was trans- 
ferred to 87° C., 5 min. allowed for action of deoxy- 
ribonuclease, and samples, were removed at various 
times thereafter. Deoxyribanuoleate was isolated from 
the bacteria in these samples and the relative bio- 
logical activities of the incoming versus the resident 
deoxyribonucleate were measured. This ratio shown 
in Table 2 is established at the earliest time of 
oheervation, 5 min. after the termination of exposure 
to deoxyribonucleate, and does not change with the 
growth of the transformed culture. In addition, the 
ratio assumes & value approximately equal to the 
absolute frequency of transformants observed in the 
first transformation. 


Aorivrry oF NEWLY IFTRODUOND 
PROYERTY FOLLOWING GROWTH 











to| turbidity of trans- Railo of blologteal 
Prelit te A 
cells in transformed time of DNA introduced DITA 
culture residenti DNA J 
7 (1-0) 52x 10* 
146 6-7 x 10> 
2% 6-4 x 10-* 
3-1 6-1 x 10% 
3-5 6-4 x 10° 
46 60x 10° 
6-1 65 x 10> 
25 0 6:5 x107 
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These observations give further evidence of the 
high efficiency with which fixed transforming deoxy- 
ribonucleate may give rise to transformed bacteria. 
It would appear that transforming deoxyribanucleate 
re-isolated a short time after fhration has suffered 
neither physical nor biological dilution, though it is 
admixed with deoxyribonucleate of the transformable 
host bacteria. Furthermore, it has been shown that 
pads Sars growth which follows the fixation of the 

rming deoxyribonucleate, this deoxyribo- 
nucleate increases at precisely the same rate as does 
the resident deoxyribonacleate of the transformed 
bacteria. This tion is already established. 
at the earliest times that have been examined in 


these experiments. 
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By Dr. MAURICE S. FOX 


AN examination of re-isolated deoxyribonucleate 
from tranaformed populations of pneumococci, fol- 
lowing moderately long to transformi 
deoxynbonucleate, has indicated that the new deoxy- 
ribonucleate is fully i with the resident 
deoxyribonucleate of the transformed bacteria from 
the earliest times that had bean obeerved. In addition, 
it has been shown that passage of transforming 
deoxyribonucleate through transformable bacteria 
does not appreciably alter its biological activity 
(previous communication). 

Further in igation of such re-isolated deoxy- 
ribonucleate immediately following short exposures 
to the tranaforming deoxyribonucleate has demon- 
trated an imtermediate state of the transformi 
deoxyribonucleate between ita fixation by the 
bacteria and that state in which the production of 
transformmg deoxyribonucleate is fully synchronized 
with that of the resident deoxyribonucleate of the 
transformed population. The deoxyribonucloate in 
this intermediate state is biologically inactive im trans- 
ferrmg in a second transformation the property which 
it carries. In addition, m line with the segregation 
investigation being carried out in this laboratory 
by Hotchkiss, it has been possible to examine the 
appearance of genetic lnkage occurring as the result 
of an interaction between entities present in the 
donor deoxyribonucleate and those present in the 
recipient bacteria, following fixation of such deoxy- 
ribonucleate. 

The genetio properties that were studied are 
streptomycin reastance 4, two readily distinguish- 
able levels of sulphonamide resistance, a (fully 
resistant to 10 pgm. sulphonamide/ml.), and d 
(resistant to 40 ugm. sulphonamide/ml.), and the 
combined property, ad (resistant to 200 ugm. sul- 
phonamide/ml].). Conditions for selection and quan- 
titative measurement of transformed bacteria carrying 
these pro es have been described’. The properties 
a and d have been shown to be olosely linked’. 
Deoxyribonucleate isolated from bacteria carrying 
both properties yields on transformation, under the 
cénditions used, about as many tranaformed cells 
el only ty propertie Gap maa eee cany ing she 
combined. 

The goael Troodon Dioni h dailia Wat 
described in the previous communication. After a 
high-density suspension of transformable bacteria is 
exposed to deaxyribonucleate for a given time at 
30° 0O., a high concentration of deoxyribonuclease 
(20 pgm./ml. Worthington, pancreatic) is added to 
stop any further fixation, and samples are chilled at 
0° O. after various incubation times. 

After th washing, deoxyribonucleate is 
re-isolated from the bacteria. More than 50 per cent 
of the newly introduced deoxyribonucleate phog- 
phorus-82 is recovered. Its biological activity is 
determmed by using this deoxyribonucleate to 
transform a new strain of pneumococcus with respect 
to one of the properties carried by the orginal donor 
deoxyribonusleate and one or more of the properties 
resident im the recipient bacteria used in the first 
transformation. 

It has been shown in the previous communication 
that after moderately long exposure to deoxyribo- 
nucleate, the ratio of these two activities (newly 
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introduced deoxyribonucleate)/(resident deoxyribo- 
nucleate), azeumes a value equal to the frequency of 
transformants in the first transformation, and that 
this ratio remains constant during the further growth 
of the transformed population. 

It is now found that after very short exposure 
times to deoxyribonucleate and unmediate re-irola- 
tion, this ratio is only a very small fraction of the 
ultimate ratio observed after longer incubation. 
This ratio raes and becomes a larger and larger 
fraction of the ultimate ratio with in exposure 
times to deoxyribonucleate (Table 3). Thus, the 
fractional recovery of the newly introduced deoxy- 
ribonucleate increases with increasing exposure tunes 
in the first transformation. 


Table 3. ReOOVERY OF NEWLY INTRODUCED DNA AFTER VARIOUS 
Hxrosurs Tras TO DEOXYRInOWUCLEATR (DNA) at 30° 


























The time course of the recovery of the biological 
activity of the newly fixed deoxymbonucleate has 
been examined. After very short exposure (5 min.) 
to the transforming deoxyribonucleate, and re- 
wolation of deoxyribonucleate from samples of the 
transformed population that have been allowed 
incressing incubation times, measurement of the 
biological activity of such preparations of deoxy- 
ribonucleate shows in fractional recoveries of 
the newly introduced deoxyribonucleate. The ratio 
of the biological activity of the newly introduced 
deoxyribonucleate to that of the resident material 
rises to a constant value determined by the frequency 
of transformants obtained as a consequence of the 
original 5-min. exposure to the deoxyribonucleate 
(Fig. 2). This level is identical with that obeerved 
after long exposures to deoxyribonuoleate (previous 
communication). 

The rates of recovery of the lost biological activity 
are the same when the newly introduced deoxyribo- 
nucleate comes from an organism carrying the 
properties S, d or ad. In addition, the rates show a 
dependence on temperature such that at 80° the haltf-, 
time for recovery 18 about twice as long as at 37°. 

Making use of the possibility of building up the 
linkage group ad* from ite component parte, a trarfs- 
formable strain of pneumococcus the 
properties S and a has been transformed with deoxy- 
ribonucleate isolated from a strain carrying the 
property d. The biological activity of the re-isolated 
deoxyribonucleate is then tested on bacteria carrying 
nane of these properties. The recovery of deoxyribo- 
nuoleate carrying the newly introduced d property 
follows the time course already described. It 19 aleo 
possible to observe the appearance of a new biological 
entity that 1s capable of introducing simultaneously 
both properties a and d. The appearance of this new 
entity, a product of the interaction between the newly 
introduced and the resident deoxyribonucleatea, 
follows a time course roughly similar, with a half-time 
about twice as long as that observed for the recovery 


No 4742 


DNA 2 
S g 3 


8 


Fractional recovery of Ree ay oi newly Mmirodised 
x1 
2 





5 10 15 20 120 
Tıme (min ) 
Fig. 2. Fractional recovery In re-feclated naleate of 
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of the d marker that has been introduced (Fig. 3). 
Thus, the biologioal activity of the newly introduced 
deoxyribonucleate recovers with a half-time of about 
3—4 min. and the linking of this new deoxyribo- 
nucleate with that present in the genome of the 
recipient cell occurs with a half-time of about 6 min. 
at 37° O. 

The fractional recoveries shown in Figs. 2 and 3 
are measured as the ratio of the biological activity of 
the newly introduced deoxyribonucleate to that of 
the resident deoxyribonucleate. They are expressed 
relative to the ultimate ratio obeerved for deoxy- 
ribonucleate isolated after 2-hr. incubation at 37° C. of 
a dilution of the transformed culture. This incubation 
ia sufficient to allow about a ten-fold increase in the 
number of bacteria. The ultimate ratio agrees within 
experimental error with the absolute frequency of 
bacteria transformed for a single property. For the 
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Fig. 3. Fraotdonal appearance, in re-tsalated decxyribonnoleate, 
of biological manifesting between the newly 
fntzodaded and resident poe A 6min. exposure 
nuclease and te is re-imolated from bacteria 
allowed tho ted additional inowbe tion time 
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cases in which the linkage group ad is observed, the 
ultimate ratio assumes a value equal to one-half the 
frequency of ad transformanta in the first trans- 
formation. This factor of two difference between the 
frequency of transformanta and the recoverability of 
the linkage group 18 to be expected since deoxyribo- 
nucleate carrying the ad property regularly gives 
equal numbers of d and ad transformants. 

‘Thus, there exist at least two processes that trans- 
forming deoxyribonucleate may undergo following 
ite fixation by bacteria. One has as its consequence 
the recovery of the biological activity in re-isolated 
deoxyribagjuoleate and the second resulis in the 
specific coupling of this newly introduced deoxyribo- 
nucleate with that resident in the recipient bacteria. 
The difference between those two may be 
further examined by a consideration of the relative 
transforming activities of a given deoxyribonucleate 
re-isolate with regard to the newly introduced 
property and the linked property. 

Since deoxyribonucleate from bacteria carrying the 
Imkage group ad yields on transformation about 
twice as many transformants bearing d (moluding 
ad) as ad, deoxyribonucleate isolated from a trans- 
formed population in which about a half of the 
transformed cels are d only and half are ad would 
be expected to yield four times as many d (including 
ad) as ad transformants. When deoxyribonucleate is 
re-isolated from a transformed population in which 
deoxyribonuoleate from bacteria carrying the linkage 
group ad is introduced into sulphonamide-sensitive 
bacteria, the ratio: 


yield of d, including ad, 
yield of ad 


(d/ad) assumes a value of close to four from very 
early times (Table 4). 


Table 4. BEELATIYRE Aomivrry oy 4 Soranm Proranry, Newry 
LEKAD PERTIES 


INTRODUOND, OOMPARNED WITH A Pam or PRo 

(a) Bora Aps or THe Lommace Group, (6) Own Mune oF 

THE Laorkacs Grour, NEWLY Lwreopvomp, AND Own hinos. 
ENT IX THE RECPUWT BACTMRIA 


As) DNA from strain ad into suiphonamide-sensitive stran 
Time at 30° before 
re-laola tion of i 


DNA (mm.) ł 3 7 14 120 
(at 37° 0.) 
dj oi 3-4 3-4 4:8 40 42 
Per cent d 
Toooverable 4 21 64 70 100 100 + 


sits DNA from strain d introduced Into strain Sa 


To-lsolation of 
DNA (mia) i ti 7 


dj ad 13 10 9 
Per cent d recoverable 6 4 40 


20 
(at A 0.) 


100 100 


In the experiment described in Table 4, in which 
deoxyribonucleate from bacteria carrying the property 
d is introduced into bacteria carrying the property 
a, the ratio d : ad assumes a high value at early times 
and approaches an equilibrium value of four at 
longer incubation times. The fact that the ratio 
d:ad is independent of the frequency of bacteria 
transformed either to d or a excludes the possibility 
that any appreciable fraction of the ad transformants 
observed are the consequence of a random double 
event. 

The difference in the behaviour of the d: ad ratio 
as a function of time between the two experiments 
described shows that the recovery of ad activity from 
newly introduced deoxyribonucleate carrying ad is a 
different process from that in which ad aotivity 
appears as a consequence of an interaction between 
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the newly introduced deoxyribonuoleate and that of 
the recipient bacteria. Ib is impossible as yet to 
distinguish with certainty between a sequential pro- 
cess, recovery of d, followed by lmking a and d, and 
two independent simultaneous processes occurring at 
different rates. 

It is also not as yet possible to say whether or not 
synthesis of deoxyribonucleate is an obligatory 
requirement for either the recovery or the integration 
of the new deoxyribonucleate. Both processes are 
complete within a period during which there has been 
little overall growth; the increase in turbidity of the 
total culture may be less than 10 cent. hs 
obeervations have demonstrated that arah 
deoxyribonucleate re-isolated after prolonaod ex- 
posures to deoxyribonucleate, followed by incubation 
for 5 min. at 37° with deoryribonuclease, has suffered 
neither physical nor biological dilution. These times 

enough for both these processes to have 
ap completion. Furthermore, concentrations 
of 5-fluarodeoxyuridine thirty times higher than that 
necessary completely to inhibit bacterial growth fail 
to inhibit either reaction. measurements 
of incorporation of phosphorus-82 into deoxyribo- 
nucleate during this period suggest that the net new 
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synthesis of deoxymbonucleate by such transformed 
is lesa than 5 per cent. 

Thus, it may be concluded that transforming 
deoxyribonucleate becomes integrated into the 
genome of the recipient bacteria during the first few 
minutes following the fixation of the deoxyribo- 
nucleate. Transforming deoxyribonuoleate re-isolated 
immediately after ite fixation has suffered a loes of 
function, and this function is rapidty recovered on 
mcubation of the transformed bacteria. In addition 
to a recovery of function, the newly fixed deoryribo- 
nucleate may become genetically linked to deory- 
ribonucleate resident in transformed bactena during 
this period. Preliminary observations suggest that 
little or perbaps no new deoxyribonucleate synthesis 
is required for either the recovery of function or the 
appearance of genetic linkage. 

The technical assistance of Misa I. Miller is grate- 
fully acknowledged. 
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EFFECT OF ACRIDINE ORANGE ON LIVING BULL SPERMATOZOA 


By C. VAN DUUN, JUN. 
Blophysics Department, ‘Schoonoord’ Research Institute for Animal Husbandry, Hoogt 10, Utrecht 


INOE the introduction of the acridine orange vital 
fluorochroming technique in 19401 vital fluoro- 
chroming of tozoa with this substance was 
performed for the first time by Strugger and Rosen- 
berger in 19444. Goat spermatoroa showed different 
cee to varying concentrations of acridine 
orange. Using a dilution of 1:80,000 in a gluocose- 

Pe Se ee a 100 per oent motility 

be maintained for two days in camplete darkness 
at 8° O. In artificial Insemination experiments with 
fluorochromed semen, fertilization was accomplished 
in 21 gosts out of 37 and this was followed by normal 
dévelopment and birth of 

Although most living cells do not suffer toxic effecta 
from soridine orange if this is used in very low con- 
centration®:5.6.? some cells may be more susceptible. 
Personally, I found that mouse lymphoblasts are killed 
by acridine orange in a concentration of 1: 5000; even 
in concentrations as low as 1: 50,000 reproduction was 
impaired!. With human tozoa, susceptibility 
was found to be rather high, 1: 10,000 being about the 
highest concentration that may be used without killing 
them instantaneously, and even then great care has to 
be taken as to the method of application®. Suscepti- 
bility also seamed to depend on the activity of the 
specimens; the more active the spermatozoa, the 
quicker they were killed. 

In recent years Vandemark e al.!°1 have applied 
acridme orange for evaluating the motility of bull 
spermatozoa. They did not observe toxic reactions 
with concentrations of 1: oe 1: 10,000 during 
15 min. incubation at 87° C. and they observed anly a 
alight reduction in motility after storage at 5° O. for 
24 hr. These estimations, however, were based an 
Visaal öbeeryationia orily iadd mot On ataob ineiünre: 
menta. 


Contrary to these observations, I have found a 
definite adverse effect of acridine orange on living bull 
spermatozoa, both with respect to the number of 
normally moving sperms and their mean velocity, 
measured with high accuracy with the photoelectric 
method developed by Rukmenspoel!#.13, 

Freshly ej aculated semen was allowed to cool to 25°C. 
and then diluted 10 times with an ultramicroscopically 
clear egg-yolk—ocitrate buffer!4 (pH 6-75 + 0-05 at 
22-28° O., corresponding to pH 6-80 + 0-05 at 87° O.) 
of 80° O. After this first dilution the samples were 
alowly cooled to ~ 4° O. by placing the tubes in a larger 
glass beaker which in ita turn was placed in a Dewar 
vessel with ice. Further four-fold dilutions were made 
with portions of the same buffer to which varying 
amounta of acridine had been added to get a 
range of concentrations of 1:200,000-1:5000. The 
fluorochrome-contaiing buffer was poured gently on, 
top of the fluid to avoid mixing, and the sample was 
allowed to stand in the Dewar vessel for 20 min. before 
mixing was sccomplished by gentle turning; this 
cautious procedure is required to avoid shocking the 
specimens when semen is diluted. After mixing, dropa 
(18-5 + 0-8 ul.) of the diluted seamen were brought into 
@ micro-chamber by means of a leukocyte pipette and 
warmed up for 5 min. to 87 O. Then the dark-field 
image of individual swimming tozoa was pro- 
jected on to a small aperture Gi 
multiplier through an auxiliary 
sperm passes by the ares, ‘sean’ by the photomultiplier 
the latter receives light impulses and emits a corre- 
sponding number of photo-electrons. The resulting 
fluctuating photocurrent is amplified and recorded. 
From the recordings the velocities of individual sper- 
matozoa can be measured, discrimination between 
normal and abnormal movements is possible and the 
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method also allows one to determine the total number 
of normally moving sperms. 

The mean velocity of the spermatozoa with normal 
movement was found to decrease proportionally with 
the root of the fluorochrome concentration, 

to the equation: 
Ve = v, — 39001/c p/sec. 
where v is mean velocity at fluorochrome ooncentra- 
tiono; D, is mean velocity without fiuorochrome addi- 
tion; and o is concentration of acridine orange ex- 
pressed in weight ratios, for example, o = 2 x 10+ is 
equivalent to the expreasion 1: 5,000. 
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This relati 
see oe dae 
of 5 ejaculates from 4 different bulls of Dutch-Friesian 
and red-and-white Meuse-Rhine-Yasel breed. It is 


is ahown by Figs. i and 3 repre- 
in a series of measurements 


shown that the mean velocity at an acridine orange 
concentration of 1: 10,000 has decreased to 62 per cent 
of that measured in the control without fluorochrome 
addition under the conditions of the experiment, which 
include 7 min. irradiation with white light obtamed 
from a 6 V., 5 amp. incandescent microscope bulb, 
operated at 6 amp. The mean irradiation period is 
only half this, since the period covers the total time 
required for recording. 
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Pig. 3. Normatzet velority dustributions of normal bull 
spermatosoa with 000 and 1:10,000 compared 
flnorochrome 


The velocity frequency distributions not only 
shift to lower values, but their shape is altered, too, 
as shown in Fig. 8. Whereas at low concentrations 
the curves do not differ much from that obtained for 
the control, the distributions become definitely skew 
at concentrations of 1: 10,000 and higher. 

The number ee ee 
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concentration. The mean values ¥ obtained by a the 
Diano, for the infividoel cfaccintes hayo been plotted 
the standard errors means. Oomparteon with Fig. 4 

Rhows that there is no significant difference in fitting the data to 

Peoportionality with ealther o or ./¢ 
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might be reason to aasume that this relationship would 
algo be proportional to the square root of the concen- 
tration, the curves show that m this case the data can 
Sane well be fitted by an equation of the type 

o k.o as by one where N, = N, — ky o 
iM, a aa N, being the numbers of normally moving 
sperma, expreased i in arbitrary unite, at concentration 
o and 0, respectively). At an acridine orange concen- 
tration 1: 10,000 the number of spermatozoa showing 
normal movements ia shown to have fallen to approxi- 
mately 80 per cent of that of the control without 
fluorochrome addition. 

Acridine orange exerts a powerful photodynamic 
action’ like all fluorescent dyes!*-!’, and m prelimmary 
experiments I have found a great difference in the 
rates of decrease of velocity with time in Dluminated 
samples of semen to which acridine orange had been 
added and the controls, consisting of a similar fluoro- 
chromed sample kept in the dark and samples without 
fluorochrome addition kept in darknees and under 
illumination. Even native bull spermatozoa are highly 
susceptible to light; Norman and Goldberg!* found a 
progressive decline in metabolic activity, followed by 
the premature death of the cells, showing all charac- 
teristics of a photodynamic action, due to the effect of 
a photosensitizer which is an intrinsic component of 
the cell. That the adsorption of acridine orange can 
add to its effect will not be surprising. 

_ Since the technique employed by Vandemark s al.) 

mopa ies the use of pure ultra-violet irradiation it seems 

ely that the discrepancy between their resulta 
and mine would be due to differences in photosensitizing 
effects, although this might require additional infor- 
mation on the dependence on wave-length of this effect 
of acridine orange with respect to spermatozoa. At 
present it seems more likely that the discrepancy can 
be accounted for by the low reliability of visual motility 
estimations in genera] as compared with exact 
measurements of velocity. 

In recent years it has repeatedly been asserted that 
acridme orange should be adsorbed preferentially to 
nucleic acids®.7.1¢-%5, Whereas it may be that this 
applies to certain of material and special condi- 
tions of application®*°.26 1t would lead to serious mis- 
takes if one should take excessive adsorption of acridine 
orange in itself as a teat for nucleic acids. The origmal 
investigations by Strugger* point to the great diversity 
of substances that may heavily adsorb this fluorochrome, 
whereas I demonstrated that in human torosa 
strong red fluorescence can be obtained after total 
removal of nucleic acids by extraction with hot tri- 
chloroacetic acid®.*?. Neither in bull nor in human 
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spermatozoa has drfferentiation between nucleic 
acid-containing parts (nucleus, mitochondria ın the 
midpiece, and the axial filament of the tail’) and the 
cytoplasmic componenta been observed m the living 
state. In bull spermatozoa the entire head 
fluorochromed rather homogeneously, both m the 
living and the dead state, allowing the fluorochrome 
method to be used as most reliable for determining 
biometrical data of the external head shape and its 
areas, 

Although it would not seem unreasonable to assume 
that at least part of the adverse effect of acridine orange 
might be due to adsorption to nucleic acids, this would 

experimental corroboration. The mathematical 


require 
Ea aenea B pa E 
velocity is in agreement with a simple adsorptive 
process followmg the Freundhch adsorption isotherm, 
but this is insufficient for further deductions. 

A further account of the inveatigations, which are 
being continued, will be published elsewhere. 
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EFFECT OF GLYCERINE ON THE X-RAY SENSITIVITY OF 
SERRATIA MARCESCENS 


By Dr. D. L. DEWEY 


British Empire Cancer Campaign Research Unit In Radiobiology, 
Mount Vernon Hospital, Northwood, Middlesex 


N 1951 Burnett st al.1 reported that many alcohols 
and glycols, at concentrations in the 0-1-1 M 
range, protected Hecherichia coli Bir against the 
lethal effects of irradiation at 2° C. Later Marcovich', 
using Hacherichia coli K12 (à), observed similar pro- 


tection against aerobic irradiation by glycerine and 
four other similar compounds. Maximally protected 
organiams had about the sensitivity of anaerobic 
organisms, and no protection was observed against 
phage induction which he bad reported previoualy to 
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ee oe ee 
of i iation. This phenomenon of radiation pro- 
small red pigmented bacterium, Serratia marosscens, 
and the observations indicate that protection of 
aerobio organisms is brought about by’ same mech- 
aniam other than oxygen scavenging or competition 
with oxygen for radiation-induced radicals, and that 
organisms which are anaerobic when irradiated oan 
also be substantially protected by the presence of 
glycerine. : 

Overnight cultures grown at 25° in unaerated 
nutrient broth were diluted m 0-015 M phosphate 
buffer at pH 7 shortly before irradiation by 200-KV. 
: X-rays (1-6 mm. aluminium filter) at 1,000 r.jmin. 
in a ‘Perspex’ vessel which provided for continuous 
bubbling and thermostatic control. In the present 

ts, the bacteria were diluted and suspended 
in the glycerme solution a few minutes before 
irradiation. A control sample was taken just before 
irradiation, and an experimental sample was taken 
immediately after irradiation. Both samples were 
then appropriately diluted in 0-015 M buffer con- 
taining no glycerine, and plated out in nutrient agar. 
Visible colony counts were made after 48 hr. incube- 
tion at 25°. The fraction of cells survivmg to form a 
visible colony was used as a measure of the X-ray 


taking a control sample. Gassing was then continued 
for a further 5 min. before irradiation in case any 
atmospheric oxygen had entered the apparatus during 
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sampling. The exit gas was passed through a Hersch 
cell’ and any trace of oxygen impurity continuously 
monitored. Any anaerobio experiments in which the 
oxygen concentration rose above 20 parta per million 
have been excluded. 

The effect of ghyoerine on survival of bacteria 
gassed with 100 per cent oxygen during irradiation 
is shown in Fig. 1. When plotted as the logatithm of 
the surviving fraction linear dose, the pointa 
lie on straight lines through the origin at all glyoarine 
concentrations. The slope of the regression line 
through each set of pointe has been determined by 
mean square analysis. The effect of glycerme on the 
radiosensitivity of bacteria appears to follow the 
second-order kinetics type of equation used by 
Michaelis and Menten‘ for enzymes, and Alper and 
Howard-Flanders' for the effect of oxygen on the 
radiosensitivity of bacteria. If this is ao, the effect 
of glycerine on the sensitivity of bacteria to K-rays 
oan be expressed in the form : 


D _m@Gik 
D, G+K 


where D is the 37 per oent dose for the bacteria 
suspended in a glycerine solution of concentration G, 
D, is the 87 per cent dose in the absence of glycerine. 
m and k are constants. By plotting D,/D against 
D, — DID x G, a straight line should be obtained. 
By extrapolating this lme to cut the axis, values of 
m and k oan be determined. The best line determined 
by the points fram Fig. 1 plotted in this way gives a 
value for m of 5-25, this being the ratio of the sens- 
itivity of the bacteria in the absence of glycerine to 
their sensitivity in infinite glycerine concentration. 
The concentration of glycerine required to give half 
the theoretical maximum is equal to K = 0-9 molar. 
In Fig. ae ee oe a Ge) Hart ian cae 
glycerine concentration. lme is the 
theoretical curve using the shore values of m and k. 
If glycerine is competing with oxygen for active 
sites, or preventing oxygen from reaching these 
active sites then the concentrations of glyoarme 
required to produce a given amount of protection 
should depend on the concentration of oxygen. The 
EE gd ‘eles, apemaneR inate ed 
cent oxygen in nitrogen in gas phase. The 
resulta shown in Fig. 2 demonstrate that the pro- 
tective effect of glycerine is independent of a change 


8 


© 100% OXYCEN ar 30°C 
OXYGEN AT 30°C 
& 100% OXYGEN AT 37°C 





X-ray dose (krads) for 37 per cent survival 


0% 10 15 
Molar glycerine concentration 


Fig. 2. The effect of glycerine on the aerobic X-ray sensitivity of 
Serratia marcescens 
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Serratia marcescens 


in oxygen concentration by a factor of 100. Another 
experiment, using 100 per oent oxygen but at 37°, 
demonstrates that protection by glycerine has little 
or no temperature effect. Control bacteria which 
were suspended in 1:5 M glycerine within a minute 
after they were irradiated, and then kept in glyoerine 
for the same length of time as the o ental 
bacteria, were not protected against the full X-ray 


Glycerine also protected cells from the effect of 
X-rays when the bacterial suspension was gaased 
with nitrogen or with 10 per cent nitrio oxide in 
Beene PODEN, The kinetics of the effect in the 
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presence of nitric oxide has not yet been worked out. 
The effect of various glycerine concentrations oom- 
bined with pure nitrogen is ahown in Fig. 3. Using 
the same procedure as above, the value of m was 
2-66 and k was 0-8 molar. 

Wood has protected yeast cels against X-ray 
damage by high concentrations of glycerine. He has 
interpreted the resulta as a dehydration of the cells. 
The overall effecte of glyoerine on Serratia marcescens 
is very similar to the radioprotection of cysteine on 
E. colt reported by Kohn and Gunter’. The effective 
concentrations of the two chemicals are also very 
simular, Kohn and Gunter mention the trapping of 
free radicals or the formation of mixed disulphides 
as possible protective mechanisms. Burns: has been 
able partially to protest diploid but not haploid 
yeast against anoxic radiation damage with oro- 
merourrbenzoate and a masking of sulphy- 
dryl groups. No final answer to the mechanism. of 
glycerine protection can yet be given. But, assuming 
that it protects against the indirect effecta of radia- 
tion, and extrapolating to infinite conoen- 
tration, the dose reduction factor of 2-66 would mean 
that on 37 cent of the damage in the anaerobic 

van dae to direct effects. 

Te ae oe L. H. Gray and Dr. J. W. 
Boag for helpful discussions, and Mr. J. Steadman 
and Miss J. Liddon for technical assistance. 
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BIOSYNTHESIS OF CELLULOSE BY ACETOBACTER ACETIGENUM 


By Dr. A. M. BROWN and Dr. J. A. GASCOIGNE 
é _ British Rayon Research Association, Heald Green Laboratories, Wythenshawe, Manchester, 22 


Morphology of Acetobacter acetigenum and 
Cellulose Synthesis 


the course of a systematic study of cellulose bio- 
synthesis by the bacterium Acetobacter acetigenum 
our attention has turned to the possible function of 
the cell wall and capsule (that is, a distinct envelope 
of polysaccharide materal) in the production of 
cellulose. Methods of preparing cell-free extracts of 
Acetobacter xylinum capable of promoting cellulose 
synthesis have been reported recently. In the Colvin 
method! the extract is prepared from unbroken cells ; 
in other methods the extract is prepared from cells 
which have been disrupted by mechanical or ultra- 
sonic disintegration. An important difference in the 
behaviour of broken and unbroken cell extracts les 
in the ability of the former to incorporate into 
cellulose the glucose molecule from umdine diphos- 
phate glucose. This observation suggested that it 
would be advantageous to examme systematically 
the function of the various cell components in 
cellulose synthesis. In this article we report that, 


although A. aceHigenum is not capsulated, ite cell wall 
plays an mmportant part m cellulose biosynthesis. 
Cells of A. acetigenum (N.C.I.B. 8132) were grown 
on standard malt wort’, and were then inoculated 
into a sterile medium (G@.M.S.) of the composition : 
D-glucose monohydrate, 1 per cent; yeast extract 
(Oxoid), 0:2 per cent; potassium dihydrogen phos- 
phate, 0:3 per cent; ammonium sulphate, 0:3 per 
cent ; crystalline magnesium sulphate, 0-2 per cent, 
all by weight in water adjusted to pH 6-0. After 
growth for 40 hr. at 28°, the cells were harvested by 
the method of Hestrm and Schramm‘. Microscopic 
examination of the ocella at thie stage re ed 
adherent, ill-defined material surrounding some oells. 
The cells were then washed three times by suspension 
in water and centrifugation, and were finally passed 
through a sintered glass filter (porosity 3). After 
centrifugation, the precipitated oells were examined 
by ordmary and phase contrast microscopy in 
preparations stained by the wet indian ink method’, 
dry-film indian ink method’, and a mordanting pro- 
cedure’ ; capsules could not be observed surrounding 
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any of the cells. Washed, filtered calls, when re- 
inoculated into standard malt wort, rapidly produced 
cellulose. ition of these ta with A. 
aoctigenum cels after growth for 72 hr., 7 and l4 
days failed to reveal any capsulation. As a control 
experiment, well-capsulated cella of Klebsiella pneu- 
momo were submitted to the same washing and 
filtration procedures, and distinct capsules were 
observed under the microscope. 

The partial removal of cell walls has been acoom- 
plished by the growth of Gram-negative bacteria in 
the presence of antibiotios'*, or by the partial hydro- 
lysis of cells in the presence of lysoxyme and a 

agent, A. acetigenum cella were grown at 
28° in the G.M.S. medium, to which was added 
benzyl penicillin (sodium salt) at concentrations of 
100, 500 and 1,000 units ml. For 48 hr. little 
growth occurred in any of the cultures, and micro- 
scopic examination showed many spherical large 
bodies in addition to normal rod-shaped cells. After 
this time, slow cellulose formation oocurred at the 
two lower penicillin concentrations, but in no case 
was synthesis so rapid as in the absence of penicillin. 
The swelling of cella could not be halted by the 
addition of polyethylene glycol or sucrose as stabil- 
ixera, so that protoplasta could not be isolated. 

It was found that cells harvested from 48hr. 
GMS. cultures (without icillin), and allowed to 
rest in sterile watar at 3° for 3 hr. could be lysed in 


salt), 1: 4 umoles/ml.; sucrose, 0:06 m.moles/ml. ; 
2 -aamino-2-h xymethylpropane-I : 3-diol buffer 
(pH 8-5), 88-3 umoles/ml. ; and wet compacted celle, 
0-2 ml. /ml. After 30 min. at 28°, many protoplasts 


could be seen under the mi |; more prolonged 
lysis disrupted the protoplasta rise to almost 
transparent ‘ghost’ membranes. At all times a few 


normal, rod-shaped cells remained in the solutions, 
but differential centrifugation enabled a partial 
separation to be made. The protoplast-rich fractian, 
containing very few normal cella, on inoculation into 
either G.M.S. medium or a sucrose solution (M) con- 
taining mineral galtes and yeast extract, did not pro- 
duce any cellulose for more than 48 hr. at 28°; with 


media may have bean due to the recovery 
ew normal cells in the mooulum from 
metabolic upset. However, this partial removal 
of the cell wall certainly interfered with cellulose 
synthesis. 

We have observed that the growth of A. acetigemun 
in G.M.S. medium in both shaken and aerated cul- 


results ie iene oy ie falicge ot 
Walker and his co-workers!, 1, who obeerved 
in colonial morphology, and " decribed the calls as 
‘celtulose-leas mutants’. Some doubt has been cast 
on the purity of such cultures, and it has been sug- 
gested that Walker’s observations could have arisen 
from culture contaminants". The formation of 
or even large bodies retards and possibly 
comp. balta cellulose synthesis by such oells, and 
thus such altered cells could be regarded as cellulose- 
leas mutants. From these observations, it is suggested 
that the bacterial cell wall plays some part in cellulose 
eee 
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Extracellular Synthesis of Cellulose by 
Acetobacter acetigenum 


- Tam formation of cellulose by Acetobacter zylinum 
from ultrafiltered ethanol extracts of glucose meta- 
bolixing cells has been recorded by Colvin’. Similar 
findings are now reported with Acetobacter acetigenum, 
together with some modifications of the Colvin pro- 
cedure. 

Acetobacter acstigenum (N.C.IB. 8132) was. in- 
oculated from standard malt wort cultures’ into a 
medium (@.M.S., see previous communication). The 
cultures (200 ml. eech in 1-1 conical flasks) were 
incubated at 28° for 40 hr., the cellulose produced 
then being in the form of an almost transparent gel. 
Cells were obtamed from this gel by the method of 
Hestrin and Schramm‘. The cells were washed, 
incubated with glucose solution, and the precursor of 
cellulose and the enzyme system were extracted from 
the cell suspension with ethanol. After removal of 
cells, the extract was evaporated to give an aqueous 
solution in which the enzymic reaction with the 
precursor took place. After evaporation to dryness, 
the residue was washed with alkali to remove protein 
and non-cellulogic materials, and then submitted to 
electron microscopy ; all the above operations were 

as described by Colvin'. 
ting electron micrograph (Fig. 1) shows 
clearly the olkali-resistant, enzymiocally synthesized 
microfibrils, although they appear to differ from 
miorofibrils obtained by ultrasonic disintegration of 
bacterial cellulose (obtained from A. aoetigenum 
cultures) and shown in Fig. 2. Acid hydrolysis (2 N 
sulphuric acid for 18 hr. in a sealed tube at 100°) of 
the alkali-resistant fibrillar residue produced glucose 
only, when analysed by peper chromatography. 
Another sample of the ethanol extract was heated in 
steam at 125° for 20 min. Piee 

t, and then treated as described by Colvin, 
with the result shown in Fig. 3, revealing no synthesis 
of cellulose. 

Similar alkali-insoluble fibrillar material was ob- 
tained by a similar sequence of operations, starting 
Dy, droppa tha eel cole Iio Oe ae 
78 per cent ethanol concentration, by volume), and 
then following the Colvin procedure with the ethanol 
extract. 


The effleiency of sinter-glaas filters of porosity 
5 on 3 for the removal of A. acetigenum cells and of 
microfibrils was tested, im order to examine an 
alternative method to ethanol extraction. Filtration 
of an of ocells through such a 
filter gave a clear filtrate, which contained no cells 
on examination in the light microscope. Portians of 
this filtrate were inoculated into standard malt wort'*, 
and were incubated at 28° for 7 days; no cellulose 
was formed and no cells could be detected. Thus the 
filter removed cells completely. Bacterial cellulose 
was disintegrated ultrasonically (9 ke./s. for 1 hr. at 2°) 
in water to give microfibrils visible under the electron 
microscope. Filtration of this suspension through the 
glass filter, followed by centrifugation of the filtrate 
at 80 x 109, gave no visible residue, and no micro- 
fibrils could be observed im either the supernatant 
liquid or in washings from the centrifuge tube under 
the electron microscope. Thus the glass filter could 
be used to remove microfibrils from solution. 

A GMS. culture (200 ml), grown for 40 hr. at 
28°, was passed through the glass filter and the 
filtrate was incubated for 1 hr. at 28°. The filtrate 
was then centrifuged at 80 x 107g, and the pre- 
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Figs. 1-4, Mlectron micrographs of cellulose microfibrils { x 6, 13,500) and of denatured enzyme experiment 


cipisate was submitted to electron microscopy, with 
the result shown in Fig. 4; again clear evidence for 
the formation of microfibrils was obtained. 
microfibrils were insoluble in sodium hydroxide 
FDEN (2 N at 100° for 5 min.), and again their 

appearance differed from both the samples obtained 
a (Figs. 1 and 2). The reasons for these differences 
are not yet known. The addition of sterile aqueous 
solutions of 2-p-glucose-1-phoephate, uridine diphos- 
phate glucose (sodium any: cellotetraces and oello- 

ee a ea 
ultrafiltered culture medium gave no visible quantity 
of cellulose, as would have been expected from 
enxymic synthesis if these substances were extra- 
cellular precursors of cellulose. 

These experiments confirm the findings of Colvin! 
that the final stage (or stages) of cellulose biosynthesis 
by Aoeobacier spp. occurs extracellularly, and also 
lend weight to the findings of Schramm, Gromet and 
Hestrin* that glucose-l-phosphates and uridine 
diphosphate glucose provided exogenously are not 
converted to cellulose on the outer surface of A. 
ayknum cells. All these findings support the hypo- 
thesis that an exogenoys substrate (probably glucose) 
enters the cell, and is converted to a precursor which 


can be rted out of the intact cell and oon- 
verted to ulose extracellularly. 

We wish to acknowledge the help and advice of 
Dra. J. DI and A. Sharples, and the practical 
assistance of Miss D. L. Peat and Mr. O. D. Shorey. 
Thin work Toroa. pase of the faaduriental research 
programme of ee ere ie eae 
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LETTERS TO THE EDITORS 


PHYSICS 


Electromagnetic Standing Waves and Ball 
-~ Lightning 

By now it is well known) that charged particles 
moving in harmonically oscillating vacuum electro- 
magnetic fields can be subject to time-average forces 
which establish a virtual potential minimum for them. 
The matter takes on a different aspect when the 
number of particles is so large as to form a highly 
conducting plasma, as in Kapitza’s theory of ball 
lightning‘. Then, quite aside from the details of the 
particle motions, we know that the radiation preasure 
of the inflowmg electromagnetic radiation is exerted 
on the energy ip&ti plasma. Thus, if the 
maintenance of a local ball of fire requires about 
“20 EW. (2 x 101! dyne om. seo.~1), the total force, 
irrespective of direction, associated with this energy 
conversion will be 6:7 dynes. To the extent that, 
besides the 20 kW. absorbed, there may be energy 
reflected, this number will be . A reflected 
20 kW. will contribute 13-3 dynes. This 1s far too 
little to hold a fire-ball at several thousands of 
degrees temperature and, say, 10 cm. in diameter 
from rising under the unidirectional buoyant force 
of about 600 dynes. 

The stability is far more likely to be flotitioua, in 
that the discharge simply stays where the energy is 
available. This is what bappens with a not-too-long 
horizontal arc in air. Relative to the fresh air 
moving upward into the aro (because the hot gas in 
the arc rises) the ionization front moves downward 
because the power comes from the fired electrodes. 
The fireball oan be expected to stay in that place 
relative to the Kapitza standing-wave pattern where 
the impedance match is beat. 

This raises a minor difficulty, because the ionization 
will start at an antimode of the electrio field, but the 
fireball, being of low impedance compared to free 
space, will lie at a node. Somehow the shift has to 
be made and the electrical geometry of the space 
changed without destroying the standing-wave 
pattern. 

A more serious diffculty for the Kapitsa theory 
lies in the magnitude of the power required. This 
must be about the same as for an electric arc in air 
. or nitrogen at one atmosphere preasure. Analysis 
of Cobine’s Fig. 9-19 (ref. 5) gives as the relation of 
voltage gradient E to arc current I: 


B = 82 I-** (V./om., amp.) 
His Table 9-12 gives a current density of 6 amp./cm.*. 
The surface area S of the arc per am. of arc length 
therefore increases only as 4/J, in fact : 

S = 1-45 I** (om., amp.) © 
Thus, the power dissipation per unit surface area is : 


BI 


“ae 57 I-* ew 57 watts/om.* 


Application of this to a fireball 10 cm. in diameter, 
presumably maintained by a 40-cm. Kapitza wave, 
yields a required power of 18 kW. 

-Suppose Nature to be an obliging wench faced 
now by the necessity of substantiating at least some 
of the all-too-human accounts of ball lightning ; How 
could she proceed ? First, she would recognize that 
she cannot use St. Ehmo’s fire as a stand-in, for we 
have learned to discriminate. Second, since the 
onset of the phenomenon must only alter the wave 
pattern a little and not react strongly on the power 
source, she must have about four times 18, or 72 kW., 
as a cushion. She will, therefore, have to generate 
about 90 kW. of short-wave power. At least twice 
this amount of primary power will be required.” 
Third, to conform to some eye-witness testimony 
regarding the distance that lightning balls can be 
from other objecta, she will have to be able to maintain 
the ball at a distance of some 400 om., more or leas, 
from conducting objects. This ıs ten 40-cm. wave- 
lengths, so that the frequency will have to be constant 
to a fraction of 10 per cent, say to 2 per cent. Of 
course she could arrange for a general background of 

short-wave radio noise which, augmented 
locally by a weaker Kapitza standing-wave, could 
feed a fireball, but the over-all energy requirements 
would be greater. 

She would have to design the wave-guide-system 
reflectors and lenses, which would focus the energy 
into a small volume at same distant (4 m.) pomt, and 
she would have to buy the klystronsa or magnetrons 
and power amplifiers to put out 90 kW. for some 
20 sec. of continuous operation. 

This is not beyond our own capabilities, and we 
have the advantage of more suitable energy sources. 
A lightning stroke may discharge about 20 coulombs 
at 5 x 10° Y. (ref. 6}—an energy of 10* MW sec. In 
20 sec. the fireball itaelf consumes only 0-36 MW.sec. 
The capacitance associated with the stare of lightning 
energy is 3-6 x 10t am., which would be the radius 
of an isolated conducting sphere bearing the 20 
coulombs. This is a reasonable size for a cloud. 
Actually, the charge forms a dipole in the cloud, but 
we shall probably not make an order-of-magnitude 
error if we calculate the energy density as if the 
energy were uniformly distributed through a sphere 
of 3:6 x 1% cm. radius. We thus find 5-1 x 1?" 
MW .sec. cm.~*. In the fireball it is 6-8 x 10+ MW sec. 
oam., that is, the energy is 1:3 x 10" times as 
concentrated. Nature does not surpass this degree of 
augmentation even in the return lightning stroke, 
despite ite bemg catastrophic. For her to do it over 
an Imterval of 20 sec. is another matter. 

It seems highly probable that with 90 kW. of 
40-cm. continuous-wave a globular hot plasma 
floating in air can be formed and mamtamed by 
suitably focusing the radiation. Something along 
this line may, it seems, be contemplated’, although 
it is to be noted that 50 kW. is the maximum power 
of commercial radio broadcasting stations in the 
United States. Some advantage could be gained by 
trying for a smaller fireball. A successful experiment 
will not, however, demonstrate the existence of 
Natures own ball bghtning. It would only show 
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that, as in many cases, Nature, as both oo-operator 
and frustrator, permits man to doit: 
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fH on of Ultra-violet and Visible Light 
Itra-th’n Sections of Vitrinite from a 


High-volatile Bituminous Coal 


Ir is a oommonly held view that coals contain 
$ aromatio structures and that they become more 
like with increase in rank. X-ray studies 
have tended to confirm this concept; however, 
recent work! has shown that small (about 100 atoms 
or leas) aromatic and tetrahedral structures that have 
comparable numbers of atoms give rise to overlapping 
X-ray hoy (il) and (20) reflexions of graphite like 
the (10), (11) (20) reflexions of graphite-like 
layers. The question of between the 
two of structures will have to be resolved 
even by rigorous and more detailed X-ray or 
electron diffraction studies. _Knowledge of other 
hysical and chemical would be of great 
in such structural analyses. It has bean 
that the extinction coefficients of a high-volatile A 
bituminous vitrinite in ultra-violet and visible light 
are too low to admit of an appreciable content of 
condensed aromatic structures. A detailed study of 
abeorption became possible whan we succeeded in 
cutting ultra-thin sections of coals of various ranks 
and in accurately measuring their thickness and 
refractive index by interferometry’. 

The ultra-thin sections of vitrinites were obtained 
outting on & microtome, using & diamond knife. 
fragmenta were very amall; in most instances 

the areas suitable for accurate absorption measure- 
mente were leas than 800) in diameter. Oonsequently, 
‘& very intense source of light, IE EERE 
xenon aro lamp, was used. The light was pessed 
through a grating monochromator and then a prism 
monochromator to obtain high purity before passing 
through the specimen. This was found to be necessary 
to minimize the effect of fluaresoance. After traversing 
the sample, the beam was further monochromatized 
- Þy reflexion from a precision grating before intensity 

„measurements were made by a multiplier phototube 
sensitive in the ultra-violet and visible. 

- Because of the fluctuating brightness pattern of 
the lamp, it waa found nocereary to compare the 
transmission through the imen mounted on an 
aperture with that of an identical aperture placed in 
the same position. Before mounting the specimen, 
transmission of. the two apertures was com 
throughout thé spectral range of interest at 
Git Gpeningd to Basate thay hey wees plaosd in ie 
same position. The ultra-thin specimen, mounted on 
a quarts plate, was arranged over one aperture, 
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plate fastened over the E 
quartz plate in front of the specimen r oed reflexion. 


losses. Relative transmission readings of the two 
os oe = ee 
different wave-length settings. In choosing the latter, 
emission peaks of the lamp above the continuum were 
used where possible so that minimum slit openings, 
as low as 0 001 mm., corresponding to a resolution of 
0-02 A. , could be used. For readings in the continuum, 
slit ranged from 0-01 to 0-1 mm., usually 
less 0-05 mm. Transmission of the reference 
aperture was measured before and after that of the 


specimen. 

- Following the absorption measuramenta, the thick- 
ness of the specimen was measured with an 40 Baker 
interference mi . Phase retardations were 
measured for the specimen immersed in both air and 
an immersion oil to permit simultaneous determina- 
tions of refractive index and thickness. - However, 
these parameters are not readily calculated for 
absorbing materials by the interference microscope. 
The extinction osefficient k, refractive index n, and’ 
thickness ¢ are all involved in the solution of the 
phase-change equation on transmission through an 
absorbing material; the product # is obtained from 
the absorption measurements after slight corrections 
for reflexion. The calculations are made by a trial. . 
and-error procedure or graphically. This technique 
will be more fully described elsewhere. 

Spectral absorption resulta have been completed 
for vitrinite from Pittsburgh bed -volatile A 
bituminous ooal. The thickness of ultra-thin 
section used was 550 + 20 Å., and the refractive 
index at 5460 A. was 1-80. The latter value compares 
favourably with 1-78 found by reflectances measure- 
ments on polished blockst. Variations of the specifio 
extinction ooefficient of Pittaburgh vitrinite with 
wave-length are shown in Fig. 1. The coefficient is 
defned by K = 105 (log I,/I)/éd, where the intensity 
falls from I, to I after tra thickness ¢ (A.), 
and d is the density (gm./om."). The extinotion 
coefficient, a more fundamental messure’ of. absorp- 
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tion, is defined ab wavelength à, by k=, 
In(I,/1)/4nt, and is equal to the product of refractive 


- index and absorption index. Extinotian coefficients 


-ultra-violet and visible regions. The 


for the Pittaburgh vitrinite are shown in Fig. 2 as a 
function of wa and wave- 

Ultra-violet and visible light oeuse the excitation 
of x electrons and free electron pairs. The electronic 
excitation is usually accompanied by the excitation 
of vibrational transitions, and hence absorption 
bands instead of lines are obtained when solids are 
” examined. Figs. 1 and 2 show that the Pittsburgh 
vitrinite abeorbs a considerable amount of light in the 
on 
observed here is larger than that reported for a 
pyridine extract (in pyridine solution) of the same 
vitrinite’. The larger abeorption appears to be 
_reasonable when it is considered that the extract 
AIEEE T D EEE pacha Weak cay, 
_ posed of lees-complex molecules than the vitrinite 
`iteelf. Comparison of the above absorption with those 
of aromatic, compounds indicates that the vitrinite 
studied contained major amounts of oondensed 
aromatic structures. 

High absorption by this coal in the visible region 
seems noteworthy. It may be caused by presence of 
structures similar to highly conjugated. oo 
containing oxygen or to polymerization of polycyolio 
hydrocarbon structures of 1-5 condensed rings. For 
example, rubicene, which may be regarded as a 

polymer of two benzene and one anthracene molecules, 
absorbs intensely in the red, indeed more than 
dinaphthocoronene, a ten-ring compound. The long 
wave-length edge of absorption, denoted by Aig 
Bs in group theory notation, ocours at 32800 Å. in 
benzene and shifta progressively toward the red as the 
number of rings in the molecule inoreasest. 

The extinction oocefficients obtained by Friedel 
and Queiser* for the Pittsburgh vitrinite are 8—4 
times lower than those found here. These workers 
used hand-ground sections probably 8—5- thick on 
the average. We have attempted to prepare ground 
sections a few microns thick that would be suitable for 


- aocurate absorption measurements, but so far have 


been highly uncertain of effective thickness owing to 
the presence of very thin areas, scratches or holes in 
such sections. The possibility was considered that a 
‘akin’ effect resulting from oxidation of the surfaces 
ee oe oe Sea T aarded Abeo piior 
Identical extinction coefficients were obtained when 
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another section of this coal 1060 A. thick was em- 
ployed. Furthermore, for other coals, thicknesses 
ranging from 500 to 1500 A. had no influence on 
extinction coefficients, and identical refractive in- 
dexes were obtained for 500-1500 A. and 1-2. thick 
sections. Therefore, it appears that such a ‘skin’ 
effect is not significant. 

The present absorption results are not moonsistent 
with earlier X-ray diffraction resulta’. When 
on the beais that the diffraction peaks at high angles 
were produced by two-dimensional reflexions of 
aromatio structures, the X-ray patterns showed that 
the average layer size was 7-0 Å., corresponding to 3-5 
condensed rings. However, vacuum distillation of this 
vitrinite produced a distillate and residue showing 
xray Ps patterns corresponding to a layer size of 

(1-3 rings)’. If the larger layers of the untreated 

vitrinite result from coplanar coalescence of smaller 
units or consist of i ect larger aromatio struo- 
tures, this vitrinite may be considered a polymer of 
small, partially oriented condensed aromatic unite. 
However, an authentic analysis of aromatic and 
tetrahedral structures in coal will await more rigorous 
and detailed X-ray studies. 
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Dependence on Temperature of 
the Interlayer Spacing in Carbons of 
Different Graphitic Periection 
attention wa 


experiments were reported, and, while 
these clarified the picture to some extent, the need 
for further experiments at higher (above 1,200° C.) 
and lower (below 20° C.) temperatures was indicated. 
Special diffractometer techniques required for these 
measurements have now been developed and will 
be described elsewhere : meanwhile, the extended ' 
results are reported. 

In Fig. la measurements made at temperatures up ` 
to 2,600° C. are given for a material having a p value 
{the proportion of disoriented layers) of 0:2. This 
now clearly establishes a non-linear relationship 
between interlayer-spacing d (A.) and temperature t 
(°0.): the empirical equation over the range 0° 
2,600° O. (for p = 0-2) is d = 8-357 + 91-9 x 104% 
+5:3 x 10° #. For p = 0 and p = 0°7,, measure 
menta! up to 1,188°C. indicate essentially similar 
curves translated parallel to the temperature axis, and 
it would seem that while the rate of expansion is 
ee aD GE Een ire 
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Fig. 1. Interlayer spacings at (s) high and (b) low temperatures. © denotes pointa dus to Baskin and Moyer (ref. 3) 


cantly dependent, for a given spacing, on stacking 
disorder. 

In Fig. 1b measurements at temperatures down to 
—196° C. for materials having p = 0, 0:2 and 0-7, are 
shown. Also included are resulta for neutron-irradiated 
graphite havmg p = 0-2,d = d, = 3-858 (20° O.) A. 

before irradiation, and d = d, = 3-388 (20° C.) A. after 
irradiation: with this material the small amount of 
irradiation produced little or no change in p as 
amed from modulation of hk bands, while inter- 
stitials resulted in the increase in the average inter- 
layer ing*. The results in Fig. 1b give experi- 
mental support to the suggestion made previously! 
that for carbons of. different graphitio perfection 
there will be different limiting distances of closest 
approach between the layers, with decreasing temp- 
erature. For p = 0, while the interlayer spacing at 
~ 196° C. agrees with that reported by Baskin and 
Meyer’, the present results show the expected! 
gradual “l -off rather than the abrupt change 
in slope implied by those investigators: for p = 0:2 
a ‘levelling-off’ is again in evidence and the limiting 
spacing to be than that found by 
Baskin and Meyer. Results for p = 0-7, are sean to 
be consistent with the general picture. With n- 
irradiated graphite, the resulte are interesting in that 
the interstitials, which have caused a certain increase 
in interlayer spacing (from d, to d,) without deteri- 
oration m perfection of layer-stackng (p = 0-2), 
have had ecesentially the same effect on the low- 


tem behaviour as the ter stacking 
disorder of an unirradiated less-graphitic carbon 
(p = 0-6) having’ the larger interlayer spacing 


(da). 


Consideration of the family of curvæ for varying 
perfection over the extended temperature-range 
(—196° to 2,600° C.) shows that, while the high-tem- 
perature behaviour is controlled mainly by the 
interlayer spacing alone, low-temperature rate of - 
expansion for a given ing becomes dependent on 
imperfections and disorder effecta. 


By adding a term to the quadratic at on given 
above for the range 0-2,600°C., it is epee to 
describe both the low- and high- data 


by a single expression. For example, a term of the 


A ; 
type @+ By With n a reasonably large number, 
gives the ‘levelling-off’ at low temperature and leaves 
the high-temperature behaviour still easen tially 
described by the original quadratic. Curves for 
different p values are then derived by using the 
known abo ANA ) d-p relationships‘. » 
uld include consideration of the 

rhi Pria 
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RADIOPHYSICS 


lonospheric Information from Satellite 
Signals 

Tra observation of radio signals from Earth 
satellites has opened up 4 new field of investigation 
for the examination of the ionosphere, particularly 
above the height of maximum ion oonosntration. 
The simplest features to observe are the fading-rate 
of signals resulting from the different phase paths of 
the ordinary and extraordinary rays, and the Doppler 

Ta: danive ionospheric information from a record 
of a single satellite transit requires very accurate 
obeervations and rather involved caloulations, and 
the results derived in this way confirm the notorious 
variability of the ionosphere in both time and space. 

Where an adequate. series of observations is avail- 
able, however, much useful information can be 
obtained very simply from the fading-rate. This rate, 
often referred to, rather loosely, as the ‘Faraday. 
fadmg’ rate, is essentially a measure of the total 
ionization in the path from satellite to receiver. Ifa 
mean value is derived at the time of nearest approach, 
most of the minor variations are sufficiently smoothed 
Be unite O lation, Tho tats fk 
be ax in low latitudes. rate is no 
oritioal, as the aada shift is, of the closeness of the 
transit to overhead, so that a series of records over 4 
few days can be used to obtain mean values. More- 
‘over, in a consistent series of observations, it is 
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Fg. 2. Tonization changes during September 1958 


possible to obtain a significant fading-rate even when 
much of the pattern is distorted by irregularities and 
diffuseness ich, in themselves, are useful indica- 
tions of ionospheric anomalies. 

It is thus from regular observations at 
different timea and heights to build up mean ‘fading- 
rate profiles’ for any particular observing site. These 
can then readily be converted to ionization profiles 
by comparison with corresponding ionosonde record- 
ings, and deviations and their causes oan then bg 
studied 

Results derived in this way from two years ob- 
servations of si in the 20 Mc./s. band from the 
satellites Sputnik III (1958 Delta 1), Explorer VII 
(1959 Iota 1) and Spuintk IV (1960 Epsilon 1) are 
shown in Fig. 1 plotted as fades per minute against 
satellite height. Nearest approach times were 
obtained from Doppler shift records taken simult- 
aneously by a method previously described’. Each 
point plotted represents the mean rate for a particular 
transit. These observations are for the period 0100— 
0500 local time when no direct solar influence is 
present and the decay im ionisation is slow. The most 
obvious feature is the differance between the summer 
and winter distributions, and different symbols have 
accordingly been used for summer (November— 
January), winter (May—July) and the other months 
classed. as equinoctial. Mean fading-rate curves are 
shown as full lines and the corresponding ionization 

for summer and winter derived from them 
graphically in arbitrary unite are indicated as dotted 
Imes. The ratio of the summer and winter maxima of 
ionization is in good agreement with that obtamed 
from ionosonde data. 
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The features so far mentioned will be dealt with in 
detail in future and the main of this 
cormmmnication 18 to report the o result in 
September 1068 when the sate inaredsed peactisally 
from winter to summer values within two days 
when the satellite waa at a height of approximately 
400 km. 

An abrupt seasonal change in the ionosphere a 
its tiene of the your fas basen Konuk (ok maangy you 
and has been consistently observed in travelling 
disturbance studies*. An examination of the available 
records for September 1958 did indeed show a 
marked change in direction of movement at this time, 
and also a marked rise im oritical 
frequency at Australian ionosonde stations. These 
resulta are shown in Fig. 3. There are bome gaps in 
the data, but the conclusion is clear. It appears that 
ayia onal change occurred first, followed a day 

the change in rate, with the critical frequency 
change becoming obvious a day later again. Some 
fluctuation in direction after the main seasonal 


AR Eo a meh 

This sequence @ major change in the 
movement of ionization at this epoch which appears 
to be consistent with a reversal of the north-south 
seasonal component of drift indicated by travelling 
disturbances. Since this change occurred, during the 
Geophysical Year, examination of records at other 
sites should yield interesting information. A magnetic 
storm of world-wide incidence but short duration 
occurred about this time, and its relation to the 

change is being examined. 

These results indicate the value of simple satellite 
obeervations, es a supplement to ionosonde record- 
ings,.for ionospheric studies and predictions. The 
20 Mo./s. frequency band seems very satisfactory 
and an orbit such as that of Hxeplorer VII is particu- 
larly suitable. Ita height-range is 850-670 miles and 
this is swept through every 50 days in each transit 
at any site. The type of tranamission used—oontinu- 
ous-wave with frequency modulation—is also satis- 
factory. The pulsed transmissions from Sputmik TIT 
made counting difficult at high rates, but short closely 
spaced pulses, as used in part of the coding of Sputnik 
IF, would be satisfactory and would enable study of 

le paths. Core ee E 

lso for this purpose and for comparison of 
receiver records. Telemetry information 
be canveyed as at present. 


also 


G. H. Munro 


Radio Research Board Laboratory, 
Electrical Engineering ent, 
University of Sydney. 


1 Mmo, G. H., and White, R. B., Nature, 181, 104 (1058). 
1 Munro, G. H., and Heisler, L. H. Nature, 183, 809 (1959). 
* Munro, G. H., Aws. J. Phys., 11, 1, 91 (1958). 


Observations of ‘Whistlers’ and ‘Chorus’ 
at the South Pole 


W aeria padaharoa aro aay: lem Oe a 
the South hio Pole (79° geomagnetic), and 
the seasonal and variations in occurrence of 
these phenomena at this unique location follow 


Maximum 
midsummer pape diminished through 
Balt id Mele aad wictealiy: disapposredl whe 
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the Sun dropped below the-horizon. Despite this 
seasonal dependence on solar zenith angle, there was a 
surprising and considerable diurnal variation in both 
strength and occurrence of chorus with a cansistent 
maximum between 1500 and 1600 u.rT. correspond- 


Be Se eared ae local magnetic 


Tr n eis. a ing ita aetna 
period, and -it was not until March 8 that the first 
whistler was heard. Whistlers became quite prevalent 
after sunset, and the rate of occurrence moreased 
through April and May to reach a maximum during 
the winter solstice. A considerable and consistent 
diurnal variation is apparent with maximum activity 
centred about 0630 v.t. 

Although detailed characteristics of these polar 
whistlers cannot be determined until the tape record- 
inge are available for spectrographio analyses, sural 
monitoring indicates that they generally resemble 
whistlers at lower latitudes. Pure tones, swishes and 
multiple are most common. Echo trains with 
about 2} sec. delay between eventa were heard on 
May 10 and May 31. The rate of occurrence at Pole 
Station (averaging 2-8 per min. during active periods) 
is comparable with typical whistler-ratea at middle- 
latitude stations. 

Judging from the obeerved characteristics of these 
polar whistlers, it appears that they could have been 
produced at lower latitudes, reaching the receiver by 
reflexion between the Earth and lower ionosphere’. 
The seasonal and diurnal variations in the occurrence 
of whistlers at the South Pole may therefore be due to 
the seasonal and diurnal variations in D region abeorp- 
tion over the peth of propagation. Assuming that 
the whistlers are propagated more readily along the 
path of least absorption, the diurnal peak at 0600 v.t. 
at Pole Station suggests that the whistlers penetrate 
the ionosphere somewhere along the 70° meridian, 
probably in the vicinity of Graham Land, approxi- 
mately 55° south geomagnetic latitude. In middle 
latitudes whistler-ratea are generally higher at night 
and in local winter, and therefore consistent with the 
hypothesis that D region absorption affects whistler 
propagation. If this interpretation is correct, coin- 
cidence should exist between whistler occurrences at 
South Pole Station and Port Loakroy. This will be 

investigated when the recordings from both stations 
are available for analyses. 

The origin, or origins, of chorus are not fully under- 
stood. The seasonal variation of this phenomenon 
at the South Pole, with maximum activity occurring 
in midsmmmer, suggests direct on solar 
radiation. It seams probable, therefore, that the polar 
chorus signals are initiated by solar corpuscular 
radiation impinging on the outer ionosphere. . 

The association between very-low-frequency hiss* 


also apparent at Pole Station’. 
the auroral hiss observed at Byrd Station usually 
centres about a frequency of 8 ko./s., at Pole Station, 


10° higher in io latitude, the auroral hias 
centres about 9-5 ke./s. This change in frequency of 
aurore-associated hiss with latitude is interesting. 
At 42° south ic Hillis‘ has associated very- 


low-frequency noise at 4-6 ko./s. with auroræ, and 

current investigations also indicate that the frequency 

of aurore-associated hiss may decrease with geo- 
magnetic latitude. 

The very-low- obeervations at Pole 

Station are being made Oliver O. Morse of the 

United States Antarctic Research Program. The 
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GEOLOGY 


Olivine-Spinel Transition on Nickel 
Orthosilicate 


Tua pressure-induced transition of olivine to a 
denser spinel structure is probably of considerable 
importance in the Earth’s mantle'. Olivine-spinel 
transitions are known in Mg,GeO, (refs. 2 and 3) 
and Fe,SiO, (ref. 1), while a variety of evidence 
indicates that Mg,SiO, will undergo a similar trang- 
ition around 126,000 atmospheres and 600°C. 
(refs. 1 and 8). These results suggested the desirability 
of exploring for olivine-spinel transitions in other 
substances which normally orystallixe with an 
olivine structure. 

Such a substance is nickel orthosilicate—Ni,S8i0,. 
From preli 1 and recent (Ri E., 
unpublished results) data on the solid solubility of 
Ni SiO, in Ni,GeO, (spinel) and vice versa, I have 
calculated that Ni,8iO, should undergo an olivine- 

spinel transition around 54,000 atmospheres at 
1.500" C. However, Wentorf* has recently reported 
unsuccessful attempts to synthesize a spinel modifi- 
cation of Ni BiO, at pressures up to 110,000 atmo- 
spheres. I have carried out further high-pressure 
experiments using a uniaxial preasure apparatus 
(squeexer), in an attempt to resolve the conflict, 
and provide further information on olivine—spinel 
transitions. 

Intimate mixtures of N1(OH), and silicio acid in 
orthosilicate ratios were prepared, and subjected to 
preasures between 0 and 50,000 atmospheres, at 
650° O., for periods between 1 and 6 hr. Fourteen 
runs were made. After completion of a run, the 
preasure was rapidly released, while the sample was 
quenobed and then examined by X-ray diffraction. 

At preasures below 15,000 atmospheres the phases 
observed were Ni,SiO, olivine, NiO, and nickel talo. 
it may be shown that the last two producte constitute 
a metastable assemblage, due to incomplete reaction. 

20,000 atmospheres, olivine disappeared and 
ein its place a spinel phase together with 
NiO and talc. Between 15,000 and 20,000 atmo- 
spheres, spinel, olivine, talo and NiO appeared 

simultaneously. A ran at 50,000 atmospheres, using 
a mix containing 20 per cent excess Ni(OH), over 
thas i to peg the normal orthosilicate, 
produced spinel and NiO. Talo was absent. 

A sample of Ni,SiO, olivine was prepared by 
sintering a tablet of intimately mixed NiO and SiO, 
ab 1,400° O. for 6 hr. The tablet was then crushed, 
reformed and resintered, this procedure being 
repeated twice. A sample thus was subjected 
to 50,000 atmospheres and 700° O. for 2} hr. ‘About 
80 per oent conversion to the spinel form was ob- 
served. Similar runs were carried out at 80,000 and 
20,000 atmospheres. A smal amount of spinal 
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formed at 20,000 atmospheres, but curiously, no 
spinel formed at 30,000 atmospheres. 

Mixtures of silicic acid, hydrous germanium di- 
oxide, and nickel hydroxide were prepared at 
intervals in the composition range between Ni,GeQ, 
and Ni,8iO,. These were run at 33,000 atmospheres 
and 650° O. A complete series of spinel aolid solutions 
was found to exist between Ni,GeO, (normally a 
spinel) and Ni,8iO,. The solid solutions obeyed 


~ Vegard’s law. 


It is concluded that the new phase is the spinel 
modification of Ni,8iO, and that the equilibrium 
for the olivine—spinel transition in Ni,8i0, 
at 650°O. is about 18,000 atmospheres. Ni,8i0, 
spinel is green, transparent, and has a lattice pars- 
meter of 8-044A. The calculated density is 5-34 
gm./o.o., which is about 9 per cent higher than that 
SFE the olivine modification. 
The tal trangition is in good 
pani with the value calculated (54,000 atm.) 


equilibria at 1,500°C. in the 
sas Ni Ni,G00, Ni SIO, if a reasonable allowance 
is made for the effect of temperature on transition 
pressure. A detailed description of equilibria in this 
system, and the calculations based upon it, will be 
published elsewhere. 

Wentorf’s failure to synthesize Ni,SiO, spinel at 
much higher pressures than I used may be due to the 
different type of apparatus employed’. We both 
used mixtures of Ni(OH), and silicic acid as starting 
materials, and operated at temperatures sufficiently 
high to cause the components to react and form 
Ni,SiO,. However, the uniaxial device which I used 
permits rapid quenching—in particular, the water 

reasure can be instantaneously released. 
Publi descriptions’ suggest that Wentorf’s appar- 
atus may not have been able to quench the reaction 
products as quickly; furthermore, the quenching 
may be carried out in the presence of a high preesure 
of water vapour (from the pyrophyllite pressure 
medium). Thus it is possible that any spinel formed 
at high preasures afterwards became inverted to 
olivine during the quench. 

A. E. Ruorewoop 


Department of Geophysics, 
Australian National University, ° 
Canberra. 
July 12. 
AL IL, Geookim. of Cosmoskim. Acta, 13, 303; 15, 18, 105 
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ee E Natures, 183, 1617 (1959). 
* Bovenkerk, H. ie Hall, H. T., and Wentorf, R. H., 
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Potassium-Argon Ages of Some Rocks 
from the South Atlantic 


Ts ages of micas separated from a number of rocks 
from the South Orkney Islands have been determined 
using the method. 

In these particular measurementa, the total volume 
of argon evolved on fusion of the samples was 
measured by means of a MoLeod gauge, and a correo- 
tion applied for atmospheric contamination using a 
mass spectrometer to resolve the argon isotopes. 
Potassium analyses were made with a flame photo- 
meter. 
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All the rooks measured were quartz—mica—schista', 
eight from Signy Island and one from Moe Island 
nearby (composite sample contains Moe Island 
material H.1865.1). Analytical reaulte and calculated 
ages are given in Table 1. 























Table 1 

= 
Weight of| K,O 
Mineral Ref. Ko. sample | (per 
bee (gm.) omt) 
Bioti H. 3| osmo | iz 
Biotite H. 861] 12076 | 751 
Biotito H. 1548| 143800 | 838 
Biotta H. 1643| 73086 | 475 
Biotite H. 202| 890209 | 513 
Botto H. 5073| 82088 | 400 
Musoovite| H. 5078| 69700 | 638 
Biotate 13001] 62587 | 412 
Botte | {8:130 1| 7s | ozs 

Shae. 





A pm k70 x 10-8 yr, àe = 0 B85 x 1074 yr, 

Errors in the results arise from maocurate measure- 
ment of the volume, in the estimation of potassium, 
or in measuring the argon-40/argon-36 ratio. In 
these measurements, a 1 per cent error in. erther the 
proportion of potassium onde or the volume of radio- 
genio argon would result in a 1 per oent error in the 
age. The errors introduced in correcting for atmo- 
spherio contamination may be neglected. The total 
error of measurement is estimated to be leas than 
+ 5 per cent. 

The aimilarity between all the ages so far measured 
suggests that argon has not been released by recent 
weathering. They indicate a Lower-Juraasio-Upper- 
Trisasic age* (Jurasic 135 + 5 to 180 +5 m. yr., 
Triassic 180 + 5 to 225 + 5 m. yr.) either for the 
original metamorphism of the schisia or for some 
subsequent metamorphism sufficiently intense to have 
released their radiogenic argon. The basement 
schiste in the South Orkney Islands are overlain by 
intensely folded greywackes thought to be of carboni- 
ferous age’, and by slightly folded conglomerates of 
Mesozoico aget. Results from the potasaium—argon 
work are consistent with the hypothesis that radio- 
genic argon already present was released from the 
sohiste during the orogeny which folded the overlying 
Breywackes. No mineralogical evidence of retrograde 
metamorphism of the schists of Signy Island has been 
reported. 

Thanks are due to the Falkland Islands Dependencies 
Survey and Dr. R. J. Adie for providing the specimens 
used in this work, from their collection at the Univer- 
sity of Birmingham, and to the Department of 
Scientific and Industrial Research for financing this 
work, I am indebted to D. H. Matthews of the 
Department of Geodesy and Geophysics, Cambridge, 
for to me the problem and its geological 
interpretation. 

Jons A. Mrruae 


Department of Geodesy and Geophysics, 
Madingley Rise, 
Madingley Road, 
Cambridge. 
* Os. Hs, 2% Rocks from the South Or Islands” 
: er, 888 (1988). keer f 
* Holmes, A., Traas. Edin. Geol. Soc., 17, Pt. 3, 188 (1959). 
rA R. J., “The Petrology of Graham Land OI. Metamorphic 
An of the Ta p a L Falkland Islends De- 
Sosentiflc Reports, No. 20, 21 (1957). 
‘Metthows, D. H., Geol. Mag., 96, No. 6, 425 (1059). 
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Age of the Cambrian System 


RECENT contributions by Wetherill! and Holmes* 
lay streas upon studies of the brannerite (so-called 
‘absite’) from Crocker Well, South Australia, as 
affording critical evidence on the age of the base of the 
Cambrian System, but dispute the mterpretation of 
the various resulta (m the range 520-915 million 
years) arrived at ın dating this mmeral. The public- 
ation of this discussion prompts me to report why 
these data from South Australia were ignored, as 
being irrelevant, in my own notes on the geological 
time-scale’. My conclusions were arrived at in the 
light of a first-hand knowledge of the Australian 
deposits, which I visited some years ago, and arose 
from the following considerations. 

(1) Statements that the brannerite occurrences are 
overlam by Precambrian sedimenta of the Adelaide 
System are incorrect. The nearest sedimente are six 
or seven miles away‘. In these Precambrian strata, 
pebbles of granite are found which are akin to the 
adamellite forming the country-rock of the mineral 
deposite—but this in no way helps to fix the strati- 
graphical age of the brannerite unless this mineral 
can be shown to be contemporary with the country- 
rook. 

(2) The samples of brannerite for which isotopic 
assays are available were not collected specifi 
for geochronological study with full records of 
parageneais, but were presumably supplied out of a 
stock of concentrate from prospecting operations. It 
is thus not known whether they were derived from 
“porous shear zones”, as claimed by some authors, 
or from the tight, breocia-lke, stockworks of quarts 
veins which have formed the mam source of the 
mineral. All the brannerite is amorphous due to 
metamictization. Consequently there is no geo- 
logical besis for the several divergent hypotheses, 

ing loas of radon due to rook porosity, or 
retention of radon due to well-defined orystal- 
linity, adduced in argument about the discordant 


83) In addition to brannerite the deposits also 
contain davidite, the two uraniferous titanates often 

i intumately intergrown. Greenhalgh and 
Jeffery’ have shown that a specimen of this davidite, 
with an age of 1,800-1,700 m.y., 1s more than twice as 
old as the brannerite analysed. 

(4) Throughout the whole Olary province, there 
are a great many occurrences of uranium minerali- 
zation (nearly all quite small), and the few that have 
been analysed isotopically ahow a wide range of ages, 
The oldest mineralization is roughly coeval with the 
great lead deposit of Broken Hill nearby. Both at 
Crocker Well and Radium Hill, primary uranitm , 
minerals bearmg at least two widely divergent ages 
occur in a single ore deposit. In such cases it seems 
reasonable to attribute the younger datmgs to 
re-working, not necessarily as a result of late 
granitization but probably arising as a simple re- 
generation in su in response to local tectonic oon- 
ditions. Comparable regeneration is apparent in the 
Hercynian pitchblende deposita of Western Europe’ 
and in many other uranium fields. 

(5) There is no evidence that the latest period of 
regeneration at Crocker Well is Precambrian in age. 
Within the province there are many post-Proterogoic 
mineral vems cutting the strata of the Adelaide 
System, and the last re-working could be coeval 
with these lodes. The potassium : argon age of 520 
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m.y. reported by Greenhalgh and Jeffery* relates not 
to a biotite “hand-picked from the rock”, as stated by 
Wetherill, but to a biotite ‘hand-picked from the 
brannerite”. The two minerals occur mtergrown in 
nesta and nae, well have been reconstituted con- 


if these interpretations are correct, the brannerite 
mineralization is completely lacking in streti- 
graphical definition and contributes no information 
about Cambrian chronology. The dating of the bese 
of the Cambrian. System at about 600 + 20 m.y., 
founded on other evidence, remains unassailed. 


0. F. Davipson 


Department of Geology, 
University of Bt. Andrews. . 
August 3. 
1 Wothedil, G. W., Nature, 187, 34 (1980). 


Hi o ie Trans. Edin, Geol. Soc., 17, 183 (1960) ; 


ar Sn aa b08 (1080). 


OAS 

mpana, and King, Da R a e OES} 
s an De and Jeffery, P. M., Geochim. Coemockim. Acts, 16, 
t Davidson, O. F., Fcon, Geol.. Bë. 383 (1960). 


Nature, 187, 85 
and Mancheder Geol. J. 2, 311 (1960); 


CHEMISTRY 


A Molecular Complex of Benzene and 
Hexafluorobenzene 
Ix the course of experiments using mixtures of 
benzene and hexafluorobenzene, it was observed that 
a solid was formed on these two substances 
although this frequently disappeared before the 
mixing process was complete. This observation has 
been followed up by the investigation of the freezing 
inte, Ghtaiied fons sooling: oneves oF rior of 
Lacan composition of benzene and herxafluoro- 
benzene 


The freezing-pomt diagram shows two eutectic 
pointes occurring at mole fractions of 0-15 and 0-85 
of hexafluorobenzene, and meltmg at about 0-5° C. 
and —5-5°O. respectively. The di shows 
a maximum melting point of 28-7° C. corresponding 
to a mixture contaming equimolar quantities of the 
two substances. Baas a and heraflucrobenzene 
have similar melting points (5-4°C. and 5-0°O. 
i ). This clearly demonstrates the formation 
of a 1:1 molecular complex of the two compounds. 
Lees-complete freezing-pomt diagrams have been 
obtained for the systems hexaflucrobenzene and 
flugrobenzene, and pentafluorobenzene and benzene. 
«The first of these shows evidence of the formation of a 
1: 1 complex of hexafluorobenxene and fluorobenzene 
melting at about —3°C., that is, above the melting 
point of flaorobenzene but below that of hexafiuoro- 
benzene. No solid complex appears to be formed 
between pentafluorobenzxens and benzene. The 
complexes seem to be similar to that formed as a 
low-melting white solid on mixing anilme and hexa- 
fluorobenzene!. 

These complexes may be regarded as examples of 
the Lewis base-Lewis acid (electron danor-acceptor) 
or charge — transfer type, of which those between 
picrio acid and a number of aromatic compounds, 
and between, for example, benzene and sym-trinitro- 
benzene’, are familiar examples. Fluorine atoms 
show a strong negative mduotive effect which is 
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reflected by the observation that the ionization 
potentials of polyfluorobenzenes are higher than that 
of benzene’, and by the behaviour of polyfluoro- 
benzenes in chemical reactions. In showing a negative 
inductive effect, the fluorme atom resembles the 
nitro group, and it is likely that the conditions m 
polynitrobenzenes which favour the formation of 
complexes will also occur in polyfluorobenzenes. The 
substitution of groups showing a positive inductive 
effect in the ‘basio’ partners of the complexes should 
increase the stability of the complexes with hexa- 
fluorobenzene. A complex, meltmg at 34°, has bean 
prepared from hexafluorobenzene and mesitylene. 
This complex, unlike that between hexafluorobenzene 
and benzene, is sufficiently stable to allow ita orystal- 
lization from ether. A similar complex, melting at 
56° C., bas been obtained between hexafluorobenzene 
and 3-methylnaphthalene, and this also is sufficiently 
stable to allow ite crystallization from ether. 

Complexes of this type are generally characterized 
by a transfer spectrum. In the ion. 
that a transfer such as that observed (in 
the region 2800-3400 A.) in the oase of the complex 
between benzene and sym-trinitrobenzene would be 
found, a prelimmary investigation has been made of 
the spectra of neat mixtures of benzene and hexa- 
fluorobenzene. No absorption band has been found in 
the region 2000-4000 Å., where the two liquids do not 
themselves absorb light. The spectra of mixtures of 
the two compounds have been measured in the region 
2300-8000 A. using ethanol and hexane as solvents. 
No absorption bands were observed other than those 
due to benzene and hexafluorobenszene, but it is 
probable that the concentrations used were too small 
to allow the formation of significant concentrations 
of the complex. 

C. R. PATRICK 
G. 8. Prosser 

Chemistry Department, . 
The University, 


dg baston, 
Birmingham, 15. 
1 Brooke, G., Burdon, J., Stacey, M., and Tatlow, J. O., J. Chem. 
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Structure of the |: I-Adducts of Cupric 
&Diketone Chelates with Heterocyclic 
Bases 


Im a recent communication, Traill! raises the 
question of the structure of the 1: 1-adducte formed 
by oupric p-diketone chelates with heterocyclic bases 
in organic solvents’, The same question has been 
raised privately by others, and it seemed, therefore, 
that we should seek some further evidence in support 
of the ð: 0o0-ordinated structure (I) originally pro- 
posed as against the 4: co-ordinated structure (IT) 
suggested by Traill. 

The original attribution of structure I to these 
adducts was essentially intuitive, and as their low 
stability makes isolation improbable, æ definitive 
structure determmation seems unattainable. We 
believe, however, that the weight of available evidence 
strongly favours struoture (I). 

(1) The stability of acetylacetonates and related 
compounds is largely due to chelation. If reaction 


with heterocyclic bases may result in the openmg of 
a chelate ring, it is difficult to see why only one ring 
should be opened, giving (II) rather than both rings 

giving , or even complete lacement giving 
salta of the type [Ou(C,H,N),]* 3(acac)-. 

(2) Replacement of an oxygen donor by «4 
heterocyclic base normally resultes in a shift of 
ligand-field bands to shorter wave-lengths. In 
this osse the shift is very slightly to longer wave- 
length, an effect paralleled by co-ordination of & 
fifth ammonia molecule to the [Ca(NH,),J* ion? and 
in other oases of extension of formally 4 : co-ordinated 
species to 5 : co-ordination. 

(8) Gaussian analysis of the absorption spectra of 
cupric ethyl-acetoacetate in solventa which do not 
form adducta shows that the broad absorption band 
in the visible region consists of two bands with 
maxima about 550 mp and 710 mz; but when the 
heterocyalic base adducts are farmed, the band at 
550 mp disappears and a new band appears at about 
900 my. Such drastic changes in the ligand-field 
absorption would not be explicable if the adduct had 
structure (I), in which the environment of the 
copper atom is fundamentally pree bub is 
consistent with the formulation of the adducts as 
5: co-ordinated species‘, 

(4) In seeking further evidence for the structure 
of those adducts, we have now examined the infra- 
red absorption of M/40 chloroform solutions of cupric 
acetylacetonate and cuprio ethyl-scetoacetate, and of 
the same solutions containing M/2 y-piooline (chosen 
Because it gives more complete adduct formation 
with the minimum concentration of heterocyclic 
base—uonder these conditions adduot formation is 
about 90 per cent complete). In the region 1,500- 
1,620 om.-!, metal §-diketone chelates show two very 
strong absorption bands, which are characteristic of 
the chelate rmg system, as they do not appear in 
keto or enol forms of the free 6-diketones or in acetyl- 
acetone scetate’. Opening of one of the two chelate 
rings to give (II) should thus be accompanied by a 
halving of the intensities of these bands. These 
bands are reported in the acetylacetonates of chrom- 
ium-(1) and chromium-(m) (ref. 6) at 1,567-9 om.—! 
and. 1,517-8 om.-! and of cerium-(mr) (ref. 7) at 1,562 
and 1,510 am.-?. In our complexes they are o 
as follows : 


Ouprio nostylacetonate 15h7 sab 1,085 s% 
Caprie acctylacctonate/plooline 1877 460 1,585 00 
Cupric sthyl-scctoacetate 1,807 525 1582 675 
Guprie othyl-acctoacetate/pioaline 1,507 475 152 è 6% 


where « is the extinction per mole of 8-diketone. 
While the accuracy of the extinctions is not high, 
due to heavy background absorption by the hetero- 
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oyclio base, it is apparent that they remain almost 
unchanged, as required for structure (1). 
D. P. GRADDON 
E. C. Warror 


Inorganio Chemistry Department, 
University of New South Wales, Sydney. 


1Trafl, E. C., Nature, 186, 681 (1060). 

g orao D; P., Nature, 183, 1610 (1959}. 

R , Balhausen, O. J., and Jergeneen, O. K., dota Chem. 
oe 1278 (1084). 

« Graddon, D. P., J. Inorg. Nuoli. Chem. (in the press). 


1 Welmberger, A. od.), “T of Organo Obemis , $, 404 
(IntersoL Pav Se York, 1958). a 


* Costa, G , and Pureddu, A, J. Inorg. Nucl. Chem., 8, 104 (1058). 
eee Freyman, R., and Lecomte, L, Bull. Soo, Ohkim., 19, 106 


Catalytic Racemization of 
tris(Ethylenediamine) Cobalt(II}) lon 


ALTHOUGH the optical isomers of the trts(ethylene- 
diamime)oobalt(III) ion, ([Ooen,]**), are stable in- 
definitely m aqueous solution at 100°C., complete 
racemization can be effected at 90°O. m 2 mm. in 
the presence of activated carbon!. It has been pro- 
posed that racemization is a surface phenomenon, 
and no decomposition of the complex cation oocurs'. 
More recently", the isomerization of lwvo-irts(l-pro- 
pylenediamine)cobalt(I) ion to the equilibrram 
mixture of the d and | forms of the complex cation 
was carried out with activated carbon in aqueous 
solution at 20°C. in 15 min. These reactions are 
obviously of the same nature as the rapid equilibra- 
tion of mixtures of cobalt(III) complexes in various 

preparative procedures’, brought about by activated 
carbon, for which no satisfactory explanation bas 
yet been 

We have found, after treatment in aqueous solution 
with activated carbon, cobalt(III) complexes in 
general, for example, tris(acetylacetane)cobalt(IT), 
tris(glycine)cobalt(IT), hexammine cobalt(III) ion, 
tris(oxalato)cobaltate(III) ion, invariably contain 
small amounts of cobalt(Il) complexes. The amounts 
of the latter have been found to depend on the 
temperature, time of contact with, and the nature of 
the carbon, as well as the presence or absence of 
oxygen or air. 

In a ical experiment, æ solution (10 mL) 


containing is(ethylenediamine)cobalt(ITT) chloride 
(0:2 gm.) and activated carbon (B.D.H. absorp- 
tion) was boiled for 8 mm. The optically inactive 


solution, after removal of the carbon, was ere acid 
with sulphuric aoid. The Co* ion, estimated with 
triphenylmethylarsonium thi te*, was found to 
be 4-2 per cent of the total cobalt. Under the same, 
conditions, but m sulphuric acid (0-1 N), the rotation 
decreased by only 6 per cent, but substantially the 
same amount of Co" ion was found (4:0 per cant). 
Schwarz and Kronig, who first used charcoal as a 
catalyst in cobalt(III) complex equilibria, failed to 
detect any cobalt(IT) complex or salt, and subsequent 
workers have overlooked the reducing properties of 
charcoal. 

These observations suggest electron-transfer raceam- 
ization proceeding through the labile [Coen,]* ion, 
which is by acid. The carbon appears to 
serve three functions: (a) as a catalyst for the oon- 
version of a small amount of the spin-paired [Coen,}* 
ion to the activated spin-free paramagnetic state 
which it then (b) reduces to the spin-free [Coen,]* 
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ion, and (c) as a catalyst for the electron transfer 
process : 

d[Coen,]* spin-paired + ‘Coen, ]* spin-free —> 

HOoen,]* + HOoen,]* © HCoen,]* 

Activated carbon is known to be capable of effeot- 
ing mild reductions in solution, for example, 
ferric to ferrous ion, but would not be expected to 
ro the spin-paired [Ooen,]** ion because of the 

potential of couple [Coen,]* spin-paired/ 
[Coan] spin-free (Hy = —0-282 V.)?. The poten- 
tial of the couple [Coen,]** spin-free/[Coen,]* spin- 
free, in which both oxidation states are electronically 
equivalent, would be expected to be very much more 
positive. 

Because of electronic non-equivalencg, electron 
transfer between cobalt(II) and cobalt{II1) complexes 
in aqueous solution is usually slow*. For example, 
the complete electron-transfer racemization of 
MT Oe I in the presence of dl- 
(0-02 M) and ethylenediamine (0-24 M) 
at 25° O. ired 8 days’. 
Activated carbon (2 gm. in 100 of solution) 

the above reaction strongly, and all act- 

ivity was lost in 2 min. at 25°O. 
.  Racemization was also catalysed by 

a platinum, palladium and rhodium black, and 

amounts of ocobalt{I1) complex could be 

pissed In the presence of these metals a reducing 

agent was necessary. This could be adsorbed 
hydrogen, sulphite ion or even alcohol. 


1 Dongias, B. H, J. Amer. Chem. Soc., 76, 1020 (1954). 

"Dwyer, F. P., and Garren, F. L., J. Amer. Chem. Soc., 81, 200 (1959). 

‘Ss. J., ‘Metal Ammins Formation in Aqueous Sobition”, 285 
e. and Son, Oopenbagen, 1041). 

‘Baflar, J. O., and Work, J. B., J. Amer. Chem. Soc., @7, 176 (1945). 


t Elis, K. W., and Gibson, N. A., Anal. Chim. Adta, 9 (8), 275 (1953). 


Liar T ADA IS L: Wors eah Goa BETR: 


‘Eddy’ Diffusion In Chromatography 


Uspun the above title, J. shea oi a 
discussed the axial spreading of the solute in 
tographio columns which is responsible for the 
smearing of zones and in particular the contribution 
made to this by ‘eddy’ diffusion. 
. In ‘eddy’ diffusion the of the solute is 
lees than could be derived from random walk oon- 
siderations applied to the carrier fluid, smoe the un- 
even velocity distribution causes radial concentration 
, which by radial molecular diffusion tend to 
keep the solute closer together in the axial direction. 
For turbulent flow in tubes the appro- 
priate theory has been worked out by Taylor*. The 
P AR DAAE & antes ow ine ees 6 
spreading effect which is counteracted by radial 


A generalized treatment for tubes of 
arbitrary cross-section and for arbitrary velocity 
profiles is due to Arist. 

In our publication’ on the statistical treatment of 
mechanisms osusing axial ing we have er- 
preased the view (loo. ott., p. 267) that the velocity 
distribution (in this osse a parabolic one) and the 
radial molecular diffusion cannot be considered as 
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being statistioally Independent, the reason being that 
the second process reduces the effect of the first. 
Giddings (loc. cH.) states that the two processes are 
independent. 

For independent proceases, when variances must 
be added, as we have explained, both the apparent 
diffusion coefficient D and the height H corresponding 
to an ideal stage have conserved the property of 
additivity, since they are proportional to the variance. 

However, m order to obtain a reduction in D (or H), 
Giddings has introduced the additivity in a factor n 
occurring in the denominator in his equation (1) on 
the strength of a statement that n is the sum of 
numbers of steps for the two supposedly independent 
processes. We fail to see the statistical justification 
for this procedure. 

The fact that, for proper @ and b, the form: 


TaS 


has the correct limits for b— œ and a—>co ia of course 
insufficient to justify the treatment. 
A. KLINKENBERG 


1 

* Taylor, G. L, Proc. Roy. Soe., A, 223, 446 (1084) 
t Taylor, G. L, Proc. Roy. Soo., A, #19, 196 (1953) 
+ Arla, E., Proc. Roy. Soc., A, 835, 67 (1956). 

+ 


Kitnkenberg, A., and Sjenfieer, F, Chem. Eng. Sot., 5, 258 (1056). 


Varranoss add', for oertain independent processes 
which, by virtue of an elementary random event, 
contribute directly to the variance. Lateral diffusion 
is not such a process. The variance is caused by non- 
equilibrium established by the difference in down- 
stream velocity fram point to point. Lateral diffusion 
acts to reduce this variance as can be seen by the 
inverse relationship between variance or plate height 
and diffusion coefficient. The random change in 
velocity which occurs along a given stream path, as 


moving regions. 

The fact that independent processes do not 
necessarily contribute additive terms to the variance 
oan be seen by use of a simple example which, 
unlike the above, oan be accounted for in an exact 
fashion. Let the transition between two discrete 
species, A, and A,, with downstream velocities v, 
and v, ooour by two independent mechanisms. The 
forward 


Using a method developed elsewhere* for obtaining 
asymptotic sf crs for plate height with oomplex 
kinetios, we obtain : 
2R (1-R) (v;—»,) 

atk,’ 


where R, the ratio of average solute to average fluid 
velocity, is an equilibriam property. Rate effects 
ee a Ge and, in fact, are 

in the denominator as proposed for eddy 
diffusion’. We see that “theo second process reduces 
the effect of the first’, but the processes are, none 


H = 
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the lesa, physically independent. This fact in no way 
depends upon having a single-step mechanism. If 
solute molecules are shuttled laterally by two 
independent diffusion prooceases, it can be shown', as 
expected, that the diffusion coefficients add in the 
denominator, one reducing the effect of the other. 
In close analogy with eddy diffusion, both diffusion 
processes ‘‘act mdependently to exchange molecules 
between fast- and slow-moving regions”. It is, in 
fact, possible to assign an effective coefficient of 
lateral diffusion (even though lateral diffusion, as 
such, ia not necessarily involved) to describe the effect 
of velocity variations slong a streamline. A olose 
analysis of this shows that the effective. diffusion 
coefficient varies with the distance across the inter- 
stioo while the molecular diffusion ooefficient is 
constant+, At any point these two are additive in 
the denominator, but the addition of the averages of 
the two, and this is easentially what was done in the 
earlier treatament*, ia an approximation. I am at 
present looking for an improvement of the admit- 
tedly approximate derivation previously given. 
J. Carvin Grppines 


ge erias of Chemistry, 
of Utah, 
salt Lake City 12, Utah. 


1Kimkenberg, A., and Sjenitasr, F. (previous communication). 
2 Giddings, J. O., J. Oham. Phys., 31, 1462 (1069). 

*Giddmgs, J, O, Natere, 184, 357 (1059). 

*Giddmgs, J. O., J. Chromatography (in the press). 
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Exclusion of Inulin from Solutions of 
Hyaluronic Acid 


Tas partition of inulin between buffer and solutions 
containmg hyaluronic acid has been observed by 
dialysing inulm to equilibrium between the two 
solutions. ‘Millipore HA’ membranes were used 
which are readily permeable to inulin but impermeable 
to hyaluronic acid. The hyaluronic acid was prepared 
from ox synovial fluid by the method of Ogston and 
Stanier!; inulin was Kerfoot biochemical reagent twice 
‘recrystallized’ from dilute ammonia. 

The partition depended on the concentration of 
hyaluronic acid according to log K = 2w, where K is 
the ratio of concentration of inulin m buffer to that 
in the hyaluronic acid solution at equilibrium and w is 
the weight of hyaluronic acid/100 ml. The partition 
was Independent of the concentration of mulin, the 
direction of equilibration, pH and ionic strength. 
Thus at w = 0-2, K = 2-5, and this can be thought of 
aa the exclumon of inulin from 60 per cent of the 
volume of the hyaluronic avid solution. These resulte 
have a bearing on the use of inulin for determining the 
volumes of tissue spaces. 

The effect is not peculiar to mulin, but is ahown by 
other carbohydrates and by protems, to degrees 
depending on ther effective molecular volumes; this 
suggests that the mechaniam of exclusion is sterio. 

This work was assisted by a Medical Research 
Council grant to one of us (O. F. P.). It will be published 
in full elsewhere. 

A. G. Oaston 
C. F. PHswrs 
Department of Biochemistry, 
University of Oxford. 
1 Ogston, A. G., and Stamer, J. E., Plookem. J., 46, 364 (1950). 
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Alkaline C-1 Fructose-l,6-diphosphatase : 
Evidence for its Participation In 
Photosynthesis 


Pariways proposed for the conversion of carbon 
diomde to hexose monophosphate during photosyn- 
thesis require the cleavage of the phosphate linked 
to carbon-1 of either fructose-1,6-diphosphate, or 
sedoheptulose-1,7-diphosphate, or both!*. A C-l 
alkaline phosphatase specific for fructose-1,6-diphos- 
phate has been prepared from spinach leaves and 
characterized by Racker and Schroeder’. This 
enzyme was not thought to participate m photosyn- 
thesis since it did not appear to be localized m the 
chloroplasts. Recently it was reported‘ that pea 
chloroplastg isolated in various aqueous media lost 
about 90 per cant of their mbulose-1,5-diphosphate 
carboxylase, an enzyme considered to play an essential 
part ın photosynthesis!. Since this finding indicated 
that photosynthetic enzymes were not necessarily 
retained in chloroplasts isolated by the usual procs- 
dures, the possible function and intracellular distri- 
bution of alkaline fructoge-1,6-diphosphatase in 
photosynthetic tissues were re-investigated. 

Asurvey of a number of plants and bacteria disclosed. 
that alkaline fructose-1,6-diphosphatase was widely 
distributed m photosynthetic tissues. In addition to 
spinach? and pea’ leaves, alkaline fructoge-1,6- 
diphosphatase has been demonstrated in oell-free 
extracts of photosynthetic tissues from barley, alfalfa, 
Spirodela, the fern Pteris gauthert, the algae Huglena 
graotlie and Chlamydomonas reinhardu, and the photo- 
synthetic bacteria Rhodospirillum rubrum and - 
tium. Conversely, the enzyme was not found im 
extracts of pea root or an apoplastidic strain (strepto- 
mycin-bleached) of Buglena gracilis. The activity of 
the enzyme in etiolated pee leaves was leas than 5 per 
cent of the maximum activity found in green pea leaves. 
In related work in which quantitative measurements 
were made of the levels of various enzymes in growing 
pea leaves, it was observed that the alkaline fructose- 
1,6-diphosphatase activity of the leaf followed a psat- 
tern of development similar to that previously ascer- 
tained for a number of photosynthetic enzymes’. The 
above evidence attests to a close correspondence 
between alkaline fructose-1,6-diphosphatase and 
chloroplast development and function. 

Intracellular distribution stadies of cell 
isolated in either 0-5 M sucrose or 0-35 M sodium 
chloride were inconclusive because of the apparent loas 
of most of the photosynthetac enzymes from the 
chloroplasts durmg the fractaonation procedure. How- 
ever, this work did show that a small amount of 


























Table 1. Tum DISTRIBUTION OF ÀLKALUE Fevucros#1,6-Dirsos- 
PHATASH Iw Pea Laury 2D Mugleas FRACTIONS ISOLATED mes 
Now-aqusous Mapu 

Fructose-1,6-diphosphatuse* 
Activity per 
Plant material Density of Per oent ohlorophyil 
Hola ted activity m (umol 
frachon P/m m mgm. 
L ohlorophyil) 
Pea leaf <134 68 0 58 
1 34-1 40 28 0-57 
>140 4 0-55 
A <1% 88 on 
moe 1 20-1 36 9 057 
>136 3 087 
reaction mrcture yDamimoms- 
trane buf, pil 8 B (108 ate), Sate geen (8 5 
> y. 
aiea), a Por eee z smokami. Tenedlamine 
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the total cellular alkalme fructose-1,6-diphosphatase 
was retained in the chloroplasta to an extent equivalent 
to that i for ribuloge-1,5-diphos- 
phate carboxylase‘. Furthermore, the specific activity 
of the enzyme in the chloroplast fraction was higher 
than m the other fractions. More informative results 
were obtained from experiments in which fractions- 
play occa baa aay = igen eos abaya dae 
non-aqueous media. The procedure detailed by 
Stocking? for spinach leaves was followed, except that 
the Buglena cells were broken by grinding with glass 
beads (0-10-25 mm. diameter) with a pestle and 
mortar. This fractionation procedure produced an 
enrichment of chloroplast material in the low- 
density fractions’.’. The resulta in Table 1 show that 
the majority of the alkaline fructose-1,6-diphosphatase 
activity was associated with the lightest fractions and 
that the activities in the various fractions closely 
followed the distribution of chlorophyll. The low value 
for the activity of fructose-1,6-diphosphatase ex- 


preased on a chlorophyll basis in the fraction 
leas dense than 1:29 was accounted for by the oe 
in this fraction of unbroken Wuglena cells. te 


experiments showed that no significant amounts of 
protein were released from unbroken cells during the 
fractionation procedure. These distribution studies 
that the alkaline fructose-1,6-diphosphatase 
of leaf and Wuglena is localized in the chloroplasts. 
though it has been shown that leaf extracts 
also contain an acid fructoge-1,6-diphosphatase’, no 
evidence has been obtamed to implicate this enzyme in 
photosynthesis, The developmental studies and intra- 
cellular distribution i ta indicated that the 
leaf acid fructose-1,6-diphosphatase did not partacipate 
aty in photosynthesis, nor was it localized in 
laste. Extracts of Chromatum, an obligate 
and phototroph, contained only the alkaline 

frdctoae: 1,6-diphosphatase. 

On the bama of the observations mentioned above, 
it is suggested that alkalme fructose-1 ,6-diphos- 
phatase constitutes an integral part of the enzymic 
mechamam for the photosynthetic conversion of 
carbon dioxide to carbohydrates. 

This mvestigation was carned out at Brookhaven 
National Laboratory under the auspices of the U.S. 
Atomic Energy Commiasion. 


Biology Department, 
Brookhaven National Laboratory, 
Upton, New York. 
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Transiodination of Proteins during Enzymic 
De-lodination of Thyroxine 

Durma the enzymic de-iodination of thyroxine 
labelled with iodine-131, triiodothyronine and related 
compounds with tissue hamogenates, a fraction of 
the radioactivity consistently appeared in a material 
of Ry = 0 im various chromatographic systems'. 
The amount of ‘origin’ radioactive material found on 
chromatograms increased almost in perallel with the 
de-iodination of the substrate. With the identification 


Total iodine-181 (per oont) 
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of ferrous ions and flavin as activators for thyroxine 
dehalogenase’, the formation of this material was 
found to be t only on flavin derivatives. 
The nature of the ‘origm’ iodine-131 labelled material 
was studied with purified preparations of thyroxine 
debalogenase*; it was found to be radioiodinated 
protein(s) present in the tissue enzymic extracts, as 
described below 


L-Th labelled with iodine-131 was incubated 
at 37° with thyroxine dehalogenase prepared from 
rabbit skeletal muscle, at pH 7-1 TH (ref, 3). The radio- 
active products of the reaction were analysed by 
paper chromatography and electrophoresis. Full 
experimental detaila have been described elsewhere’. 
Next to iodide, the material of Rp = 0 was the only 
other major labelled product formed. As shown in 
Fig. 1, the rate of formation of iodide was only 
alightly diminished in the absence of flavin mono- 
nucleotide in a ferrous 10n-activated enzyme system, 
whereas the formation of radioactive ‘origin’ material 
was almost abolished. 





Laed with sodas rabbit sksetal mascla 
as measured obroma 


After incubation of labelled thyroxme with a fully 
activated enzyme, the ‘origin’ material was separated 
by paper chromatography. It was non-dialysable and 
precipitated with trichloracetic acid; it was then 

with crude trypsin or pancreatin. The 
hydrolysate on chromatographic analysis was found 
to contain most of the iodme-181 as 3-iodo-tyrosine 
with traces of 3 : 5-diiodotyrosine, which suggested 
the presence of iodinated proteins. 

In order to confirm that proteins were iodinated 
with the iodine released from thyroxine, extraneous 
proteins were added in relatively large amounta to 
the muscle anxyme extract. Insulin and egg-white 
lysozyme were most suitable because of the ease of 
distinguishing from muscle proteins by electrophoresis 
and their feeble thyroxine-binding activity (thyroxine 
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Table 1. Ipporatiox OF LXSULIN AKD Eoq-Warre LYSOZYME PRESENT 
DURING INCUBATION OF -LABELLED I-TAYROXINE (T,) WITH 
Rasart BKELETAL NUSOLE THYROXINE DEHALOGHWASE 























Oonditzxons [dential to those in 
with ferrous oms and flavin 


dehalogenase can only attack ‘free’ substrate). Both 
these proteins were readily radiciodmated in the 
presence of radioactive thyroxine and the enzyme 
(Table 1), and on tryptic hydrolysis after separation 
by paper electrophoresis gave rise to labelled mono- 
1odotyrosine. Since free iodotyrosines were not a 
product of action of dehalogenase, the transfer of 
iodine atoms from thyroxine to the tyrosyl radicals 
of added proteins representa a true procesa of trans- 
iodination. 

Observations reported elsewhere? have suggested 
that the iodination of protems is not a secondary 
process of a flavin-mediated oxidation of the iodide 
released by the dehalogenase but rather a direct sub- 
stitution. It was proposed that the contribution of 
the flavin was to release part of the iodine atoms at 
a level of oxidation necessary for iodination under 
conditions of incubation. It should be noted that 
the fraction of thyroxine iodme available for tyrosyl 
substitution was twice the fraction of protem-bound 
iodine-181 shown in Fig. 1 or Table 1 according to 
RE. + 2 — RI. + RI. 

Since enzymic dehalogenation of thyroxine 1s not 
a peroxidative process’, the iodination of protems 
reported here does not resemble the ‘transiodmation 
of some iodotyrosmes and iodothyronines with per- 
oxidase‘. 

The physiological significance of transiodination of 
proteins coupled to a de-iodination of thyroid hor- 
mones, which had hitherto remained unnoticed, 
remains doubtful. Considering the extremely high 
Tatio of proteins to thyroxine in tissues, it would be 
difficult to demonstrate such a transiodination $n vivo. 


J. R. Tara* 
National Institute for Medical Research, 
Mil Hil, 
London, N.W.T 


tT. and Ra , Endocrinol., 60, 83 
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* Tata, J. R., Blookim. Biophys. Acts, 38, 567 (1059). 

“Tata, J R., Biochem. J. (In the press). 

* Beunders, B. O., and Stark, B. P., Tetrahedron, 4, 109 (1958). 


Stabilization by Manganous lons of 
Ribosomes from Embryonic Plant Tissue 


Preparations of microsomal ribonucleoprotem 
(ribosomes') from sources such as yeast, pea shoots, 
rat liver and clover leaves have been shown to oon- 
sist largely of particles with sedimentation coefficient 
approximately 70 S (refs. 2-5). These particles are 
stable when dialysed against solutions containing 
magnesium ions ab concentrations between 1 and 2 
mM; but removal of magnesium by dialysis or ad- 
dition of chelating te leads to dissociation of the 
70 S particles wit th production of sub-units of 
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sedimentation coefficients 50 S and 30 S. By oon- 
trast, I have found with ribosomes from wheat 
germ that in order to preserve intact 70 S particles 
on dialysis, manganese and caloium are required 
in addition to magnesium in the dialysing solution. 

Wheat germ was blended for 2 min. with four 
times its weight of a solution contaming 5 mM 
magnesium chloride, 2 mM calcium chloride, and 
0-025 M tris(hydroxymethyl)ammomethane/hydro- 
chloric acid (tris) buffer at pH 7-3. The ribosomes 
were isolated by two stages of fractional centrifuga- 
tion in the same buffered medium’. The material 
thus obtained was homogeneous on examination m 
the analytical ultracentrifuge, and contained only the 
70 & component (Fig. la). 


= z raan 





In order to test the stability of thease ribosomes 
under different conditions, 1-0-ml. samples at a oon- 
centration of about 5 mgm./ml. were dialysed against 
three changes of 300 ml. of the test solution for 24-hr. 
periods. The dialysed sample was then examined in 
the ultracentrifuge. 

It will be seen from Fig. 1 that dialysis ta 
buffer containing 1-0 mM magnesium sulphate led to 
almost complete dissociation of the 70 S particles, 
and increasmg the concentration to 2:0 mM was 
only partially effective in counteracting this dissocia- 
tion Dialysis i higher concentrations of 

ium led to production of aggregated material. 

When 0-2 mM manganous chloride was added to the ' 
1-0 mM magnesium, however, the dissociation was 
largely suppreesed. Increasing the manganese oog- 
centration to 0-6 mM further repressed the dissocia- 
tion, but the most effectrve medium for p 

the 70 S particles intact on dialysis has been found to 
be a iris buffer contammg 1:0 mM magnesium 
sulphate, 0-2 mM manganous chloride and 0-5 mM 
calcium chloride (Fig. ls). In the preaence of man- 
ganese, the effect of calcium was specific. Increasing 
the magnesium conocentretion did not have the same 
effect. In the abeence of ium or calcium, 
complete dissociation of the 70 S particles was not 
prevented by addition of manganese to 0-5 mM 
concentration. 

Similar concentrations of divalent galta of nickel, 
cobalt, iron, zinc and copper were all clogely similar; 
and all much lees effective than manganese in 
stabilizing the 70 S partiolea (Fig. Lf). 
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We have also observed a similar stabilizing effect 
oe ions on ribosomes prepared from pea 

Analysia of wheat germ ribosomes for man- 
ganese* gave values of 0-12-0-14 ugm. per . 
ribonucleio acid. The extract from which they 
were isolated contained approximately ten times as 
much manganese per mgm. ribonucleic acid. 
This digooiation of 70  partioles on dialysis in 
the presence of magnesium is in contrast to the 
reported behaviour of ribosames from the 
sources referred to earlier**. A further difference 
exhibited by wheat germ ribosomes is the irreversi- 
bility of the dissociation which occurs on dialysis 
either in the presence or absence of magnesium. 
Further dialysis of the dissociated partinles against 
the buffer containing magnesium, manganese and 
calcium, which was effective in repressing dissociation, 
ied to ‘asjerecntcan GE the 60:8 and. 30 A soraponents 
but little if any 70 S component was regenerated. 

It is possible that the difference in properties of 
the ribosomes studied here may be due to their 
having originated from embryonic rather than fully 
differentiated tissue. Further work will be required 
to check this. 


J. W. LYTTLETON 


Plant Chemistry Division, 
Department of Boientific and Industrial Research, 
Palmerston North, 
New Zealand. 
2 
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"hao, F. O., Arc’, Drochem. Biophys., 70, 426 (1057), 


eee and Petermann, AL L., J. hel. Chem., 
* Lyttleton, J. W., Biochem. J, MM, 8% (1960). 


*Johnean, 0. ML, and Ulneh, A., Calif. Agrio. Experiment ata 
766 (1960), = se 


RH, 1441 


The §-p-Fucosidase Activity of Mammalian 
Tissues and its Relation to other Glycosidases 


Ax earlier communication! described the occurrence 
of the enzyme a-L-fucosidase in mammalian tissues. 
These tissues have now been surveyed for f-p- and 
f-L-fucogidase activity, using the appropriate p-nitro- 

yl fucosides as substrates. The f-p-fucoside was 
ydrolysed by all the mammalian tissues that were 
studied, and also by an extract from the limpet, Patella 
vulgata, but no B-trfancsidape. activity was detested 
‘anywhere. — 
figures for some of the richest sources 


of Pp fuse e alongside comparable figures for 


B-D . Bince fucose is 86-deo 
B-D-fucosidase could be identical with B-p 
but the parallelism which would then 
between the two enzyme activities, within at least a 
single species, was not observed. Inhibition experi- 
mente with the a) priate aldonolactones? are shown 
in Table 2. While ths’ resalia toe’ the preparations 
from the rat are consistent with the action of a single 
enzyme, with a higher affinity for the galactose than 
for the fucose residue, the figures for ox liver suggest 
the very opposite. In any event, the enzyme or 
enzymes in the two species are evidently quite different. 
This is reflected in differences I have observed in the 
pH-activity curves. 

Whether or not it is due to 8-p-galactosidase, the 
B*p-facosidase activity of mammalian tissues is oon- 


tosidase, 
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Table 1. #-D-FuoosDagm AND §-D-GsLscrosiDasm AOTIVITIMS OF 
MANALAN True 
B-D-Fusosidass B-D-Galactosidase 
Ps Ox Rat Pig Ox Bat 
Liver 22,300 0,700 1,910 14,500 7,200 4,710 
ee Lo im 
Resnlts expressed as agm. p-nitrophenol (fnoomdase) or o-nitrophenol 


(galactosidase) liberated per gm. moist tiscue m 1 hr. at 37°. 


Table %2. INEHIATTION OF f-D-FU0OSIDASR AXD f-D-GiLACTOMDASE 
BY D-ALDONOLACTOROS 


8-D-Fucosidase D-Galactosidase 
Source of Fasono- Galactono- Galactono- 
lnotone jactone lactone 
Bat fre 0 56 0 60 
Rat 0 4 0 u 
0 6 32 (H 
ia woro donais fa. 0:05 M asotato butec with 
1 Pig expen y expressed as inhibition 
per cent, 


siderable. p-fucose has not been reported in animals, 
but both D- and 1-faocose occur in plants. Although 
L-fucose has been identified in mammalian 
preparations in at two instances, in other cases 
its baa ton mie cd eee ovate sae 


-not distinguish it from the D-enantiomorph. As with 


other galactose derivatives, the biological intercon- 
version of D- and L-fucose by an end-to-end oxidation- 
reduction would ap to be feasible. 

One interesting © tion made in this work was a 
great variation in the f-p-fucosidase activity of cow 
ovary, which was found to be related to the amount 
of luteal tissue present. The corpus luteum had a mean 
activity of 1,000 unita per gm., whereas the remainder 
of the tissue had only one-tenth of this and 
the enzyme was virtually absent from the follicular 
fluid. This phenomenon wes shown to extend to 
a-L-fucosidase, p-D-galactosidase, «a-D-mannosidase, 

B-p-glucuronidase and £-N-acetyl-p-glucosaminidase 
in cow ovary. While the physiological significance of 
these results is obscure, they point to a common 
function for all six enzymes, and to direct or indirect 
control of their activity by the anterior pituitary. As 
already shown for the other four enzymes‘, f-p- and 

a-L-fucosidase in epididymis and uterus respond to 
castration by steep falls in activity. 

Grateful acknowledgment is made to Dr. J. Conchie 
for help with some of the enzyme assays, and to Mr. A. 
MoAllan for skilled technical assistance. 


G. A. LevvY 
Rowett Research Institute, 
x Bucksburn, 
Aberdeen. 
1 Levvy, Q. A., Nature, 186, 472 (1060). 
1 Conchis, J., Findlay, J., and Levvy, G. A., Biochem. J., 71, 318 (1050). 


2 Conshie, J., and Levvy, G. A., Bioahem. J., 65, 380 (1057). 
4 Oonohte, J, and Findlay, J., J Endocrinol., 18, 132 (1969). 


Biosynthesis of Squalene by the Annelld 
Lumbricus terrestris 


Larga amounts of sterols have been shown to be 
present in many of the invertebrates, although chole- 
sterol does not seem to occur predominantly among 
the more primitive animals. as Bergmann 
has pointed out, the lower phyla especially appear to 
contain a diverse group of sterols with suructures 
which are more similar to those of plants!. Moreover, 
since some Protozoa and insects have been shown to 
require dietary cholesterol’, it has been 
that the invertebrates cannot synthesize their own 
sterols, but rather modify the steroid nucleus present 
in their food sources. 
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Mevalonioc acid, isolated as a growth factor for a 
strain of Lactobacillus , has been shown to 
be a precursor of squalene and cholesterol with in vivo 
experiments using the rat‘, and in isolated mam- 
malian" è and yeast systems”. The extent of mevalonic 
acid utilization by invertebrate animals is now being 
studied to determine by isolation and identifloation of 
radioactive components of the non-saponifiable 
fraction what genetic blooks exist in various phyla. 

A species from the phylum Annelida has been found 
to convert mevalonic acid to ene, but isi E oma 
of cyclixmg the hydrocarbon. Specimens of 
torresiris were placed in most cellulose powder which 
contained 0-1 fer cent ‘Moldex’ and 10,000 units 
cillin (Lilly) and were allowed to burrow i in this al tain 
for six days to remove symbionts undoubtedly 
sent in the alimentary canal. Additional penicillin 
aolutions were added on the second and fourth days, 
and the worms averaging 6—8 in. long and 3-4 gm. 
in weight remained quite lively. Potato agar plates 
streaked with cowlomic fluid from a treated worm 
showed only a few small, slow-growing colonies of 
Clostridium sp. The mevalonic acid solution oon- 
tained penicillin and aureomycin and was always 
injected into the ccalomic cavity. 

In one experiment, 11 animals were administered 
6 m. 2-14C mevalonio acid (Tracerlab) with a total 
activity of 700,000 oounts/min. Twenty-four hr. 
later they were homogenized in a Waring blendor with 
water in a nitrogen atmosphere prior to four extrac- 
tions at pH 11 with double volumes of petroleum ether 
(30~60° C.)/ethanol (9:1 mixture by vol.). The sodium 
sulphate-dried extracta were combined for solvent re- 
moval in vacuo, and the residue with approximately 10 
per cent of the injected activity was dissolved in light 
petroleum ether for chromatography on an acid-washed 
alumina (Merck) column. After 150 ml. petroleum 
ether wash had passed through the column, the 
squalene was eluted with a 100 ml. mixture of benzene/ 
petroleum ether (1:9). Solvents were removed in vacuo 
and the reaidue was counted on a Nuclear Chicago gas- 
flow counter. Eighteen mgm. 

Organic Chemicals), previously redistilled and purified 
by alumina chromatography, were added as carrier to 
the colourless oil, which weighed 7 mgm. and had an 
activity of 16,000 counts . The hexahydro- 
chloride derivative, prepared according to the Heilbron 
method modified by Loud and Bucher‘, had a specific 
activity of 475 c.p.m./mgm., while a second recrystalli- 
zation from acetone resulted in an meorease to 630 
o.p.m./mgm. Results of an elemental analysis of the 
squalene hexahydrochloride synthesized by this micro 


procedure ded to the theoretical 
of carbon (57-26), hy: (8-92), and chlorine (83-88) 
(analysia by Geller . carbon (57-21), hydrogen 


(8:85), chlorine (34-10) ). 

In another experiment purified carrier squalene waa 
added to the non-saponifiable fraction obtained from 
another group of animals prior to separation by 
alumina chromatography. The squalene fraction had 
a specific activity of 86 o.p.m./mgm. before the 
derivative was made, and the activity remained 


relatively constant over four recrystallizations 
(Table 1). 
Table 1. BECETSTALLIKATION OF 14O SQUALENE HEKARYDROGHLORIDE 
AFrAWT BPIKIFIO ACTIVITY 
Borya Weight Countal ag 
-™ (mgm) min. (Corrected to Infinite thinness) 
1 97 1,320 185 
2 76 1,113 1832 
3 56 840 176 
4 
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The alumina column was developed further with 1 
per cent acetone in petroleum ether and radioactivity 
was found associated with a B-carotene band. -caro- 
tene (N.B.C. recrystallized) was added as carrier, but 
after crystallization it was inactive. Then several 
milligrams of coenzyme Qio (Merck) were dissolved in 


an ether solution of the labelled und and chrome- 
tographed on ‘Florisil’. Though activity moved 
with the oarrier, on ization coenzyme Qio was 


inactive and the bulk of the carban-14 compound was 
recovered in the supernatant liquid. Rechromato- 
graphy on slumina with small cute assayed 
indicated that the radioactive compound moved 
slightly faster than the coloured component, but ite 
identity is unknown. 

Cholesterel was eluted from the alumina column 
with acetone/petroleum ether (1: 1) and after removal 
of solvent was precipitated with 1 per cent digitonin 
in 80 per cent ethanol. The resulting voluminous 
complex was inactive. In addition, thé homogenate of 
three animals injected with labelled mevalonic acid 
was subjected to saponification procedures which 
involved refluxing on a steam-beth for .8 br. 
with 2 N alooholic potassium hydroxide. Five petro- 
leum ether extractions were made, combined, dried 
over sodium sulphate, and the activity measured after 
removal of solvent in vaouo. This residue with 6,200 
counts/min. was dissolved in 6 ml. ethanol and 3 ml. 
of 1 per cent digitonm solution was added. After 
ethanol and ether washes 77-2 a ee of digitonide 
were plated and found to be devoid of radioactivity. 

Thus, the conversion of mevalonic acid to squalene 
has been shown to occur in the phylum Annelida. 
However, a genetic block on the pathway from squalene 
to the B-hydroxy and/or 5 «H sterols appears to exist 
in the species studied. 

Grateful acknowledgment is made to Dr. H. A. 
Schneiderman for his interest and helpful suggestions. 


Joyos M. Woorron* 
Lexoni D. WRIGET 


Department of Biochemistry and 
Graduate School of Nutrition, 
Cornell University, 
Ithaca, New York. 


* Present addres: Department of Biochemistry, University College, 
oct W., , in “Cholesterol”, 4346 (Academic Prees Inc., New York, 
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Phosphate Esters produced ed A ie Mammalian 
Skin from 2-Deoxy-»-glucose 

In a recent report concerning the phosphate esters 
synthesized by skin maintained on various substrates 
in vitro! we described the formation of two phosphate 
esters from 2-deoxy-D-glucose which were not detected 
with skin maintained on D-glucose. One of these was, 
identified ss 4%-deoxy-D-giucose-6-phosphate; this 
communication describes the identification of the 
second ester. 
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Three phosphate esters commonly formed from 
D-glucose-6-phosphate in living cells are p-fructose-6- 
phosphate, D-glucose-1-phosphate and p-gluconate-6- 
phosphate. 2-Deoxy-p-glucose-6-phosphate cannot, 
for obvious structural reasons, be converted to a 
product corresponding to p-fructose-6-phogphate, so it 
seemed likely that the unknown ester was either 2- 
deoxy -p-glucose-1-phosphate or 2-deoxy-D-gluconate- 
6-phosphate. The latter poambility was chosen for 
Investigation mnoe 2-deoxy-p-glucose-1-phosphate is 
probably unstable. 

Oxidation of p-ghucose-6-phosphate with bromine 
is known to yield p-gluconate-6-phosphate* so that a 
similar oxidation of 2-deoxy-p-glucose-6-phosphate 
appeared to be a suitable method for preparing 
2-deoxy-D-gluoonate-6-phosphate. Barium 2-deoxy- 
D-glucoge-6-phosphate was obtained as described 
previously! by the phosphorylation of 2-deoxy-p- 
glucose using yeast hexokinase and adenosine tri- 

hosphate. The oxidation was carried out with 
Dronte i einieoun solution at 40°C. for 22 hr. in the 
presence of sodium benzoate asa buffer. After cooling, 
the precipitated benzoic acid was removed by filtration, 
the solution aerated until colourless and treated with 
silver carbonate to remove bromide ions. The re- 
sultant solution was through an ‘Amberlite 
IR-120' (H+ form) column, concentrated under re- 
duced preasure and extracted with chloroform to 
remove the remaining benzoic acid. It was then 
neutralized with calctum carbonate and the filtered, 
neutral solution freeze-dried to a white powder. 

A solution of the product, converted to the sodium 
salt by treatment with sodium carbonate, was mixed 
with an extract prepared from akin slices (about 
20 mgm.) aia e incubated for 24 hr. at 87° O. on 
a medium consisting of 0:02 M 2-deoxry-p-glucose 
in Krebs-Ringer phosphate labelled with 15 po. 
phosphorus-32 per ml. This mixture was subjected 
to two-dimensional peper chromatography and a 
radiosutograph of the chromatogram prepared ; 
the experimental procedure was exactly as pre- 
viously described! with other reference compounds. 
The spot obtained on spraying the paper chromato- 
gram for phosphate esters coincided exactly with 
the position of the unidentified spot produced on 
the valoaga; the same result was obtained on 
repetition of the experiment. The Rr values obtained 
in propan-l-ol/aq. ammonia’ solution (sp. gr. 0-880)/ 
water (60:80:10 by vol.) were 0-95 and 1-08; in picric 
acid/2-methyl propan-2-ol/water (4:8:20, w/v/y) 
they were 0°78 and 0-78. Therefore the product of 
_ bromine oxidation of 2-deoxy-D-glucose-6-phosphate 
appears to be identical to the Paes unidentified 
phosphate ester produced by akin in the presence of 
2-deoxy-D-glucose. ‘ 

However, chemical investigation of the synthetic 
product showed that it was not calcium 2-deoxy-D- 
gluconate-6-phosphate. Treatment with N-hydro- 
chloric acid at 100° O. for 80 min. produced no hydro- 
lysis of the phosphate group whereas the phosphate 
group in 3-deoxy-p-glucose-6-phosphate is 70 per cent 
hydrolysed under these conditions? ; it is unlikely that 
the formation of a carboxylic acid group at C(1) would 
decrease the acid-lability to this extent. The periodate 
consumption, measured spectrophotometrically‘, was 
l mole per 111 gm. compared to the calculated oon- 
sumption of 1 mole per 158 gm. These properties and 
the elamentary composition are consistent with a cal- 
oium hexonate-6-phosphate (found: C, 22-0; H, 3:7; 
P; 9-3; O,H,,0,,POa, requires C, 21:6; H, 3-0; 
P, 9-3 per cent), Oxidation of 2-deoxy-p-giucose-6- 
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phosphate at C(2) as well as at C(1) could lead to 
D-gluconate-6-phosphate or D-mannonate-6-phosphate. 
Comparison of the products of bromine oxidation of 
both D-glucoge-6-phosphate and of 2-deoxy-D-glucose- 
6-phosphate gave indistinguishable results for period- 
ate consumption and infra-red spectra, but on two- 
dimensional chromatograms different R; values were 
obtained. A pure sample of D-mannonate-6-phosphate 
could not be obtained from D-mannose-6-phosphate ; 
even after four days oxidation some D-mannose-6- 
phosphate remained. Chromatography of the reaction 
mixture showed a component having Rr values 
consistent with those obtained for the oxidation 
uct of 2-deoxy-D-glucose-6-phosphate. As the 
romine oxidation product of 2-deoxy-p-glucose-6- 
phosphate is indistinguishable from calcium D-glucon- 
ate-6-phosphate by periodate consumption, infra-red 
absorption, acid hydrolysisand elamentary composition 
but differs chromatographically ; this product is 
almost certainly calcium p-mannonate-6-phosphate. 
Since the previously unidentified phosphate ester 
produced by skin from 2-deoxy-p-glucose is identical 
chromatographically with the product of bromine 
oxidation of 2-deoxy-p-glucose-6-phosphate this ester 
is presumably p-mannonate-6-phosphate. It seems 
probable that in both the chemical and the biological 
synthesis 2-deoxy-p-gluconate-6-phosphate is formed 
initially and iw then immediately converted to 
D-mannonate-6-phosphate. The production of 2- 
deoxy-p-giuconate-6-phosphate by cells has not pre- 
viously been reported although cell-free extracts of 
Leuconostoc mesenieroides have been found® to contain 
an enzyme which catalyses the reduction of triphos- 
phopyridme nucleotide by 2-deoxy-p-glucose-6-phos- 
phate. The relative intensity of blackening of the two 
spota on our radioautographs indicates that although 
D-mannonate-6-phosphate is formed, most of the 
ESERE puss is converted only to 2-deoxy-p- 
glucose-6-phosphate. 
8. A. BROOKS 
J. C. LAWRENNOE 
O. R. Riokerrs 
Medical Research Council 
Industrial Injuries and 
Burns Research Unit, 
Birmingham Accident Hospital, 
Bath Row, le 
Birmingham 15. 
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An Antibiotic Complex derived from a 
Streptomyces and active against Gram- 
positive Bacteria 


CULTURES medium in which a Streptomyces (Strain 
No. 1415 of the Montecatini collection ; now listed as 
No. 8888 of the collection of the Institute of Mioro- 
biology, Rutgers University) had been grown was 
found to contain an antibiotically active complex of 
eight components, effective against Gram-positive 
bacteria 


The organism in question produced pinkish growth 
with a diffusible pink pigment. The spores were 
spherical to ovoid, and the sporophores in the form 
of tufte of short hyphæ with slightly curled ends. 


1030 
It was capable of hydrolysing starch and decomposing 
gelatin and casein. 

Cultures for antibiotic production were made in a 
medium containing (per cent w/v) 0-325 peptone, 
0-25 meat extract, 1-0 glucose, 0-5 sodium chloride 
and 1 per oent (v/v) oorn steep liquor (40 per oent 
solids), in a 20-litre tank at 27° 0. These were grown 
for 72 hr., constantly stirred, and aerated with 
15-20 litres/min. of air. 

The medium was then filtered and extracted with 
ethyl acetate, the solvent dried, reduced sn vaouo and 
washed in dilute sodium hydroxide. qe ee 
was further reduced in volume and 
hort ooku of an iniata mixture of Darod d 60° 
and ‘Hyflo-Supercel’ (1:1). After elution with ethyl 
acetate and concentration, the orude lex was 
precipitated by petroleum ether, dissol in hot 

carbon tetrachloride and passed ‘through a similar, 
aoe column, eluted with benzene and again pre- 
oipitated by petroleum ether. 

The purified complex was a white, amorphous 
powder, soluble in lower aloohols, acetone, chloroform 
and ether, insoluble in water. The oom- 
position was approximately: O, 59-5; H, 8-0; N, 
3-0 (o = l per cent in methanol) [a] ww — 84-5°. 
In the hydrolysate, seven amino-acids were detected : 
glycine, proline, alanine, valine, phenylalanine, 
leucme and aminobutyric acid (probably the y- 
isomer). The ultre-violet adsorption spectrum showed. 
a maximum at 283 my 

By paper Giseriatopranby, eight components of 
the complex could be recognized. 

The LD50 in albino mice was 400 mgm./kgm. 
intravenously, 600 Tee intraperitoneally and 


B. Saanzr 
A. M. Logu 
G. Groxrrrri 


Montecatini Antibiotics Research Laboratories, 
Milan. 


PHYSIOLOGY 


ration on Hexobarbitone- 
uced Sleep In Mice 


SoG of laboratory animals and man produces 
a complex picture generally indicating mcreased 
excitability of the central nervous system. This is 
attributed to osmotic disturbances produced by fall of 
the extracellular electrolytee!. It is therefore interest- 
ing to find in albmo mice that after hydration the 
sensitivity of the central nervous system to hexo- 
barbitone was increased simultaneously. This con- 
clusion is based on the resulta obtained from the 


ee 


. following experiments. 


Adult albino mice received intraperitoneally hexo- 
barbitone sodium 100 mgm. after water-load. 
Control mice received only hexobarbitone. In some 
control experiments mice received water (or normal 
saline or 5 per cent glucose) just after recovering from 


wore 

2-4 hr. before becoming absorbed, intraperi- 
toneally administered 5 cent glucose solution is 
known to remove electro from the extracellular 
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Table 1. Hrraoct or HYDRATION ox HEXOBARDITONE SLEEPING TOO 
IF Won WATER at 87° O. IEJBOTED INTRAPHRIONIALLY. ANIMALS 
WEEE KEPT AY 38-35" O. 


mf. % of hydration tame No. of mice Valus of P 
body-weeght and min. + SD. wed t tost) 
hexobarb. ‘ 
ml NI 24l 20 
5 30 18 + 68 pal id 
10 0 36 + 95 12- < O01 
10 15 56 + 12-7 15 < G01 
10 30 +112 2 <001 
10 60 40 + 123 15 < O01 
10 240 26 + 68 8 < 006 
10 Jost after 55 20 
bexobarb. 
seon 
* Not signifloant. 
Tabie 2 


Fluid mil. between Sleopmng No. of mioo 

% of -  fhaid and tame Deed Value of F 
hexoberb. min + 8.D. (t teat) 

10 Gasos) 30 25 45 18 < 002 

10 (Gineoss 120 5 +120 18 < 0-01 

10 } 30 22 + 88 18 . 

10 (Saline 120 17484 12 bd 

* Not mgnifieant, 


body fluid, thus producing a condition comparable to 
hydration’. Mice this treatment were used 
} and 2 hr. later for hexobarbitone sleep. The effect of 
normal saline was also studied (Table 2). 


Results indicate that 10 per cent but not 5 oont 
nAg poa hexobarbitone sleeping time, the 
effect occurring 15 min. after hydration. 


Ten aod acs sie oa A a eee 
The rate of water excretion can explain these resulta. 
Animals recovering from sleep go back again to 
sleep after hydration but not after salme load. 
This suggesta sensitization of the central nervous 
system and excludes other mechanisms of action. 
Hydrated mice were quieter but essentially normal m 
their behaviour. All experiments could be repeated 
on the same animals after 2-3 days. 

Talte Gas etta Ao ea Peo aes a 
to deplete the electrolytes, produces a 
distinct effect 2 hr. later. Further work is in progress. 


N. K. BEDR 


t of Pharmacology, 
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Evidence for the Identity of Natriferin, the 
Frog Water-Balance Principle and Arginine 
Vasotocin 


Maetz, Morel, and Lahlouh! recently reported that 
pituitary extracta from amphibians and teleosts oon- 
tain a principle which promotes the active transport of 
sodium by the isolated skin of the frog Rana esoulenta. 
This factor cannot be oxytocin or a vasopressin. since 


oxytocic activity. Mastz 6 al. named this principle 
‘natriferm’. 

Helleri? first pointed out that fish, ian, avian, 
and reptilian pituitary extracts exert more effect 
on frog water-balance than can be attributed to their 


content of oxytocin or vasopreasin. Pickering and 
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Table 1. RELATIA ACTIVITIES OF OXYTOCIN, ARGININE VaSOPEBSSIN, ARGININE ViSOTOCLY, AND A 
Timmio ON NATRIFEIN ASSAYS, ARD ON OTHER ABAYO (EATS 6, Â, O 
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BULL-FROG NEUROUTEEMEDUTE LOBE 
9, 12) 























The figures shown m parentheses are the 95 per cent confidenes imite, 


Heller* have recently succeeded in separating the 
‘water-balance principle’ by paper chromatography 
fish, frog, and fowl pituitaries. From 
and pharmacological studies on the Shales Aone pos 
physis Munsick et ał.* conclude that this gland oon- 
tains oxytocin and a peptide pharmaocologically 
indistinguishable from arginine vasotocin (arginine® 
oxytocin). This analogue of the mammalian neurohypo- 
physial hormones has been synthesized by Katecyannis 
and du Vigneaud®.’? and generously supplied by them 
for study in this Department. It has much 
activity on the water permeability of the frog b. 
than any other neurohypophysial hormons or analogue 
that I have yet tested’. It is also extremely potent 
ini causing water uptake (water balance respones) and 
antidiuresis in frogs’. I bave gathered 
logioal ovidenoo for ita existence in pituitary extracta 
teleosts, amphibians, reptiles, and 
kedas It is probably not present in elasmobranchs 
or mammals. 

Natviferm has bean clearly demonstrated in teleosts 
and amphibians, but appears to be absent in mammals 
and elasmcbranchs'. The correspondence of the 
phyletio distributions of natriferm, the water-balance 
principle, and what I believe to be arginine vasotocin 
strongly suggests that they are identical. It is of 
pressing interest, therefore, to assay synthetic arginine 
vasotocin for ‘natriferic’ 

I have used a simplified Unsing-Zerabn'! short- 
circuited frog skin for natriferic assays. An inside-out 
akin from the leg of Rana pipiens is suspended in a 
carbon dioxide—bicarbonate-buffered Ringer’s solution. 
The bag is filled with the same solution. ‘Sodium 
current’ ia measured by the electromotive 
force across the akin and recording the applied current. 
Extracts and synthetic peptides are ad to the bath 
bathing the physiological inside (dermal surface) of 
the skin. The maximum increese in sodium current 
* recorded in the 15-min. period following the addition 
is taken as the . Four-point balanced aseays 


Pa iE thetic oxytocin (‘Syntocinan’, 
ox) is used aa standard. Relative potencies are 
in terms of unita, one unit of natriferic 


activity being defined as the natriferic activity of one 
oxytocio unit of oxytocin. Calculations are based on 
the assumption of a linear regression of response on the 
logarithm of dose. 

The results of natriferic assays on a bull-frog (Rana 
cateabiana) neurointermediate lobe extract, on syn- 
thetic arginine vasotocin, and on arginine vasopressin. 
are shown in Table 1. There are wide variations of the 
values obtained for natriferio activity of arginine vaso- 
tocin and frog extract on different assays (the figures 
shown are geometric means of the resulta of five assays 
"on each preparation). The variation appears primarily 
to be due to a 20-fold difference in the doses of oxy- 
tocin that must be used to obtam good responses in 


different frog akins. The sensitivity of the akins to frog 
extract or arginine vasotocin remains much more con- 
stant among different frogs. If one compares the natn- 
feric values obtained when both frog extract and argin- 
ine vasotocin are assayed on the same skin there is a 
much more constant relationship between their 
natriferic activities. This may be taken as additional 
evidence in support of the contention that frog 
extract contains arginine vasotocin. 

Activities of arginine vasopreasin, oxytocin, bullfrog 
neurointermediate lobe extract and arginine vasotocm 
on other selected assays are also shown in Table 1. 
Tt appears that arginine vasotocin could, if present in 
the bull-frog neurointermediate lobe in a concentration 
of approximately 8 /mgm. dry weight, account 
for the vasopressor, bladder, frog antidiuretic, 
and frog natriferic activities of the extract. The high 
oxytovio activity of the frog extract is believed to 
indicate that oxytocin is also $10, 

It appears probable that both natriferin and the 
frog water-balance principle are arginine vasotocin. 
It would not appear necessary, therefore, to ascribe 
the natriferic activity of frog and teleost pituitary 
extracts to a new hormonal principle! unless there is 
commanding evidence that such exists distinct from 
principles previously described. 

Further work on the relationships between pe oe 
structure and natriferic activity are planned. 
BANDEIRA that this respaces sill hoe a biel) daros 
of specificity as does the frog bladder response". The 
presence of natriferio activity in neurohypophysial 
extracts from vertebrates other than those mvesti- 
gated by Maste et al.! should also be investigated. 

This investigation was supported by Grant Ño. 
41940 from the National Institate of Arthritis and 
Metabolic Diseases, National Institutea of Health, 
U.S. Public Health Service. 


Wisus H. Sawyme 


t of Pharmacology, 
College of Physicians and Surgeons, 
Columbia University, 
New York. 
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Effect of Reserpine on the Nucleotide and 
Catecholamine Content of the Denervated 
Adrenal Medulla of the Rat 


RESERPINE causes a depletion of the catecholamines 
and adenosine triphosphate stored m the amme 
granules of the adrenal medulls!-*. Thus effect may, 
however, have been produced indirectly through the 
secretory nerves’. Such a stimulation of the medulla 
induced by msulin hypoglycsamia or morphine causes 
a concomitant release of amines and adenosine triphos- 
phate‘. The easential problem, however, is how 
reserpine causes amine depletion by direct action on 
the cells. As a prelimmary attempt to elucidate this 
problem, the effect of reserpine on the nucleotide and 
amine content of the denervated rat medulla was 
studied. p 

The left adrenal medulla of twelve male rats (body- 
weight 350—400 gm.) was denervated by cutting the 
splanchnic nerves. This produces a total denerva- 
tion?. After ten days the animals were divided into 
three equal groups. Reserpine (10 mgm./kgm. sub- 
cutaneously) was administered to each of the rata. 
The animals were killed 24 hr. after the injection and 
the adrenal medulls were dissected, extracted and 
analysed for catecholamines and adenosine phosphates 
by means of high-voltage paper electrophoresis in the 
way described in a previous paper’. This method yields 
values for the adenosine phosphates which are some- 
what bigher than the real ones owing to the presence 
of other nuocleotides?. Each extract contained the four 
left or mght medulla from the rats m each group. 
The rata were of the same weight and stock as those 
used in an experiment made at the same time. The 
normal animals in that work’ were therefore taken as 
controls. Denervation of the medulla does not produce 
any certain changes of the nucleotide or amine 
content®. i 

The resulta are presented in Table 1. 





Table 1. pXOLES In MEDULLAM FROM 4 GIAWDE 

Catechol- 

Norma! glands amines ATP ADP ANP 

Mean 0 365 0 0845 0 0315 0 0006 

Denerrated glands I 0280 0650 0 02285 0 0077 

H 0190 0 415 0-O225 Q 0062 

OT 0 280 0 0650 0 O@15 0-0070 

Mean 06235 006-40 0 0825 0 0060 

— 30% 36% ny 28% 

Non-denervated glands I 0-110 0 0245 00175 0 0063 

It 0070 0 0140 0-0116 0 0048 

IO 0 0015 0 0180 0 0062 

Mean 00195 0 0140 0 0064 

—70% —T7% —3% — 44% 


36 per cent in the denervated ones. As previously 
found for normal medulla in fowl!, ratt, and sheep?, 


and adenomne diphosphate content also decreased, but 
to a leer extent. 

Thus it seams that the release of amines from the 
adenosine triphosphate amine storage complex pro- 
duced by reserpine through direct action on the cells 
is accompanied by a release and/or breakdown of an 
equivalent amount of adenoame triphosphate which, 
furthermore, does not lead to an accumulation of 
adenosine diphosphate or adenosine monophos- 

phate. In this respect the direct reserpine action and 
the action of nervous secretory stimuli give a similar 
effect, This may mean that both reserpine and secre- 
tory stimuli act through the same mechanism (for 
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example, activation of a release or inhibition of a 
storage mechanism). Considering the structure of the 
adenosine triphosphate amine storage complex’, it 
seems probable, however, that an amme release— 
irrespective of the way in which it is brought about— 
must always be accompanied by a corresponding 
release (or breakdown) of adenosine hosphate. 
The findings, therefore, only seem to imp y that the 
amines released from the granules by reserpine do not 
accumulate to any appreciable extent in the cyto- 
plasmic sap. 

The investigation was aided by a grant from the 
Swedish Medical Research Counc. 


Nus-Acs HULARP 
Department of Histology. 
University of Lund. 
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Effect of Three Compounds related to 
Diethylstilbeestrol on the Phagocytic 
Activity of the Reticulo-Endothelial 

System 

Ir has been reported previously that diethylstilb- 
œstrol is a strong stumulant of the phagocytic activity 
of the retaculo-endothelial system!; that the minimum 
dose required to stimulate the phagocytes 1s about 100 
times greater than that necessary to induce oestrus; 
and that after treatment with 0-5 mgm. diethylstub- 
cestrol daily for mx days the phagocytic activity 
returns to within normal control limita in about 
eight days’. 

The present communication is a report of the action 
on the phagocytic activity of the reticulo-endothelial 
system of three compounds related to diethylstilb- 
cestrol. 

Twenty-five male white mice (T.O. Swiss strain) of 
20-25 gm. body-weight were used in these experiments. 
Five animals were used to test each compound, each 
animal receiving one subcutaneous dose of 0-5 mgm. 
of the compound in 0-05 ml. arachis oil daly for six 
days. On the eighth day after the commencement of 
the treatment the phagocytic activity was measured 
by the rate of disappearance of a known amount of: 
oe prepared carbon from the circulating blood‘, 

the procedure used being that described in previoys 

communications!, and the total-body phagocytic 
activity or phagocytic index being denoted by the 
1K. 


Ten of the anmals were used as controls and were 
given 0-05 ml. arachis o1l once daily for six days. The 
phagocytic activity was then measured on the eighth 
day by the carbon method referred to above The 
arachis ou controls showed a phagocytic index or K 
value of 13 + 2-4. 

The resulta are shown in Table 1. The three com- 
pounds are active wetrogens, and it can be seen that 
all of them are strong stimulanta of phagocytic activity. 
These resulta again suggest that the configuration of 
the molecule which confers matrogenic activity is also 
eesential for retioulo-endothelial stimulation. In 
addition, the results show that phagooytio stimulation 
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Table 1. Eyvact or TAREN OoMPOUEDS RELiTED TO DIETHYLATILB- 
OE ON TER PHAR GUS EO Aor OF TN BANGULO BEDOELT 























is ied by a corresponding enlargement of the 
liver and spleen. These are the princi 
endothelial organs and it has been record: 
that about 90 per cent of the carbon is removed from 
the blood by the liver, about 3 per cent by the spleen 
and the remainder by the 
nodes, connective tissue 
also found that the enlargement of liver and spleen is 
not due to water retention, but appears to be the result 
of hypertrophy of hepatic and splenic tissue. 

In these investigations we gratefully acknowledge 
financial assistance from the Central Research Fund 
of the University of London and from the Medical 
Research Council. 
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Infra-red Examination of the Association of 
Cornea Proteins with Water 


Warsgr, the most abundant molecular constituent 
of the body, is the necessary solvent in which 
physiological and biochemical units associated with 
cellular biology ocour. It forms hydrogen bonds with 
cellular components which contain polar structural 

groups such as the protein collagen’ found in the 
cornea. Direct evidence for molecular perturbations 
that occur during change in water content in intact 
. tigsue has been lacking, although changes are believed 
to occur. The present work is concerned with the 
demonstration and interpretation of the changes 
that occur in the infra-red spectra of the ox cornea 
during dehydration and during attempts at re- 
hydration. 

The tissue chosen for investigation was the ox 
cornea, which has a water content of 75-80 per cent 
with collagen making up about 70 per cent of the 
solids. Oorneas were excised 1-8 hr. after the animals 
were slaughtered and then stored at 4° C. until ready 
for use. They were dehydrated by exposure to infra- 
red radiation during the rums, which usually lasted 
} bhr. each, and they were allowed to dry between 
runs ai room tem in a desiccator. The 
Perkin-Elmer model 12 infra-red spectrometer with a 
sodium chloride prism was used for recording the 
spectra of the cornea, which was mounted in the slit 
position. The region of the spectra covered was 
1-3-2-7p. 
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Ware-length (x) 


1. papa tf age eral soar 
re Sar apelin; 0, 2-day 


—— A, fresh cornea ; 
specimen 


EEEE NE in devine of the on earnaivare 
shown in Fig. 1. Curve A represents the spectral 
absorption curve immediately after excision. The 

after 5 br. ana a ar CUTE Nira 


obtained at 1-45u and 2-038. After dehydration for 
5 hr., the wave-lengths of the absorption bands wtre 
1-45 and 1-98p, and after two days, they were 1-02, 
2-13, 2-30 and 2-45u. The abeorption at 1-454 in 
curves A and B of Fig. l is ascribed to water, which 
decreases between curves A and B. The absorptian 
band in curve A at 2-084 has been eliminated in the 
5-hr. specimen (curve B) although water is known to 
be present since there is a residual absorption at 
1-45. After 5 br. the background absorptian of the 
corneal protein is sufficiently intense in the 2u region 
to obscure the absorption of the amall amount of 
water present. 

Attempts to rehydrate the corneas which had been 
dehydrated for 2 days were carried out by dampening 
with water and immersing in water for 30 min. and 2 
days. In each case, there is an increase in abeorption 
at 1-454 and 1-92, which are approximately the 
absorption bands of water. The combined absorption 
curves of the 2-day-old specimen and that of water 
do not correspond to the original spectram shown in 
Fig. 1, curve A. A’ number of determinations were 
made, and reproducibility was obtained for the 

The infra-red absorption curve obtamed with 
dehydrated cornea to which water had been added 
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does not correspond to the absorption spectrum of the 
original tisuo. It is ap t that the withdrawal of 
water thous the tise cade 
the cornea, which are revealed by the infra-red absorp- 
tion bands found m the dried tissue. The inability to 
re-establish the infra-red curve A, Fig. 1, by adding 
water to the dried tiasue indicates that the polar 
groups which were associated with water in the fresh 
cornea, are no longer available. The loss of water in 
_ the cornea apparently breaks the association between 

the protein and water molecules. Since the final 
dried cornea is hard and has the physical character- 
istics of a high molecular weight polymer, it is 
suggested that the active polar groups of the released 
protein may then become re-oriented among them- 
selves to form higher molecular weight components. 

We are grateful to the Air Reduction Research 
Laboratories, Murray Hill, New Jersey, for the use 
of their spectrometer and facilities in this investi- 
gation. This investigation was supported, in part, by a 
fellowship (8. B.), grant 2@125, from the U.S. Public 
Health Service. 

8. Baxkweman 

. Pathology Department, University of Kansas, 
Medical Center, Kansas City, Kansas. 
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Diuretic Activity of 2-Amino-4-meta- 
chloro-anilino-!,3,5,triazine (R-37) 


A saeres of new derivatives of s-briaxine synthesized 
in the of Chemotherapy, Hatfkine 
Institute, y, have been tested for ther 
diuretic activity. Of the 12 compounds tested, 
s amino-Aaete-shildrs aniline 1, S0 aie (R-37), 
which is the metachloro analogue of amanozine, was 
found to be most promising. Diuretic activity was 
determined by a modified method of Lipschitz et al. 
(1943) developed im this laboratory’. 

Unsnmethetized rata received normal saline orally, 
2-5 per cent of body-weight, followed by the drug 
unger test. Urine was collected over a period of 
5 hr. Dogs were anssthetized, hydrated normal 
saline, 2-5 per cent of body-weight, and the drug 
given intravenously. _ Urine was collected for the 
next 5 hr. by oa both ureters, and urinary 
sodium, potassium and chloride were determined. 

Results obtained with R-37 were compered with 
those obtained with urea and hydrochlorothiazide 
m rats, and with in dogs. The 
resulta of with rate are given in Table 1, 
and those with dogs in Table 2. 








Table 1. BwsuLts ror Rave 
aici t, exoretion of initial load of water, sodimm and 
in animals. Potassium values represent average 
MARCHE GE POAT Oe GUE by oar gree 
£ Urea Hydrochlorothiaaide R-37 
Dose (mgm j/kgm.}) 750 -1-25 2: 50 10-0 
Grou: 4 8 8 8 8 
a g. ae G R 
Chloride 111 a7 m1 157 287 
Water 61 71 of 58 1s2 
Potesstum 0 60 0 70t 0-90" 0-64 O-TT*t 
A 'P test for 


a was carried out. Any two values not 
ora by tio sama line or marked with seme signs are significoanily 
different (P, 0 01). 
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Table 2. RESULTS ror Doas 
Inerease over control values of urine volume 











8 br. m each antmal ls an average 
thiasids thiamde R-37 RI 
Dose (mgm /kgm.) 2-5 60 50 100 
270 1,590* 100 1,130* 
Potassinm 315* a90* 55 300* 
Ohlonds 300 1,185 265 885 
Urine volumes 470 225 230 . 1,110 





aaay bont for ignifonnios lage a gui Any two values not under- 
CP on or with astermks are signiflcently 
These reguitg ahow that R-37'is a very powerful 
diuretic in animals and compares araras with 
hydrochlorothiazide in the range of dosages of the 
two drugs employed by us. The drug has a good 
margin of safety in animals and is not toxic when 
used in druretioally active dosage grven daily over a 
period of four weeks in animals. None of the d 
given R-37 in doses of either 5 mgm./kgm. (8 dogs) 
or 10 mgm./kgm. (8 dogs) showed any sign of 
hwmaturia or crystalluria. 


D. J. Mara 
U. K. Saars 
of Pharmacology, 
Beth G.S. Medical College, 
Bombay 12. 
: C. V. DALIWALA 
a Sarde of Chemotherapy, 
ime Institute, Bombay 12. 
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A re oh Effect on Levels of 
Catecholamine In Brain produced by - 
Small Doses of Reserpine 


In 8 recent communication, Sheppard and Zimmer- 
man! oriticized the resulta obtamed by numerous 
other workers indicating that reserpine reduces the 
content of brain norepinephrine and serotonin. Their 
objections were based on the “toxicological doses” 
which had been used. However, they failed to mention 
that reserpine had also been reported to reduce levels 
of brain serotonin? and norepinephrine? in non-toxic 
doses as low as 0-1 mgm./kgm. and to deplete heart 
norepinephrine in doses as low as 5 pgm./kgm.*. 
Shep and Zimmerman’s results showed rod that the 


administration of 0-1 mgm./kgm. of reserpine sub- , 


cutaneously to female guinee pigs weighing 300 gm. 
elicited a rise of 74 per cent In bram norepinephrine 
in 20 min. and a rise in heart norepinsphrme of 80 per 
cent in 20 min. and 45 per oent in 3 hr. No dimimution 
in brain and heart norepinephrine was noted for 
8 hr. In contrast, serotonin- in the brain fell 
by 50 per cent in 4 hr. They concluded that their 
resultas constituted the first demonstration of a rise 
in catecholamine content following the administration 


of reserpine. 

Sheppard and Zimmerman measured norepme- 
phrine fluorometrically by a procedure using a filter 
for isolatmg the activation and fluorescent light 
bends. Since filters have relatively wide spectral 
bands, the validity of their values is contingent on 
proof ‘that the method for norepinephrine is specific. 
This is especially relevant in view of the presence of 
reserpine ‘and its metabolites in the body. However, 
no evidence is offered for the specificity of the method, 
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We have repeated the experiments using a fluor- 
escent spectrofiuorometer which ita use of 
narrow spectral bands and methods of proved 
specificity for norepmephrine* and serotonin’. The 
administration of 0-1 mgm. of reserpine per kgm. 
subcutaneously to female guinea pigs weighing about 
300 gm. at no time caused a rise in brain or heart 
norepinephrine. In 230 min, when Sheppard and 
Zmoomerman had found a 74 per cent rise in bren 
norepinephrine, we found that serotonin and norepine- 
phrine showed no change from normal, or perhaps & 
smal decline. After 4 hr. the brain amine-levels were 
60-70 per oent of normal (Table 1). 


Table 1. GUDO Pia BRAIN AKD HEART AMCYMS AFTER ADMINISTERA- 
TION OF 0-1 MGM/KEM. OF BUSERPINE SUBOUTAPBOUSLY 








+ 0-08 
£004 
+ 0 04 
+002 
+ 0 07 
+04 
+0 88 
+96 30 








> Mach value represents the average from 6 animals. 


Heart norepinephrine fell to 90 per cent of normal 
in 20 min. and was only 20 per oent of normal in 
4 br. (Table 1). 

These resulta show that the fall in brain and heart 
amines after the administration of small doses of 
reserpine to female adult guinea pigs is qualitatively 
similar to that observed in other animal species when 
using larger doses of reserpine. 

F. BAEBARA ORLANB 
Bznrxanp B. Bropm 


Laboratory of Chemical Pharmacology, 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland. 
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THs preceding communication contains data 
refuting the rise in catecholamines which we had 
observed 20 min. after the subcutaneous injection of 
reserpine (0-1 mgm./kgm.). In repeating the experi- 
ment in order to check the questioned specificity 
of the analytical method, we found that we were 
unable to reproduce our original findings. Instead, 
the brain catecholamine-levels expressed as percentage 
of controls were found to be 105, 100, 64, 26, 37 and 
31 per cent after 4, 3, 4, 6, 8 and 73 hr. The shape of 
the curve was very much like that observed for 
serotonin and the 4-hr. values agreed with those 
reported by Orlans and Brodie. We are, at present, 
unable to detect the factors in the original experi- 
menta which gave us the values we reported, but 
we intend to pursue this matter further. In spite 
of this discrepancy, the serotonm values remain 
undisputed and the main conclusion remains valid, 
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namely, that there existe no correlation between the 
levels of brain amines and the intensity of observable 


` effoota. 


Ib is unfortunate that Orlans and Brodie, while 
correctly questioning the method of analysis for 
catecholamines, misinterpreted and mis-stated what 
was written in our original letter. Suffice it to say 
that our communication was not a criticiam of the 
many skilled workers who had demonstrated the 
ability of reserpine to lower tissue amine-levels. 
Contained in it, however, was a oriticism of the 
attempta by some workers to attribute the presumed 
central affects of large doses of reserpine (1-5 mgm./ 
kgm.) to changes in the levels of brain serotonin or 
norepinephrine. The actions of reserpine described 
by Brodie et al.' as “los of righting reflex, enhanced 
salivation and active closure of the eyelids’ would 
be considered as undesirable toxic side-effecta if 
found to occur clinically. To imply that such effects 
describe in equal fashion such terms as tranquillizing, 
sedative and central action of reserpine does little to 
clarify a terminology which is already too vague for 
scientific usage. It is important to define terms more 
clearly and to signify what responses one is trying to 
correlate with changes im tissue amine-levels. It 
remains to be determined which, if any, of the effects 
of reserpine may be attributed to changes in serotonin 
or norepinephrine-levels alone. Previous work with 
reserpine labelled with carbon-14 or tritium’ had 
demonstrated that the alkaloid was present in the 
brain during the entire period of visible action of the 
drug, but that here too no correlation could be made 
between the intensity of and drug-level. 
It is important to recognize that the application of 
other techniques as used in the study of behaviour 
may bring to light some actions of the drag which 
are not readily observed, and for which a correlation 
can be found with changes in bram amine and/or 
reserpine-levels. In our opmion, no experiment has 
been reported which conclusively eliminates reserpine, 
per ss, as the active agent and establishes serotonin 
and/or norepinephrine in its place. It remains for 
future work to establish the true mechanism of 
action of reserpine and similar alkaloids. 

HARBERT SHEPPARD 


1 Brodie, B. B., Finger, K. F., Orians, F. B., G. P., and Balser, 
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HAMATOLOGY 


§-Globulin Polymorphism in Chimpanzees 

IermasPzoorio variation in the electrophorevic 
mobility of serum iron-binding f-globulins (‘trans- 
ferrins’) have been described in man4*, oattle*', 
sheep’, goats! and certain monkeys‘*. In all but 
monkeys these variations have been established as 
inherited. 

We have recently examined the sera of 25 chimpan- 
xos, Pan saiyrus, and observed seven §-globulin 
phenotypes. Prior to our examination, these animals 
had been used for the amay of poliomyelitis 
acquired tuberculosis. Serum waa held 2-20 weeks 
ab — 15° O. before use. Electrophoresis on borate- 
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fo eee rt ed, 
Origin CG CD AA AG pc AD CC CD DD 


iam MAN GHIMPANZEE 


Fig. 1. Diagram showing the relative mobilities and Intensities of 
fron-binding bulins m various phenotypes of man and chim- 
panxecs, of intenatty ts as follows: blask bar, 


Table 1. FREQUKEOY oF S-GLOSULIN (“RA NAVEERIN’) PORNOTY? ES IN 
Onn Axes 











No. of animals tn whieh pheno wes 
obearred asad 


Bl omona 





buffered hydrolysed starch gel was ‘ormed 
according to the technique described by Smithies'’. 
Use of gel buffered with Jamino- 
methane" yielded leas-satisfactory separation. The 


serum -globulin of each animal was saturated in 
vijo with iron-59 (ferrous citrate)", a constant voltage 
of 4-5-5 V.jom. applied for 18-21 hr., and radio- 


autographs obtained’. The serum of each animal was 
compared with those of other animals. 
A diagram of observed transferrin types is shown in 


Fig. 1 and the frequency of these types in Table 1. 
The inheritance of the observed phenotypes is 
unknown and likely to remain so because of the 


captivity. The Ceon of aa shown 
is thus entirely arbi It seems le, however, 
that the §-globulin ‘A, CO and DD 


represent homesygous states. These phenotypes 
exhibit two to four bands the intensity of which is in- 
versely related to mobility and in these respects are 
similar to cattle homozygous at the 8-globulm locus*. 
Moreover, the sn niro mixture of equal parts of AA 


and CC sera results in an electrophoretic a 
Je from AO serum, that AO 
animals are hybrid gt the 6-globulin locus. ly, 


mixtares of phenotypes AA—DD and of phenotypes 
OC-DD are i le from AD and OD 
phenotypes, respectively. A BB phenotype was not 
observed although its existence might be predicted 
by the occurrence of BO sera. 
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uh oe 
ing bulins was overlooked m 
menta, ae Taa r a ie a 
zones, characteristic of each phenotype, which cannot 
be detected by the technique employed. The appear- 
ance of multiple B-globulm zones in homozygotes has 
oe ee 
occur in man. Indeed, several human sera of TECO 
bgt aed exhibited, as shown in Fig. 1, a faintly 
lying midway between the position of 
Cand D, in man. The serum of ane OD, individual, 
a Negro woman with systemic erythematosus, 
was repeatedly examined and ited the faintly 
labelled slow-moving band indicated in Fig. 1. Such 
i alp of course, be artefactual in nature. 
explanation for a multiplicity of ‘transferrin’ 
peas may lie m the Dob eeisesion of some parent 
protem unit. Such a hypothesis appears quite likely 
in the case of human haptoglobins!4. 

It was noted in paming that tlie haptoglobin of 
each chim fally saturated with human 
hsamoglobin A, appeared as a single band lying in 
approximately the same position as human hapto- 
globin Hp l-i. e anatomioal 
evidence of haptoglobin 
hæmoglobin e ee of 300 mgm. 
pec cent, while others with the same disease had lees 
than 30 mgm. cent”. 

We wish to thank Dr. David Bodian for providing 
the chimpanzees studied and Dr. Neal Nathanson for 
his assistance. 

This work waa supported in part by United States 
Public Health Service Grant No. B2053 from the 
National Institute of Neurological Disease and 
Blindness. 
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Effect of Ribonuclease on Erythrocyte 
Antigens 

Rascutts reported earlier from this laboratory 
suggest that the Rh and Lutheran human blood-group 
antigens owe at least some portion of their 
to ribonucleic acid derivatives". These observations 
were later confirmed by Allen (personal communica- 
tion). Boyd, MoMaster and Wasxczenko-Zacharc- 
xzenko? that they could not confirm the 
results cited above. However, more recently Boyd 
(personal communication) has observed an inhibitory 
effect reported earlier for these ribonuoleic acid 


~ 
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derivatives. This hypothesis has been-further tested 
by treating erythrocytes with the enzyme ribo- 
nuclease. (Two samples from Worthington and one 
from Nutritional Biochemicals were used.) If, 
indeed, any antigenic specificity is due to ribonucleic 
acid derivatives, then treatment with this ensyme 
should remove these, at least partially, from the cells, 
and thus lower the agglutinability of these cella with 
the antibodies specific for the affected antigens. On 
the other hand, those antigens which are presumed 
not to involve ribonucleic acid derivatives should be 
unaffected by this treatment. 
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Samples of packed cells were incubated for varying 
times, as is shown in Table 1, with the enzyme 
ribonuclease. The enzyme concentration was 2 mgm./ 
mi. or 4 mgm.j/ml., and ten volumes were used with 
a single volume of cells. Identical controls were set 
up using saline instead of ribonuclease. After 
incubation with either ribonuclease or saline, the cells 
were washed, and matched cell suspensions prepared. 
These were titrated with the various antisera shown 
in Table 1, and scored on the Race scalet. Only 
saline agglutinins were used. 

With anti-A, -B, -M, -N, -P and -I, as oan be 
Pepa ep raat a a a 
titration scores between the treated with ribo- 
, nuclease and the controls incubated in saline. How- 
ever, with the anti-Rh and the anti-Lutheran anti- 
bodies, the agglutinability of the treated cells is 

tly much less than the untreated controls. 

not attempting here to evaluate optimum time 
or enzyme concentration for the reaction, it seems 
clear that under all seta of conditions tested, the 
treated cells have lost part of their Rh and Lutheran 
specificities at the same time as the other antigens 
tested for were unaffected. Since the activity of the 
enzyme, ribonuclease, is highly specific in that it 
acts only on polyribonucleic acids, it seems reasonable 
to conclude that the loss of ribonucleic acid com- 
ponenta from the cell caused the lowering of agglutin- 
ability of the cella. This, added to the evidence of 
inhibition of agglutination cited above, would 
guggest still more strongly that there are one or more 
ribonucleotide componenta of the Rh and Lutheran 
antigens. 
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BIOLOGY 


A Bleached Variant of Euglena gracilis 
showing a Doubling of the Content of 
Deoxyribonucleic Acid 


WEN certain strains of the green flagellate 
Buglena gracilis are grown at 34~85°, cultures devoid 
of chloroplasts are obtamed’. These cells, which we 
term bleached, resemble the normal organisms 
cultivated in the dark (designated colourless), but 
they have lost a i character necessary for 
the formation of the plastids". In the course of a 
study of the chemical changes attending the loes of 
the ph i in Puglena, a bleached 


nucleic acid and protem and to have a slower rate of 
growth. Although the nuclei of these two cell types, 
when treated by the Feulgen method, appeared of 
equal size, those of the bleached organisms were 
coloured more intensely. 

In an attempt to study this phenomenon in mere 
detail, we produced clones of bleached cells by 
cultivation either at 84° or in the presence of strepto- 
mycin (10 mgm./ml.)?. These newly produced bleached: 
organisms (‘Bleached I’) contained, to our ribo, 
an amount of deoxyribonucleic acid identical with 
that of the normal cells; nor did the further culti- 
vation of these cells at 34° for several weeks with 
frequent transfers bring about an alteration in the 
normal nucleic acid content. Clones obtained from 
spontaneously occurring bleached cells also were 
found to contam’ the normal quantity. Table 1 
records the contents of nucleic acid and protem found 
in the colourless cells and the two of bleached 
organisms. The quantity of d ucleio acid 
present in green ocellis grown in the light is the same 
as that found im the colourless organisms. 

It would that the doubling of the content 
of deoxyribonucleic acid in the bleached stram of 
type IL constitutes a newly i and stable | 
heredi characteristio that may be described 
tentatively as an instance of experimentally induced 
polyploidy or polyteny. A change in the timing of 
the duplication of deoxyribonucleic acid during the 
interphase could, however, also simulate an alteration 
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Tablo 1. PROPERTING OF COLOURLESS AND BLEACHED CELLS OF 
E Bugione precihs, Grkapr s* =<. 











on, 
standard aa Thi 
onm ree nae tr Ge wee lagen 


of the cellular content of this substance ; and in the 
absence of a detailed ical study this possi- 
bility cannot be excluded entirely. Our observations 
on the bleached cultures of type I demonstrate that 
the increase in deoxyribonucleic acid is’ not an 
obligatory: consequence of the loss of chloroplasts in 
Bugiens. That this augmentation is connected m 


> some manner with the bleaching treatment is indi- : 


cated by our findings with the bleached cells of type 
I and also by a recent report’ describing 6 50: per 
cent inctease over the normal in the d 

nucleic acid contents of two bleached strains of 
Buglena graotis. The reason: for this ‘phanomenon 
is obscure. It could, be considered as 
signifloant that all bleached strams exhibiting the 
increase in deoxyribonucleic acid had been carried 
for several years before being analysed. Though the 
nature of the environmental stimulus giving rise to 
this alteration cannot be defined, a selection effect 


generation time, could scarcely have competed 
successfully, in the medium employed, with the 
organisms carrying the normal complement. 

We are indebted to Dr. Arline D. Deitch for the 
examination of the preparations treated by the 
Feulgen procedure. This work was supported by 
research ts from the American Oancer Society 
and the National Science Foundation. 
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Plastids of the Avana Coleoptile 
PHOTOTROPIC curvature of the Avena 


may, 
for reasons which have been summarized e hera. 
be mediated through the plastida. ie curva- 


ture may have a similar basis, for it has long been 
thought? that the geotropic responses of both shoots 
and roots are mediated by special starch grains or 
‘statoliths’, and these in fact are plastids in which 
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L From tower af the coleoptile. Basal 
ae fn catotie is toe aoe ee one (x 783) 


relatively large amounts of starch have been di ted. 
It is thus worth considering that the many si ities 
between these two types of tropism may have an 
anatomical basis. For this reason a closer study has 
been made of the ids of the etiolated Avena 
coleoptile. The obeervations have been made with the 
light and ‘phase microscope, utilixmg either freah 
material vitally stained with neotetrazolimm chloride, 
or microtome sections fixed in chrome-acetic-formalin 
and embedded and sectioned in ‘Carbowax’. (We wish 
to thank Prof. R. H. Wetmore and Dr. J. Riopel for 
assistance and for putting at our disposal the newly 
developed ‘Carbowax’ method.) Principal attention 
has been directed to the most apical part of the 
coleoptile. 

Plastide are seen in all cell-layers exoept the inner 
and outer epidermis, which not ‘to contain 
them. Our observations indicate that they are of two 
types. The first do not react with neotetrazolium, 
when fully developed, and contain mamly starch, 
which stains red-brown with iodine. These oocur in 
abundance at the very tip of the coleoptile and also in’ 
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the subepidermal and middle layers around the fibro- 
vascular bundles. Thus these plastids are principally 
located in an arch rising outaide and around the 
bundles; in the lower part of the coleoptile the sides 
of the arch have a thickness of two cells (Fig. 1), while 
the top has many layers. In plants which have been 
held vertical, sectioned under red light; mounted m 
iodine solution, and examined immediately, these 
bodies are found congregated at the basal end of the 
cells (Fig. 1). In planta which had been illuminated 
beforehand the basal arrangement of these plastids 
is not evident. Plastids of this type are without 
doubt identical with the statoliths described by von 
Guttenberg‘ ; Yocum has shown that these bodies 
roll down to rest on the lateral wall shortly after the 
plant has been placed horizontal. In the cells on the 
two sides remote from the bundles, theese plastids 
opour ically and do not take up the charac- 
teristic position. 

The second type occurs in highest concentration 
near the base of the tip portion, close to the apical 
‘termination of the vascular bundles; this point lies 
some 200p below the extreme tip and ðu above the 

uppermost end of the cavity. These plastics vary in 
size from 1 to 4. and often contain a granule, 1—] ðu 
in diameter, which stains strongly with neotetraxolium 
in presence of M/20 succinate or malate (Fig. 2). 
There is reason to identify this granule with the 
prolamellar body of etiolated plastids. Other cells 
contain these plastids in amaller numbers. 

When the plants are illuminated with red light 
(wave- 600 mu and above) for 30 min. or more, 
the is found to have gxpanded into an X or 
lobate form (Fig. 8). This observation parallels that 
of the outgrowth of.the ‘crystalline’ body into the 
lamellated structure of the typical chloroplast, which 
has been several times figured by the electron micro- 
soopista*-* and to establish this type of plastid 
as & pro-chlorop It ia of interest, however, that 
the ‘prolamellar body’ is made evident by ita dehydro- 
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genase activity rather than by any special optical 
ptoperty. It is of still further interest that pre- 
exposure of the coleoptile to red light markedly 
modifies ita subsequent phototropic sensitivity to 
white light!°; such parallelism helps to support the 
concept of a close and causal relation between the 
P ids and phototropic sensitivity. 

research has been supported by grants from 
the American Philosophical Society and the National 
Science Foundation. 
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Anastomoses In the Phycomycetes 


Ir is commonly assumed, either explicitly! or 
implicitly*, that the vegetative mycelium of the 
Phycomycetes is incapable of vegetatively anasto- 
moaing and that this whole class of fungi is thereby 


‘precluded from developing complex fruiting-bodies and 


from undergoing variation by those means, such as 
heterokaryosis, which largely depend on the vegetative 
transfer of nuclei from the cells of one thallus to 
another. 

Buch an assumption is certainly confirmed by an 
examimation of most cultures, but one of us (D. M. G.) 
has occasionally noticed the presence of anastomoses 
in a number of mycelia which, by their completely 
aseptate nature, are certainly those of Phycomycetes. 
Such cultures, isolated from soil in Britain and Aus- 
tralia, have usually been sterile, although one pw- 
duced a few Mortierella sporangia, and the growth 
chatasteristical of the others lead i to belove chat 
they belong to the same genus. Some are charac- 
terized by a normal system of scalariform anasto- 
moses ; but recently an isolate has come to hand in 
which the anastomoses are massive and com; i 
crude, consisting of roughly conical projections, fused 
at their apices, from two adjacent hyphw. In both 
types, extensive protoplasmic flow through mature 
anastomoses and their supporting hyphw has been 
observed. A survey of other genera in the Phyco- 
mycetes, especially in the Aplanatae, and of other 
species of Mortierella, has failed to demonstrate the 
presence of further anastomoses, nor are they men- 
tioned in Turner’s* detailed description of M. 
globulifera. 

This demonstration of the occurrence of anastomoses 
in at least one phyocomycetous genus disrupts one of 
the “boundary conditions describmg the Phyoomy- 
cetes’”!, It is also of interest in the fields of fungal 
variation and plant pathology, for it does not seam 
inconceivable that anastomoses could occur in other 
species under certain conditions, with the consequent 
possibility of heterokaryosis, etc. Such an occur- 
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renos would be particularly difficult to detect in the 
obligate pathogens of the Peronosporales. 
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Occurrence and Function of the Provisional 
Embryonic Cuticle of a Lepidopteran 

THs provisional embryonic cuticle has been 
noticed ın several groups of insects such as Aphidas, 
Orthoptera, Hemiptera, Neuroptera and some types 
of Coleoptera'. It was, therefore, of interest to note 
the presence of the provisional embryonic cuticle in 
the hitherto unreported group of Lepidoptera. 

Various roles have been ascribed to the provisional 
embryonic cuticle. It has been desoribed as acting 
as an “egg burster” by Wigglesworth and Sikes* and 
others. It is also regarded by some as affording 
protection to newly emerged nymphs of grasshoppers 
when the young ones crawl from the buried egg-pods 
to the surface. 

I believe! that the moulting of the provisional 
embryonic cuticle in Looustana pardalina, Tenebrio 
molitor and Dysderous omgulatus (unpublished work) 
is due to developmental causes. Moulting is induced 
in order to synchronize the rate of deposition of 
cuticle with the development of muscle ends, so that a 
proper integration between the muscle and the 
cuticular exoakeleton can take place. The provisional 
cuticle 18 precociously formed, in the sense that it 18 
formed at a time when the muscles ere not in a pos- 
ition to become attached to it by means of tono- 
fibrils. While the other functional mterpretations are 
certainly valid, there is reason for believing that they 
are a. adaptations. 

In Attacus riot (Lepidoptera), the provisional 
embryonic cuticle was first detected histologically 
agd also with the help of histochemical methods at 
about eighty hours before emergence. The second or 
definitive cuticle was secreted soon after the sloughing 
of the provisional embryonic cuticle. A thorough 
examination of the development of skeletal muscles 
showed that the muscle bands were in an early 
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atate of development, mostly in the form of myo- 
blasta at the time of secretion of the provisional 
embryonic outicle. The muscles were well formed 
at the time of the secretion of the definitive cuticle, 
and it is to this cuticle that the muscles could become 
properly attached (Fig. 1). 

he present investigation on d#acus mosni, there- 
fore, confirms the conclusions reached for Looustana, 
Tenebrio and Dysderous. 

It is hoped to publish details elsewhere with Mr. 
Sehani of this Department. Mr. Barkat, of Govern- 
ment Farm, Ranchi, kindly made the eggs available 
for this work. 
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Incorporation of Acetate into Protein by 
Obligately Parasitic and Saprophytic Fungi 


Tua germ tubes of obligate parasites such as the rust 
fungi and powdery mildews fail to grow in the absence 
of host plants. This may be caused by metabolic 
blocks, the general location of which should be revealed 
by stadies on the distribution of radioactive tracer 
among the various broad classes of metabolites. To 
determine if this would be a feasible approach to the 
problem of obligate parasitiam, the assimilation of 
radiocarbon by uredospores of a rust fungus (Uromyoss 
phaseoli (Pers.) Wint.) and conidia of a saprophyte 
Cetus een iegh) was studied to see if any 
important differences in metabolism occurred between 
them. The preliminary experiments reported here 
were made with non-germinated spores, so the meta- 
bolism studied was essentially catabolic in character. 

Spores of the two fungi were compared with reapect 
to their capacities to incorporate the methyl carbon of 
M4CHsCOONs into sugars, ammo-acids, Krebs-cycle 
acids, proteins, nucleic acids, and lpids. Spores of 
each species were incubated with 10 uo. of 4CHsCOONa 
for various time-peri and then killed with boiling 
30 per cent ethanol. Techniques for the separation and 
analysis of the various components have been described 
alsewhere!. 

The results are grven in Table 1 and Fig. 1. The 
principal differences between the two species occurred 
in the total activity incorporated and the patterns of" 


Table 1. DISTRIBUTION OF CaRBON-14 IY AMINO-ACIDS FROM FUNGUS 
SPORRS INCUBATED 10 HR. WITH 10u0. * Na 


Free Protem amino-acids 

Ammo-acid U. phasok A niger U. phassol A. wiger 
Alanine T : 6 6 
Aminobutyrate — — 
‘Arginine 2 0 3 1 
Asparagms 2 0 — — 
Aspartate 18 4 29 B 
Glutamate 20 46 a3 45 
Gintamine 40 29 — — 
Leusines i 19 a 5 
Lysine 1 0 11 11 
Proline Ra = 1 3 
Barme 1 0 6 3 
wine 13 9 0 1 
Total o p-m. par mgm. N 72,000 265,000 25,500 £21,000 

Results are as of total op.m. mgm. protean 

nl lahi was nob found in o methionine 
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labelling of the protein fractions. Conidia of A. niger 
incorporated about 2,000,000 c.p.m. per mgm. of 

tein nitrogen during a 10-hr. period, or 
Sone 10 times the amount of label assimilated by 
uredospores of the bean rust Most of the 
amino-acids in the protein fraction of A. niger became 
labelled in 10 hr. except for oysteme, methionine, 
phenylalanine, histidine, and glycine. Labelling in the 
free amino-acid fraction of this fungus was much more 
restricted, being confined to the leucines, glutamic 
acid, and glutamine. The specific activities of the 
amino-acids in the protein fraction of uredoepores were 
much lower, and label waa not found in valine or the 
leucines in addition to the acids not labelled by 4. niger. 
A larger number of free amino-acids were labelled by 
bean rust spores than by A. niger; but specific activi- 
ties were much lower than those isolated from conidia, 
reflecting low incorporation of exogenous substrate by 
uredogspores. 

‘Thus the rust spores were able to synthesize the same 
amino-acids from acetate as conidia of A. niger, but 
the over-all incorporation of substrate was lower. In 

amino-acids were syntheaized much more 
rapidly by conidia than by uredospores. For example, 
labelled valine was fo in conidia in 2 hr., but did 
not appear in uredospores until 5-10 hr. 

At least two amino-acids labelled by uredospores, 
valine, and leucine(s) were not incorporated into pro- 
tein. This may have arisen fram the fact that the 
papacity of uredospores for moorporating label into 
protein fell rapidly with time. When radioactivity in 


the fractions was plotted against the logarithm 
of time, linear relati ips were obtained for both 
fungus species (Fig. 1). regression equation re- 


lating carbon- 14 assimilated, in terms of o.p.m. x 10° 
per mgm. ee Po eee (L), to time of incubation in 
hr. (t) was found to be 


L == 26 logiot — 0-8 


for the bean rust fungus, with a correlation coefficient 
of +0-975. 
For A. niger the regression equation was found to be: 


L = 220 logiet + 8-7 


with a correlation coefficient of +0-995. Thus it is 
seen that the coefficient relating activity in 
the protein fraction to the logarithm of moubation 


time was 8-6 times higher for A. niger than for U. 
phaseoli, suggesting that failure of the latter species 
to incorporate valine and the leucines may arise from a 
loss of the mechaniam for this incorporation. 

Therefore, amino-acids which require long periods of 
time for synthesis may not become labelled soon enough 
for activity to be incorporated into protein. At least 
5 hr. must elapse before the label can be detected in the 
free leucines isolated from rust spores, by which time 
incorporation of label into protein has fallen to a small 
fraction of the initial rate. The resulta indicate that 
the metabolism of resting uredospores is characterized 
by a rapid loes of ability to incorporate substrates into 
protem, coupled with low utilization of exogenous 
substrate, and a very slow rate of synthesis of some 
important amino-acids. 

This work was supported in part by a grant from 
the Rockefeller Foundation. 


RICHARD C. Sraries 
H. P. Boroasronp 


Boyoe Thampson Institute, 
Yonkers, New York. 
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MICROBIOLOGY 


Adaptive Chain in the Conversion of 
Antimetabolites into Metabolites 

Tas adaptation of micro-organisms' and insecte* 
to antimetabolites used in the control of the latter is 
an important contemporary problem. It has been 
conjectured that a poesible mechanism for such 
adaptation might be: formation of new motabolic 
pathways, creation of inbibitors or enzymes neutral- 
izing antimetabolites, or modification of the 
permeability of structures sensitive towards anti- 
metabolites’. These mechaniems, in so far as they 
concern penicillin, would involve an induced biosyn- 
thesis of penicillinase which suppresses the anti- 
metabolic activity of penicllm, an autotrophic _ 
He thesis of amino-acids the assimilation of which 

milieu is inhibited by penicillin’, or a modific- 
rf of bacterial surface structure’. All or any of 
these mechanisms might make the antimetabolite 
innocuous to the living cell. 

The present investigation was undertaken to 
direct attention to some accessory mechaniams 
subsequent to the adaptation of micro-organisms to 
antimetabolites. 

We established in 1956 (ref. 7) that, for penicillin- 
resistant Staphylococct (not penicillin-dependent), 
benzylpenicillin serves as a growth factor, replacing 
thiamine in a nutrient medium oon nicotinic 
acid? but deficient in thiamine. We found that this 
effect occurs solely with benzylpenicillin and ita 
derivatives, which lack antibacterial activity, benzyl- 
penicillomic and benzy. ilio acids; it does not 
occur with other derivatives of penicillin and similar 
antibiotios*. The effect observed for concen- 
trations of 10-**-10-1! M is of the same order as that 
due to thiamine. A similar growth effect due to 
vitamins was observed only in the case of thiamine 
pyrophosphate, thiamine and biotin. 

These resulte should show whether, as a result of 

ian to there ap & novel 
growth factor, or whether it is con to thiamie 


8 
"r 





10410 10> 10" 10° 10 10-* 10-4 


ml 
1. Growth of Steps. aureus 671, 


d. nutrient modtam eamm containing T-0107 otini 
on a x 
aokii (ref. 8), 2a woll as Kio’ sabatancés named 


or biotin. In order to olarify the mechanism involved, 
the effect of the substances named in Fig. 1 on various 
metabolic processes has been studied. 

With Staphylococes deficient in thiamine and regis- 
tant to pemnicillin!*, it has been established that 
thiamine, penicillin and biotin all activate respiration 


penicilloinic and benzylpenillio acids); see Table 1. 


Table 1 RusPiesTion OF Steph, aureus WITH 0-025 M PYRUVATE 
ce Liceion A Supetkars amp Oo OF SupeTANORS 
TTE 3-5 X 10 AT - 





Penicillm stimulates the respiration of penicillin-. 


resistant tococes. | Thus, if our penicillin- 
resistant strain (Staph. aureus 315) is cultivated on a 


mt with the object of modifying resistance, the 
activating effect of the penicillin on respiration is 
increased about threefold as compared to the initial 
stage. The stimulating affect of penicillin on respira- 
tion is not shown immediately on of 


introduction. 


Nie EL ial poner sapien AA A cr 

In order to study the interaction between penicillin 
and biotm as metabolites for ipillin-resiste nt 
Staphylococot, we have tested the in: ion of the 
carbon fram bicarbonate into the protein mass of 
penicillin-resistant Staphylocoont (Table 2). 
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Conditions were as follows: -2 hr. incubation at 
40°.0. in a medium containmg, in mL: 4 mgm. 
casein hydrolysate-vitamin free; 5 mgm. dipotas- 
sium h; phoephate, 4 mgm. glucose, 0:8 po. 
sodium bicarbonate-“O, niootinio acid, 10° M, 
substances under test at 10" M concentration, 


obtained by culture on nutrient media oontain- 
oe penicillin and the penicillin-resistant strain 

Likewise, we have measured the rate of introduc- 
tion of methionine-“8. Under similar conditions, the 
increased rate of introduction of amino-acid under 
the influence of penicillin was found not to exceed 10 
per cent.’ 

The results obtained indicate that penicillin, 
similar to biotin, activates the fhration of carbon 
dioxide (Wood and Werkman. reaction), forming 


appreciate whether the penicillin is adaptively 
converted into biotin, or whether it acts as a new, 
adaptively formed metabolite synergistic to biotin. 
With resistant strains, the rate of introduction of 
carbon. dioxide into the protein mans is many times 


established by Gale and Rodwell of the amino-acids 


necessary for protein synthesis in the case of peni- 
cillin-resistant Stap 


of riboflavin- 6-chloro-7-methy1-9-(1’-p- 
ribityl)-tsoaloosasin may be adaptively utilized by 
Lactobacillus casei as a metabolite 

These manifestations lead us to believe that they 


are an expression of a more general biological oocur- 
antimetabolites. 

The chain of complete adaptation 

as regards some metabolites may be rendered 

schematically thus : 

antimetabolite — indifferent product + metabolite 


The adaptation of Staphylococes to penicillin 
observed by us embraces 


ptive 
olite converted into a metabolite is launched into a 
diametrically contrary direction, assisting the organ- 


Tablo 2. INTRODUCTION OF TAE CARBON FROM BICARBONATE INTO THE PROTEIN OF Stapkplococol UNDER THE INFLUXROE OF VARIOUS Pictous 
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ination of autotrophic mechanisms which lead to the 
by-peasing of metabolic links affected by penicillin. 
K. I. Marxov 


Department of Micomo og, 
. Sanv 
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A Vacuolar System in Cells of Agrobacterium 
tumefaciens as shown lectron 


Microscopy of Ultra-thin Sections 


Eracrereox microscope studies of ultra-thin sections 
of the oells of several species of becteria made by 
different workers have shown a regular structural 
pattern which oan be summarized as follows: a 
definite ceil wall, a cytoplasmic membrane (Ohap- 
man), a granular cytoplasm with one or more round, 
aad inckosions called chondrioids (Kellenberger et 

al.*), and a more or leas central core which is irregular 
in shape and low in density to the electron beam. 
Comparative studies of stained preparations with the 
light microscope have led various workers to associate 
this oore with nuclear structures, and it has been called 
vesicular nucleus, kernvacuole, kernAquivalent, nuole- 
oide, nuclear sites, and nuclear apparatus. Retiou- 
lated structures within this oore have been considered 
to be nuclear material, deoxyribonucleic acid or even 
chromosomes. s 

-Cella of Agrobacterium iumafaoisns grown on 
nutrient agar slants for 48 hr. were fixed in potassium 
a pee sith moorparated into agar blocks, and 

in methacrylate. Ultra-thin sections were 
out with a diamond knife and photographed in the 
R.C.A. HMU8B electron microscope. In the micro- 
graphs we have obtained, we have observed some of 
the structurea described above (Fig. 1). However, 
after removal of the methacrylate with benzene, 
followed by shadow-casting with palladium, the 
central oore of low electron density is obeerved as a 
vacuole crossed by a few strands and with some dense 
granules poraa from the cytoplasm into it 
(Fig. 2). Structures that could represent a vacuolar 
membrane have not been observed. 

The presence of a vacuolar system had been 
observed in other bacteria: Houwink* showed in 
Halobacterium halobium a complex vacuolar system 
not related with the nucleus; and Knaysit working 





Fig. 1. 
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with Mycobacterium stated that ‘‘the 
destructive effect of acid hydrolysis ... is attributed 
to the presence of vacuoles in the oslis of this organ- 
ism”. The empty vacuoles revealed in our work 
do not seem to correspond to regions with ap 

ciable concentration of deoxyribonucleio soid. Alas 
the absence of a definite membrane limiting 
these vacuoles, as Birch-Andersen and Maalge* 
pointed out, gives evidence that the vacuoles with 
their contents are structures not related with distinct 
nuclei which are erally separated from the rest 
of the oell, but probably correspond to the vacuolar 

found in many other vegetative oella. 

The work of Knaysi* on Bacillus cereus, in which 
he observed the division and fusion of dense granules, 
indicates that the nuclear sites correspond to areas 
denser than the cytoplasm, and that some of the so- 
called cytoplasmio inclusions could be the real sites 
of the nuclei. Preusser’, studying ultra-thin sections 
of Escherichia coli, stated that the zones of low 
electron. density within the bacterial cells are products 
of cellular metabolism and are not comperable with 
the nuolei of higher organisms. On the other hand, 
the correspondence observed between the light areas, 
in electron micrographs of ultra-thin sections and thé 
stained nuclear material observed in the light micro- 
scope is probably due to the fact that the whole 
thickness of the bacterial cell is in focus in the light 





Cells fixed, embedded and sectioned as in Fig. 1, Pager 
section t with 


shadow-oas 
(x $4,700) 
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microscope, having been flattened by fication: or 
drying. It is, therefore, impossible to be certain 
whether the stained matter which appears within 
the lighter areas is actually within them or is within 
the cytoplaam above or below the vacuolea and 
appears superimposed on them. In any event, the 
vacuoles observed as clear areas in ultra-thin sections 
do not correspond to any of the nuclear systems 
we know at present. In micro-organisms where the 
logation of the real nucleus is known (for example, 
yeast cells) one notes that the nuclei are not in 
vacuoles but are embedded in the cytoplasm. 

Although only 48-hr. cultures were included in the 
present work, and although there may be variation 
between species, we are of the opmion that the central 
core or zone of low electron density i in A. tumefaciens 
represents a vacuolar system and is probably not the 
site of the bacterial nucleus or nuclear equivalent. 

The work reported here was supported in part by a 
grant to the senior author from the Cancer Research 
Funds of the University of California while he was a 
visiting scientist in the Department of Plant Patho- 
logy, University of California, Riverside. We wish 
to acknowledge this support and also the technical 

- assistance of Mr. Philip Dempster. 
Micuat Rvusio-Humeros 
Instituto “Jaime Ferran” de Microbiologia, 
Madrid. 
Paor R. DESJARDINS 
Department of Plant Pathology, 
Citrus Experiment Station, 
University of California, 
Riverside, California. 
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Capacity of Extracts from Prestarved 
Escherichia coll to Incorporate A i 
° into Deauyrlbonuctele Aci 


‘Taa ability of a polyauxotroph, Mechertchia colt 
strain’ 157. (655-7), to synthesize deoxyribonuoleic 
acid is temporarily lost following a period of inouba- 
tion in a minimal esalte-glucose medium containing 
thymine but no added amino-scids'*. Moreover, 
when the starved cells are returned to a medium 
supplemented with amino-acid, a lag in synthesis of 
deoxyribonucleic acid is observed**. The restoration 
of an active deoxyribonucleic acid synthesizing 
system in these cells can be prevented by continued 
suppreasion of protein synthesis with chlorampheni- 
col? or by exposure to X-rays’. One possible mechan- 


ism oonsidered was that the enzyme or enzymes _ 


involved in deoxyribonucleic acid sytithesia, are lost 


or destroyed during the starvation period and that - 


chloramphenicol and X-ray exposure prevent re: 
synthesis or reactivation of theee com tets, 

In a study of incorporation of thymidine labelled 
with - tritimm into deoxyribonucleic acid I have 
determined that polymerase and the kinases’ respon- 
sible for phosphorylation of thymidine are present 
in the starved oell. 

The extracts tested were obtained fram ocelle 
broken in a French preasure cell. Intact cells and 
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~ debris were pelleted by centrifugation at 10,000g for 


20 min. Lees than 10 colony-forming cells per mgm. 
protein were found in thé extracta so obtained. The 
procedure for studying thymidine moorporation into 
deoxyribonucleic acid. was a modified version of 
that used by Kornberg and collaborato re',*. 
ments 1 and 2 were conducted with batches of cells 
obtained from independent inocyla. .In the third 
se half an actively i log-phase 
ture was used for preparation of the log-phase 
cell extract and the remaining portion put into medium 
deficient in amino-acid following esting and 
washing for preparation of the appropriate starved 
cell extract. Thus, in the latter experiment both 
cell suspensions were derived from the same culture 
batoh. Ak can be seen in Table 1, the multi-enzyme 
system needed for thymidine imoorporation was 
present in extracts obtained either fram log-phase 
cells or cells which had been incubated for 90 min. 
at 37° ©. in minimal medium supplemented with 
thymine but lacking the required amino-acids 
arginine, tryptophan and methionine (‘starved 
cells’). These reaults are in contrast to the impaired 
in vivo deoxyribonucleic acid synthesizing capacity 
of the starved cells. I am in the poesi 
bility that thymidine incorporation in. the abeenoo o of 
net deoxyribonucleic acid synthesis may occur in 
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haat dho thymine wa belay koepon into 
the deoxyribonucleic acid by the multi-enzsyme 
ion from starved .cells was shown by the 
alkali-resistant portion of the cold-acid insoluble 
material. It is poasible that formation of one or more 
of the necessary deoxyribanucleoctides may be blocked 
in the starved cells. Gros and Gros working with 
other strains of W. coli requiring amino-acid reported 
the unimpaired of amino-acid starved cells 
to form mononucleotides!. Whether this is true for 
the deoxyribotides remains to be determined. How- 
ever, if the presence of thymidine phosphorylating 
enzymes is indicative of the presence of all enzymes 
involved in forming the triphosphorylated deoxy- 
riboside substrates necessary for deoxyribonucleic 
acid synthesis, then I must look elsewhere to explain 
the discrepancy between the in vico and in vitro 
studies. The possibility of an accumulation of 
inhibitors during amino-acid deficient growth must 
be cansidered. Perhaps there is an unstable protein 
needed õn vwo to convert non-priming deoxyribo- 
nucleic acid into an active primer. In this work 
the extracta from both normal and starved cells 
were found to contain deoxyribonucleic acid capable 
of serving as primer (Table 1). This may not reflect 
the true in vivo situation since deoxyribonucleases 
and ly other enzymes may be activated follow- 
ng Eo Mi oala 
is work is continuing and will be published in 
more detail elsewhere. 
Dara. Brute 
Section of Microbiology, 
Department of Biology, 
University of Texas M. D. Anderson Hospital 
and Tumor Institute, ' 
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Effect of the Peritoneal Fluid of the Guinea 
' Pig on Strains of Enteric: Badilli 


ALTHOUGH the complement-dependent bactericidal 


of Gram- -negative enteric bacilli isolated from patiente’ 
blood or from burns are ordinarily resistant to this 

4,5, When equal numbers of a strain of E. coli 
resistant to this bactericidal effect and of one sensitive 
to it are injected into a rabbit, both strains ordinarily 
can be cultured from the blood stream 24 hr. following 
injection; but organiams from the resistant strain are 
10-20 times more numerous‘. ‘There have been 
reports that strains of enteric bacilli reaistant to the 
aotion of the complement-dependent system are more 
virulent for the mouse than are sensitive straing’.®. 
Such observations lead to the belief. that bacterial 
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strains sensitive to the action of this system are leas 
likely to cause or maintain an infection than are 
resistant strains. 

During the work on the bactericidal properties of 
human serum, it was noted that pleural or peritoneal 
transudates from petients with heart failure were 
active against strains sensitive to serum. This activity 
was considerably lees than that of serum and could be 
destroyed by heating the transudates at 56° for 
30 min. 

One method of assessing the role of the complement- 
dependent system of peritoneal fluid appeared to be 
the intraperitoneal implantation of chambers oon- 
taining sensitive and resistant bacterial strains. These 
chambers were designed to be permeable to body fluids 
but not to or mammalian cells*. The degree 
of sensitivity of strains to normal guinee pig and human 
sera was measured initially by determining the decrease 
in viable count following exposure of known numbers 
of bacteria to undiluted serum for 2 hr. at 87°. 
None of these bacterial strains was killed by heat- 
inactivated serum. The thirteen strains of enteric 
bacilli listed m Table 1 were used. Two sensitive 
strains and two reaistant strains were ordinarily used 
as inocula in the four chambers inserted in each guinea 


strain in toneal chambers 
Guinea pig Human No. times grow/No. trials 

Klebeialla 15 180 x 10% 100 x 10% ors 
anes 141 110 x 10° 110 x 10° ojt 

AQ 170 x 10° 170 x 10°. ofa 

128 H0 x 104 240 x 10t 1/4 

Al4 170 x1% 170 x 108 o3 

192 168 x 10° 168 x 10 his 

31 200 x 10° 200 x 10% 

4% 1,500 00 1/3 

108 140 0 14/15 

418 28 143 as 

E Hs 

Ax 19 0 3/73 


Drum-shaped chambers about 6 mm. deep and 18 
mm. in diameter were constructed from lengths of 
on’ tubing, the ends of which were covered with 
re’ membranes having a pore diameter of 0-45. 
(ref. 9). ‘Plexiglass’ dissolved in ethylene dichloride 
was used as adhesive. The ’ membranes 
were autoclaved and the tubing boiled for 5 min. 
before the membranes were attached aseptically. Two 
No. 26 bypodermic needles were inserted through the 
wall of each chamber. One served as an outlet for 
air. Usually about 1,000 organisms suspended in 
payin ical saline were injected through the other. 
needle holes were sealed with a heated glass rod. 
Inocula up to 14,000 organisms were used in some 
experiments; but in any given experiment the num- 
bers were approximately equal. Four of the chambers 
were then inserted into the peritoneal cavity of a guinea 
pig. These were removed at 48 or 72 hr. and the 
number of bacteria in each chamber determined by 
viable count.* Sterility check on the membranes of 
the chambers at imsertion and on removal showed 
no contamination, and no leakage. 

Fluid from the chambers was examined by paper 
electrophoresis and the major serum fractions were 
present 24 hr. after the insertion. At 48 hr. the con- 
centration of these fractions as estimated by their 
electrophoretic curves was about 60 per cent of that of 
guinea pig serum. Specimens from 40 chambers 
were examined by phase microscopy, and no mam- 
malan cells were seen. 
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In every instance except two, E Bs ? 
chambers either were bacteriologically sterile dr: ~- 


ahowed a multiplication of the original inoculym to- ` 


1 x 10 to 1 x 10° organisms per chamber.~.In the: 


bwo exceptions, the count had been reduced tò lees 
than fifty and these two instances are considered in 
the same category as the sterile-ones 
Table 1 lists the strains m their order of sensitivity 
to guinea pig serum tn vitro. The numbers represent 
the maximum number of each strain killed by 1 ml. of 
undiluted serum. Close relationship between sensi- 
tivity in vitro to human serum and to guinee pig seram 
ose t. A similar relationship between ivity 
uman serum -and rabbit serum has been shown® 
aed lead Kos to beller that rala “er, eat: 
ments in one species msy have implications for other 


species. : - 

The column on the right in Table 1 shows the fate of 
the strains m the chambers. The very sensitive strains 
were killed whereas the most resistant strains usually 
multiplied. Strains. of intermediate sensitivity multi- 
plied m some instances but were killed in others. Ifa 
strain of intermediate sensitivity multiplied, it did so 
to the same extent as did resistant strains in-the same 
animal. i 

These data serve to strengthen the belief that the: 
complement-dependent bactericidal system ' is of 
importance in limiting the number of bacterial strains 
capable of surviving in tissue fluids #n vivo. 

This work was supported by grants from the Lederle 
Medical Faculty Award and U.S. Public Health 
Service (#2755). 

R. J. Roantaws 
L. R. Cori 


Department of Medical Microbiology, 
Stanford University School of. 
Medicine, 
Stanford, California. 
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SOIL SCIENCE 


Domain or Turbostratic Structure of Clays 


Ir has been realized for some time that plate- 
shaped clay particles on drying tend to take up a 
parallel orientation with respect to one another. 
Further, Terzaghi! hag indicated that groupe of 
parallel particles behave aa a single particle in sgus- 
pension and has referred to theese groupe as ‘olay 
clusters’. Aylmore and Quirk?, m endeavouring to 
interpret the swelling of clay-water systems, have 
defined a ‘domain’ as a parallel arrangement of 
crystals. Coal research workers? have referred to a 
similar type of organization as ‘turbostratic groups’ 

amoe the elementary particles are arranged - in a 
parallel fashion’ in groups and these groups are 
arranged in turbulent array. The present communica. 
tion presenta eviderice for the nature of a domain and 
discusses the consequence of domain formation in 
swelling phenomena of clays. . 
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Aro plate shaped the Kelvi aylindrioal : 
as oryntal separations 


An Mite clay from the hundred of Willalooka in 
South Australia was seturated with sodium and 
oE ihe by repeated washing with & molar solution 
of appropriate cation. The clay waa dialysed 

aeuisiek distilled water. dried and ground to powder 
Tah vas dies lie os ori le ium with 
a relative vapour preasure of 0-96 before being oom- 
preased into cores’. These cores were wet up to pF 2 
and dried in stages to complete desiccation over 
phosphorus pentoxide. Water and nitrogen isotherms 
were obtained using these cores. This illite, although 
low in (potassium oxide, 4 per oent), gives 
no evidence of interstratifioation. - 

A complete adsorption—desorption isotherm “of, 
nitrogen was obtained at 78° K. The surface area 
of the clay caloulated by the B.E.T. ‘method was 
150 m.*/gm. In Fig. `l a plot of dV-/d(p/p,) against 
pip, is shown together with a scele to relate values 
of p/p, to the Kelvin cylindrical pore radius. The 
clay cores have a porosity of 18-8 0.0./100" gm. and 
at pip, — 0:80, 18-6 0.0./100 gm. of pores are filled, 
indicating that. almos} the entire porosity is oon- 
tained in pores leas than 42 A. Kelvin radius. Since 
the plates of this mineral are 700 A. ‘acroms and this 

is large with the plate separation, the 
paloulated Kelvin E REE A more properly 
be regarded as a measure of the plate separation. 
The pore peak in Fig. 1 shows that the clay. mass - 


-can be-regarded as a series of parallel orystals, the 
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2. Eltron micrograph of the facture surface of Wilalooks 
core obtained umng a replica techn Arrows indicate 
the direction of uranium sha 


separation of which varies between 10 and 30A. 
although closer approach may ocour at a few points. 
This indicates that the pore space of this material 
is almost exclusively within domains, that is, there is 
very little interdomain porosity. An electron micro- 
graph of a shadowed replica of the fracture surface 
of a dry olay core reveals the parallel arrangement of 
the clay particles and also indicates that there is 
considerable distortion of the crystals and domam 
structures undoubtedly caused by stresses set up m 
drying (Fig. 2). 

In Figs. 8 and 4 the solution content—energy curves 
for sodium and calcium Willslooka illite at varying 
sodium chloride and calcium chloride concentrations 


uli 
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are shown! Since the olay is largely organized on a 
“domain basis ıb a permissible to divide the 
solution content by the specrfic surface area to obtain 


-a first approximation for the film thickness on the 


clay surface. When this is done, good agreament 
between Schofield’s theory based on the Gouy-— 

diffuse double layer and the experimental 
values for sodium-ilhte are found for 10-1, 10-? and 
10+ M sodium chloride concentration. 

The remarkable insensitivity of the swelling of the 
calcium illite to oalo1um chloride concentration and 
the appreciable hysteresis in the water content suction 
curves indicates the non-applicability of diffuse 
double layer theory to the swelling of this material. 

The explanation of the film thickness at pF 1 of 
30 Å. even for distilled water and the presence of 
hysteresis lies in the existence of a potential barrier 
at a plate separation of < 60 Å. and the formation 
of a gel structure as the result of the relaxation of 
strains when sufficient liquid is present m the clay 
matrix. The limited swelling cannot be ascribed to 
cementing materials ; when the sodium illite, swollen 
in distilled water, is converted to a calcium illite and 
dried, identical swelling behaviour to the calomm 
illite prepared directly trom the natural material is 
observed. MacEwan‘ has suggested that coulombic 
attractive forces exist up to plate separations of 80 À., 
at which separation he envisaged the formation of 
separate double layers by each particle. It seems 
reasonable to conclude that calcium ilite does not 
overcome this barrier, and that for sodium illite the 
barrier is overcome, giving rise to high solution con- 
tents which are dependent on the sodium chloride 
concentration. The similarity of this bebaviour to 
that of sodium and calcium montmorillonite’ 1 
striking and supporte the suggestion that a domain 
structure in some respecte resembles a montmorillon- 
ite orystal. It is also important to note that on heat- 
ing to 400° O. the sodium illite swells very little but 
still retains ita exchange capacity of 0-41 m.equiv /gm. 

One difficulty in interpreting the water content of 
a clay in terms of the film thickness developed by 
the olay particle is that, on wetting, relaxation of 
strams* leads to the formation of a gel structure 80 
that it is difficult to separate that water which is 


80 
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8o0lntion content (0.0./100 gm.) 





10 





1 2 3 4 5 


pF 


Pg t Balotion content-energy curve for calcium Wallalooks 
e at various electrolyte concantrations (caketum oblorids) 
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directly associated with the olay surfaces from water 
which is simply enmeshed within the gel struoture. 
Enmeshed water osn be regarded in the following 
way. When a rigid porous material initially filled 
with liquid dries out under a falling vapour pressure, 

pores (capillaries) of particular dimensions will empty 
ab a particular vapour pressure. The remaining liquid 
is held under a hydrostatic suction which is trans- 

mitted to the walls but, as each pore empties, stresses 
on the walls due to this cause will fall to zero. If, 
however, the material is easily deformed, the suction 
in the liquid will cause a reduction in the size of the 
pore, and evaporation will be delayed until a lower 
vapour pressure is reached, by which time the suction 
has increased. The mechanism has been 
postulated by Barkas’ for wood-gels, but is clearly 
applicable to the interpretation of gel structures and 
hysteresea in clay—water systems. 

In conclusion, it is necessary to comment on two 
recent papers which have overlooked, wholly or in 
part, suggestions put forward at an earlier date by 
us. Greacen*, in discussing the swelling of calcium 
montmorillonite m terms of the critical voids ratio 
line, has used a surface area of 800 m.*/gm. and has 
not adequately taken mto account the presence of a 
gel structure. Blackmore and Warkentin’ have also 
claimed that their results support the emstence of 
diffuse double layers on the external surface of 
montmorillonite crystals. However, they too have 
not considered the posmbility that much of the water 
retained by their clay was enmeshed in a gel structure. 
Further, Norrish!* and also Blackmore and War- 
kentm’ have noted a collapse of swollen crystals or 
a oondensation of elementary silicate sheets of 
sodium montmorillonite to give a 19A. spacing in 
the presence of dilute calcium chloride solutions. This 
situation indicates that attractive forces in calcium 
olay systems must be such that diffuse double layers 
do not readily form. 

The results discussed here, and those obtained for 
kaolinites and montmorillonites which will be 
presented. elsewhere's,44, indicate that diffuse double- 
layer formation is not of any great significance for 
the swelling of calcium clays. Diffuse double layers 
may exist for crystals of calcium clays in a suspension, 
but this is doubtful in view of the negative adsorption 
meulta obtained for an illite”, 

We are indebted to Mr. D. M. Hall, of the Depart- 
ment of Smentific and Industrial Research Dominion 
Physical Laboratory, for obtaining the electron 
micrograph. 

L. A. G. AYLMORE 
J. P. Qurex 
Department of Agnoultural Chemistry, 
Waite Agricultural Research Institute, 
University of Adelaide. 


1 Terzaghi, K., Geoteckaique, 6, 101 (1056). 

* Aylmore, L., A. G, and Quirk, J. P., Waters, 188, 1762 (1959). 

* Biscos, J., and Warren, B. H, J. App. Phye., 13, 864 (1042). 

* MacEwan, D. W. O., Waturs, 168, 935 (1948). « 

* Norrish, K., and Quirk, J. P., Nature, 173, 225 (1064). 

‘Tersaght, K., Trans. Fsb Int. Oongr. Soil SoL, 4, 127 (1027). 
econ W., “The Swelling of Wood under Stross” GLALS 0, 


*Greacen, H. L., Netwre, 184, 1005 (1050). 

* Blackmore, A. V., and Warkentin, B. P., Natures, 198, 823 (1900). 

1 Normah, E., Diss. Ferad, Soe., 18, 120 (1054). 

"efor and Ayimore L. A. G., Seventh Congr, Int. Soll Science 
Sorgen 


Ayimore, L. A. G., and Quirk, J. P., Ninth Natonal Clay Cont., 
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Polyphenol Oxidase Activity of Nicotiana 
glutinosa Leaves infected with Tobacco 
Mosaic Virus 


ee ee on the leaves 
of Nicotiana glutinosa L ected with tobacco 
mosaio virus, but not before, the respiration-rate 
increased!. The same phenomenon was obperved on 
some other host—virus combinations which produced 
local necrotic lesions’. In these cases, it seems that 
the increased rate of respiretion varies with various 
develo ‘stages of the necrotic lesions, namely, 
with of brownish discoloration of leaf tissue 
due to the virus infection. When, the tissues of the 
tobacco plant are injured, the polyphenol substances 
are oxidized and then polymerized by polyphenol 
oxidase*. Therefore the polyphenol oxidase activity 
of leaves bearmg necrotic lesions has been compared 
with that of healthy leaves. 

The half-leaves of N. glutinosa planta were inocu- 
lated mechanoally with tobacoo mosaic virus and 
healthy control halves were treated with healthy 
tobacco leaf sap. Local lesions became visible the 
second day after inoculation at 20° O. Leaves were 
harvested on the day following inoculation ; when no 
lesions appeared, tho second and the third day after 
inoculation. Polyphenol oxidase activity was meas- 
ured in crude enzyme preparations: acetone powder 
prepared from healthy and infected half-leaves, by 
the use of Warburg respirometer. The resulte are 
Ghia ee ee ee eet 
(8 dissolving in solution containing 0-08 
pliceshate buffer, pH 7-0, and 0:2 M sucrope) on 
addition of catechol (0:05 M) as a substrate at the 
rate of once an hour and once every 2 hr. m the 
case of gallic acid (0-05 M). These values have been 
corrected for autoxidation values and resent 
the meen value of several experiments. 
consumption in each experiment varied so much 
according to the leaves chosen or preparative proce- 
dure of acetone powder that the standard error of the 
difference between the values for healthy and infected 
leaves was calculated (Table 1). 














Table 1. POLYPHENOL OXIDASE Aonivrry O . @utinoes HALT- 
LMAYES INOCULATED WITH TOBLOOO MOSAIO yma "AXD or Huairuy 
HALVES 

| | 
Role puseel exter No. of 
activity determ- 
Infected ealthy | Inf. any gE. | nations 
substrate 
312 | 108 +l 5° 
38-5 1-44 +129 6 
43 9 180 +6 00 6 
153 0 70 +4818 | 5 
144 121 +2 90 6 
126 2-15 +38 -66 6 














As shown in Table 1, a considerable increase in 
activity of polyphenol oxidase was found the third 
day after mooulation by using either catechol or 
gallic acid as substrate. In contrast, there was no 
increase in the activity on the day following inocula- 
tion, having no visible lesions, on either substrate. 
On the second day, when faint black spots had 
become visible, the ratio of the activity between 
infected and healthy was 1-44 by using catechol 
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as substrate, and ite difference was highly significant, 
ee ene ee ee 
een ae although the 
ratio ia 1-21. i 


oxygen. 
in cellular respiration of N. giutinosa leaves. The 
findings, however, that no increase in the activity is 
detected on the following day after incculkiion and 
the increased rate of the third day is higher than 
that of the second day were apparently consistent 
with the results obtained by Yamaguchi and Hirai in 
the respiration measurement of N. giutinosa leaf 
disks ‘infected with the same virus. Recently, 
Solymosy et al.’ offered clear-cut evidence that the 
stimulated activity of phenol oxidase was the immedi- 
s cause of lesion formation, by 
of administration of co 
quinones or inhibiting lesion formation. This sesme to 
explain the biochemical mechaniam of lesion forma- 
tion. We cannot explain, however, the cause of the 
iam between i 


increaped oxygen 
in infected leaf disks and increased po ol 
i i ing lesion development. This 
raises the problem of the nature of terminal oxidase 
in infested tissues 


We are indebted to Prof. Tokuzo Hirai for valuable ` 


discussions. 


1 Owen, P. 0., Ana. A Hia., 198 (1958). Yamaguchi, and 
s T aa tet e. i 


+ vamagustl, A, Virogy, 10, 187 (1000). 
* BT a ne) Shtroya, T., and Hattori, S., Physiol. Plaxterum, 8, 


‘Bonner, tm, W. D., Ana. Res. Pitia “8, 427 (1 
a 


G. L, and Fabra, 6 si Saiyo. 
NRE a 


, Z., and Far 
F. Farias, G- G-L, and Rink 
L, and Abe 
Now York, 1960 

Direct Infra-Red S Analysis of 
the Cucumber Mosalc Virus Infection 
° Process 

Inyna-BaD spectroscopy may provide a means of 
following biochemical changes which oocur in tissues 


A inoculated 
planie woro ald in a growth chambar with a 16s 
y at 28° O. and an 8-hr. night at 20°C. 


per-punch and 
then placed in contact with the ep is. The tape 
was peeled from the yil tissue carrying an 
intact epidermal layer covermg the -out area. 


ay oes of about 20-80 per cent humidity 

were analysed 24-48 hr. later with a Perkin 
Winer ne model 21 infra-red spectrophotometer. The 
spectrum of a normal lower epidermis from a cucum- 
against air in the reference 








1 2 8 4 & 6 7 8 9 10 11 12 18 14 18 
Wave-tength (w) 


Infra-red transmission normal eacumber 
ia Ieee mtu. vaya Mngt of pda poaka ar 


_ The analytical method used for detecting virus- 


Bf all wave launky Bent bop ini Tis e pe 
was adjusted to near mid-scale on the chart 80 
that induced excesses and deficiencies could ‘be 
recorded as deviations from the I, (base line) of the 


from I in terms of percentage of 
of the normal tingue. Each of the infected tissues 
was compared with each of the normal tissues collected. 
at the same time. The recorded 


by degradative reactions. Translocation 
of car iden and possibly amino-acids, purines 
and to the halophytic epidermal cells 


ae ae. The spectrophotometric changes 


1080 











the course of an mfection represent 
the resultant effecta that all the above processes 


observed. 


have in adding to or decreasing the total number 
of chemical bonds that are responsible for absorption 
at each wave-length. 

Increased spectral absorption in the infected tissues 
reflects an increased socumulation of certain chemical 
. bonds that may be the result of moreased trans- 
location or of synthesis. A decreased spectral absorp- 
tion in the infected tissues reflects loages of certain 
chemical bonds probably as a result of degradation 
pia ‘or perhaps by translocation. 

The peptide linkage is known to give rise to strong 
a&beorption bands at 6-1 and 6-5y (ref. 1). Because 
increased abgorption at 6-54 did not occur until the 


absorption at this wave-length continued to increase 
on the fourth and fifth days, but fell to a lower level 
on the sixth and seventh days. It is probable that 
Ae ee ee ee 
increase in 

Nudleio aaide and proteins both absorb strongly in 
the 3- and 6-p ranges. It is possible that the absorp- 
tion seen at these wave-lengths on the second day 
is caused by increases in nucleic acids. Nucleic acids 
also absorb strongly in the 9-9-5u range’. On the 
second day there is a slight excess in this spectral 
region. On the third, fourth and fifth days marked 
deficiencies occur in this range and then on the sixth 
and seventh days excessive a occurs again. 
It is interesting to note that the absorption in the 
to vary inversely with the 
suggest that a cyclic 
variation has occurred in which nucleic acids build 
up and then fall during a period in which 
proteins are increased. Then when protein-levels 
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fall on the sixth and seventh days nucleic acid-levels 
Tise. 

The relation of nucleic acid to protem eynthesia 
is not well understood 


of protem, ribonucleic acid and deoxyribonucleic acid 


occurs in a logarithmically growing tion of 
bacterial cells. However, at the time of inocula- 





sad Volkm‘ have shown with tracer studies that a 
burst of synthesis of ribonucleic acid occurs before 
the formation of virus proteina. ` It is postulated that 
the of ribonucleic acid is a necessary pre- 
requisite for the formation of the proteins essential to 
virus formation. 

The results ii Fig. 2 suggest that other reactions 
are occurring, PGE a eee 
present time to postulate these. Experiments are 
now in progress in which this type of analysis 1s 
being applied to the study of the cerliest detectable 
events m the mfection procese. 

The work reported m this communication was 

in pert, by research grant No. a 80 
Proj. 8 from the United States Atomio Energy 
on. , 





G. W. Cocuran 
G. W. Wax 
J. L. Cares Tar 


Department of Botany and Plant Pathology, 
Utah State University, 
- Logan, 
Utah. 
1 Bloat, H. B., and Mollors, B. O., Solence, 110, 187 (1049). 
"Fraser, B. D. B., and Obayen, J., Bey. Coll Res., 8, 402 (1082), 


* Kornberg, À, “Rev. Mod. Phys.’’, 31, 200 (1059). 
4 Astrachan. L , and Volkin, H., Bwokim. Biophys. Acta, 39, 536 (1058). 


Site and Nature of Adenovirus Nucleic 


Tas effects of specific nuclease digestion on the 
morphology of the Rous virus, as observed with the 
electron microscope, established recently that this 
agents nucleoid contained a substantial amount of 
ribonucleic acid'*; the type of nucleio acid was 
confirmed at the same time by cytochemical 
studice*. 

Similar methods have now been used with type 5 
adenovirus. The virus was grown in Hela ocell» 
cultures*, and particles were isolated from them by a 


for the work and were first sectioned for electron 
arbre td in order to check their homogeneity‘. 
Biological testa were combined with these i- 
enia andl served to tpdiehte the viel nature of the 
particles’. 

Thereafter, other samples of pelleta containing the 


virus were treated with ee foll firation 
with potassium , & fixative wn to 
permit Sees ec colds a 


enzymes’. .The nucleases were applied in many ways ; 
but specific changes in virus morphology were only 


no 4742 September 17,1960 NATURE 





phs of thin sections of 


Figs. 1-3. Hlectron i“ ma 
Bias Sor Various Ways. particles 
we ae toa E inonhan at IT oui mm buffee, 
, containing cant aleohol, show some 
fy examples . X 75,000 
Fig 1. Control pertucles given a inenbetion In $0 per onb 
containmg 0 M obloride; the 
nucleoids are 
had tor uckaso at pH 7 


Pas With Gooey Domaine (L mL) 
0 O03 Mf magnastam chide ein 30 per oemi alobal, daring a 
observed after üs following procedure. Samples of 
virus fixed in iced permanganate were placed in 
cent alcohol and brought to room tempers- 


ided 80 
ture ; were then moubated for 2 hr. at 37° C. 
in Mi is veronal buffer at pH 9 containing 80 


*per cent aloohol. After this the samples were divided 
mto three groupe and were incubated again in 30 
per cant aloohol containing respectively 1 mgm. per 
ml. ribonuclease at pH 7, the same quantity of 
deoxyribonuclease together with magnesium chloride 
at a concentration of 0-003 M or, as a control, a similar 
concentration of the salt but no enxyme. At the end 
of this second moubation all the samples were dehy- 
drated, embedded in n-butyl methacrylate and 
sectioned for electron microscopy. 

Exposure to the alkaline buffer caused some degree 
of non-specific swelling of all particles as compared 
with examples prepared directly, while m the control 
preparations treated with enzyme-free medium 
after the buffer, no other structural change was seen 
(Fig. 1). A similar lack of change was found in 
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particles treated with ribonuclease during the second 
meoubetion, the density of the nucleoids being well 
preserved (Fug. 2). In marked contrast, the nucleoids 
were digested from particles moubated with deoxy- 
ribonuclease after alkaline buffer (Fig. 8). The effect 
of the buffer was probably to degrade the outer 
coat of the particles in the manner already reported 
for mild alkalis'.*, so allowing penetration 
by 
These results demonstrate that the adenovirus 
contains much deoxyribonucleic acid, thus sub- 
stantiating earlier inferential evidence’*, and also 
establish the location of this material in the nucleoid. 
A full account of this work will be given elsewhere! 
together with the confirmatory resulta of concomrtant 
fluorescence microscopy tests for nucleic acids), 
M. A. EP8STAIN 
8. J. Hour 
Bland Sutton Institute of Pathology and 
Courtauld Institute of Bi 
Middlesex Hospital Medical School, London, Wl. 
1 Bpstein, M, À., Nature, 181, 1808 (1988). 
* Bipstain, M A., and Holt, 8. J., Brit. J. Cancer, 18, 363 (1058). 
Ce ee and Kelly, B., J. Gen, Microbiol., 17, 517 (1057). 
Bender, O. H., and Parkinson, M. O., Trens. N.Y. 
eoa Sot is, 701 (1984). 
* Hpstein, M. A., Brit. J. Bap. Paik., 30, 436 (1058). 
* Hpstein, W. A., and Powell, A. K, Brit, J. Hap. Path. (in the prees). 
1 Luft, J. HL, J. Bropkye. Biochem. Cytol., 8, 700 (1058). 
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ARCHÆOLOGY 


The Enkoml Silver Cup 


In Nature of May 28, p. 676, reference is made 
to a nielloed silver cup of 1400 3.0. fram Enkomi, 
Cyprus. To encounter a nielloed article of such an 
early date would indeed be a discovery of importance, 
since, so far as we are aware, no one has ved the 
use of niello as a means of decoration before thd 
second century a.D. (ref. 1). There 1s, however, no 
evidence for the presence of niello on this cup, as we 
were able to demonstrate at the timp the cup was 
being restored. The paper deeling with this* shows 
clearly that the only basis the author had for assuming 
the powdery material surrounding the gold orna- 
mentation to be niello was that it was black. 

It will be apparent, therefore, that the Enkomi 
cup should be made available for further scientific 
study ; but in the meantime we should like to point 
out that the only conclusion that can be arrived at 
from the evidence reported in the paper’ is that the 
Enkomi silverecup was inlaid not with niello, but 
with copper. It is pertinent to remark that, when 
last seen by us, the handle of the cup still retained 
some. of ita copper inlay. 

G. F. CLABINGBULL 
A. A. Moss 
British Museum (Natural History), 
London, 8.W.7. July 4. 


1 Moss, A. À., J. Int. Inet. Presers. Museum Objecis, 1, 40 (1053). 
= Piondedelih, Coane ee eee 
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Taar the Enkomi silver cup exhibits many 
ens Panis o echot 95 eno. wil d, 
that the black is derived from an 
. ies ope ee especially coming from 
the Department of Mineralogy of the British Museum 
(Natural History), and it is clear that such a copper- 
inlay technique would be likely to facilitate mann- 
facture ; but, m the absence of the inlays, ita presence 
would be difficult and might even be im le to 
prove. The cap at the extremity of the ‘wish-bone’ 
handle, referred to above, was scraped and the 
freably exposed surface appeared coppery, but 
whether due to inlay or to staining of the silver alloy 
(that is, by niello) was not determined. Dr. Olaring- 
bull, who examined scrapings by spectrograph, could 
detect silver, copper and gold only. It is admitted 
that to obtain a representatives sample of the black 
material in question from the bowl, without causing 
damage, was found to be moet difficult. A further 
examination by X-ray diffraction of a second tiny 
specimen that was submitted yielded nothing 
fresh. 

The features that led me to conmder the Enkomi 
cup had been decorated with niello may be sum- 
marized : black patterns lustrous or splendent and 
enamel-like ; where damaged, brittle and in one case 
appearing as a charcoal-like powdery stain subsist- 
ing from antiquity in contact with massive copper 
chlorides and carbonates; where undamaged, form- 
mg a perfect tracery of shiny jet-black mass-and-lme 
ornament in a groundwork of bright metallic mlver ; 
the perfection of line and lustre survived immersion 
for 20 mim. in commercial formio acid (1:2 parts 
water, by vol.), at boiling ture, without any 
sign of loas. The gold-foil patterns that had been 
applied to this black material were in no way døe- 
formed, as one might have expected them to be, bad 
they been mounted on copper inlays that would 
certainly have become swollen by oxidation during 
2,000 years of burial. The cavities cut in the silver 
to contain the black decoration, where undamaged, 
were filled flush with the surface contour and the 
black material did not appear to have increased in 
bulk. If the results of the X-ray crystallographic 
examination were considered to be in doubt because 
of the possible inadequacy of the sample, the above 
ebeervations—diffcult to explain otherwise—had to 
be taken as straw in the wind suggesting the use 
of niello. 

The weak point in the argument for niello is that 
although chlorides were present in quantity in the 
incrustation, no trace of sulphides could be detected. 
For this reason I agree that the case must be taken 
to be not proven as regards the presence of stromeyer- 
ite and acanthite ; and, having regard to the import- 
ance of the matter, I would agree further that a re- 
examination is desirable. I suggest, however, that 
as we have now a new theory, some preliminary work 
should be done on black lustrous copper minerals 
(as exemplified, for example, in Tang mirrors) to 
determine how tae tia Blas compounfis can survive 
treatment with hot formic acid without losing lustre, 
shape or quality, before contemplatmg further 
operations on the cup itself. 


HAROLD J. PLaNDERLEITH 
International Centre for the 


Study of the Preservation and 
Restoration of Cultural Property, 
Rome. 
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MISCELLANY 


Cost of Scientific Periodical 
Publications 


I am writing with reference to the 
under the above heading which appeared in Noes 
of April 9, p. 124. 

The periodicals mentaoned are not similar in matter 
per page, since some of them contain considerable 
amounts of what is claased as ‘difficult’ setting by 
printers, and this has an appreciable effect on produc- 
tion costa. While it may be broadly true to say that 
a reduction in price leads to moreased circulation, 
the optimum circulation obviously depends on several 
other factors; for example, the number of people 
engaged in research in a particular field. The journal 
which has the backing of a ecientiflo society is in an 
advantageous position in that it has a guaranteed 
circulation to members of that society, aa well as a 
subsidy in most cases. 

The. figures quoted in the table are approximately 

correct for ‘library subscription rates’ of the P. 
Press journals mentioned, although, on the basis of 
the volumes completed on 1959 subscriptions, the 
Price of Physics and of Solids is 8-7d. 
per page (not 4:ld.), and that of Reactor Science is 
8-2d. per page (not 8-9d.). However, the table as 
published is not the whole story so far as Pergamon 
Prees subscription prices are concerned. Pergamon 
Press, in order to ensure maximum dissemination and 
to encourage individual acientiste to own their own 
journals, have a specially low subscription price 
for private individuals, and the effect of comparing 
these subscription rates against the journals publish- 
m by other publishers listed in the table is as 
ollows : 


Title Souro Publisher Price per 
: pegs 
U.K. Pergamon Press 0 Td, 
Tonal of 
ader Chemlury UK. Pergamon Press 09 

Peeled T Orta 

Sooisiy U.K. Chemioal Society 10 

eu ne 

Sotids - U.K, Pergamon Press 10 

Chemical Reviews U.S.A. American Chemical Soatety 1:2 

Journal of Soll Sotenee U.K. Oxford University Prees 138 

Chemical Fingineering 

Sotenoes U.K. Pergamon Press 


Information aad Control U.S.A. Academic Press 
Pkilssophics! Megactas U.K. Taylor and Francis 
Btookemio 


F 
wm 00 10 te te to 
poaempwoen 


Fus 

Journal of Bletrowice U.K. Taylor and Francis 
Chemical Abstracts U.S.A. Ameriean Ghemidal Boolety 
Reactor Science U.K. Pergamon Press 


Since this note was written, an amicable and 
constructive meeting has taken place between repre- 
sentatives of the Pergamon Prees and the Standing 
Conference of National and University Libraries and 
the Library Association ; the latter, although they 
now have a better appreciation of the reason for the 
Pergamon Prees price differential policy, nevertheless 
still object to the fact that libraries should have to 
pay the higher, multi-user price. 


I. B. Maxwar. 
Pergamon Preæ, Ltd., È 
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HE subject of space research has already been 

discussed three times in the House of Commons 
during the past two sessions: on a motion by Mr. 
G. de Freitas in April 1959; on one by Mr. F. V. 
Corfield last February ; and on a motion by Mr. G. 
de Freitas again on July 20. Between the second and 
third debates, on April 24, the Parliamentary and 
Bcientiflo Committee waa addressed by Sir Edward 
Bullard, Prof. W. R. Hawthorne, Sir Ro'Jert Cook- 
burn and Dr. D. Taylor, and the question of space 
research was discussed with particular reference to 
the national benefits that could be expected to accrue 
from it. The Government's decision to discontinue 
Blue Streak as a military weapon has kept public, as 
well as scientific, interest in Britain focused on the 
subject, but in the meantime the announcement that 
the nuclear power programme is to be retarded has 
i the comparative limitations of Britain’s 
and technological resources, and the critical 


those resources as between one field and another. 

There’ is, in fact, reason for believing that the 
}, proposals for space research are now much more 
realistic, and lees likely to distort the general balance 
of effort in scientific and technological research. 
Lord Hailsharn should be assured of strong and 
authoritative support in resisting any unrealistic 

proposals, and, the Parliamentary debetes and dis- 
cussions on space research are, in fact, appropriately 
considered against the background revealed in the 
White Paper on the nuclear power programme pub- 
lished in June*. It might be noted that the retarda- 
tion therein outlined was not foreshadowed in the 
usual White Paper on Capital Investment in the 
Coal, Electricity and Gas Industriest published two 
months earlier. 

This earlier White Paper put the estimated capital 


' expenditure by the ‘electricity supply industry in 


‘speqtively, approved for 1960-61 ; 


England and Wales during 1958-60 at £808 -2 million, 
of which 2120-5 million was for conventional and 
£58-0 milion for nuclear stations, compared with 
£275-4 million, £107-5 million and £46-0 million, re- 
in addition, £6-4 
milion was spent on nuclear fuel in 1959-60 and £9-6 
million is expected to be spent in 1960-81. Most of the 
expenditure on’ nuclear power stations in 1959-60 
represented progress payments on main constructional 
works at the first four stations in the programme, and 
the White Paper notes that payments still to be made 
for thoee stations are likely to fall due earlier than 
hed been. estimated previously : jnoreased expenditure 
adder thess: Ginizaots: m: 1000-01-will-be;offist. By 
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ha White Paper an e audia PrE PNS 
states that five nuclear power stations are being built 
and two more have been approved under the pro- 
gramme ; the earlier stations will come into operation 
in 1961 and all seven should be in operation by 1966, 
with a total output capacity of about 3,000 megea- 
watts. To reach the capacity of 5,000-6,000 MW. by 
the end of 1966, adopted in 1957 as the basis of the 
revised programme, exceptionally large ordera for 
nuclear capacity would have to be placed during the 
next two years for commissioning in 1965 and 1966, 
and in the meantime the need on the grounds of fuel 
supply for a sharp and immediate acceleration in the 
rate of ordering capacity has passed. Accordingly, 
in consultation with the Atomic Energy Authority, 
the English and Scottish Electricity Authorities have 
re-examined the programme with the Government, 
in the light also of the latest, estimates of nuclear and 
conventional costs and the future availability of 
primary fuels. 

Although the cost of electricity from the first 
nuclear power stations to be commissioned next year 
will be rather higher than earlier estimates, the coats 
of later stations are following closely the downward 
trend foreseen in 1957, and while, for stations designed 
to-day, conventional power costs are about 25 per 
cent leas than nuclear costs iù the United Kingdom, 
the Government is advised that, in spite of the 
unexpected fall in the costa of conventional power 
from new stations, nuclear generation for base-load 
purposes is likely to become cheaper than oonven- 
tional generation by about 1970. While there is a 
present world surplus of coal and oil, in the long ran 
we shall need Increasing supplies of nuclear power, 
and to secure this we must continue to build nuclear 
stations on an adequate scale. - 

The White Paper records the Government's 
decision to continue for the time being to place orders 
for nuclear stations at the rate of roughly one every 
year; and as the capacity of individual stations is 
likely to increase, this should provide about 5,000 MW. 
of capacity m 1968. Compared with the 1957 pro- 
gramme and allowing for more conventional stations, 
this will reduce by some £90 million the cost of power 
atationa to be commissioned during the next seven 
years and there will be some loss to the Atomic 
Energy Authority. At any time there should be five 
or six stations im various stages of development, and 
it is claimed that this proposed rate of ordering 
should maintain fully the rate of development of 


‘nuclear technology in Britain and sustain a, nuclear 


plant industry capable of competing for overseas 


- -bysiness and of expanding to meet the higher level 


of the future needs of Britain itself. 

The Minister of Power was closely questioned 
about the revised in the House of 
Oommons on June 27; but he added nothing sub- 
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stantial to what was contained in the White Paper, 
apart from stating that for calculating depreciation 
the life of nuclear power stations was taken as twenty 
years, though it might be longer, and when they 
reached the end of their useful lives they would be dis- 
mantled, except the reactors, which would be sealed 
. up, and new stations. might be built on the same 


site. On July 28, replying for the Minister for Science, , 


Sir David Ecoles said that the slowing down of the 
nuclear power programme would result in. the 
Authority carrying large stocks of uranium, and it 
was estimated that the annual interest on the capital 
locked up in the additional stocks might amount to 
several million pounds: present estimates suggest 
that the Authority’s current and prospective supplies 
of uranium would last about ten years. Apart from 
this, it seems sensible to defer part of the programme 
rather than run the risk of erecting costly and 
uneconomic power stations, though there must be 
some question whether the retarding of construction 
may hinder the development of more efficient types 
of reactor. 

Sir Obristopher Hinton scarcely seems to support 
this view. Discussing, in-one of the Royal Society 
tercentenary lectures (see p. 1064 of this issue), the 
technical problems which must be solved to reduce 
the cost of nuclear power to an economically com- 
_ petitive level, Sir Christopher noted that at present 
the cost of electricity produced by nuclear power 
plants is 25 per coent higher than that produced 
by conventional coal- or oil-fired power plants, but 
that it is expected to drop below that of conventional 
power before 1970. He then suggested that it would 
be interesting to speculate on the coat of conventional 
power generation if it attracted as much research 
and development as its nuclear rival. 

Here, of course, Sir Christopher touthed on the 
essential difficulty that confronts anyone who carries 
the responsibility for allocating Britain’s precious 
resources of scientific and technological man-power ; 
pad Mr. Aubrey Jones, the former Minister of Supply, 
has oven implied that this is the essential reason for 
establishing a Ministry for Science. As he sees it, the 
main task of the Minister for Science should be to 
find a subetitute for the technological: role which 
armaments have hitherto played in a free society, 
with all that that implies in the allocation of resources, 
the stimulation of research and ‘the fashioning of 
appropriate relations between industry and govern- 
ment. Mr. Aubrey Jones maintains further that the 
Minister must operate primarily on the side of demand, 
that he must seek ideas from industry, and avoid the 
dispersal of resources, concentrating them on a fow 
major problems, and im particular he urged that the 
Department of Scientific and Industrial Research and 
the “National Research Development Corporation 
should be brought into a closer relation and under 
the same authority—that of the Minister. for Science. 

The importance of a reasonable balance in the dis- 
tribution of the resources of Britain is enhanced 
rather than otherwise by the mteraction of different 
technologies which may be involved in such a field 
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as that of nuclear power, to which Sir Christopher 
Hinton also alluded in the lecture already noted. 
Sir Christopher had emphasized that the heat-cycle 
temperatures in nuclear power plants are lower than. 
the steam temperatures in conventional plants be- 
ceuse of the combined effect of the inherent design of a 
nuclear reactor and the diffloulty of finding materials 
which can stand up to irradiation. If comparable 
temperatures could be reached in a nuclear plant, 
Sir Obristopher said that nuclear power would already 
major problems facing nuclear scientists and engineers 
at present, and little further advance oan be 

he said, antil a new canning material ia used for the - 
fuel elements. 

The annual reports of the Atomic Energy Authority 
have frequently indicated the benefits which other 
technologies have drawn from Britain’s programme 
in nuclear energy, though those benefite are of them- 
selves no justification for disproportionate expendi- 
tare of energy in any one field, and they are reasons 
for some information being published as to the 

on research and development by the 
Authority rather than otherwise. The essential lesson 
is the imperative need for affective co-ordination, in 
research and development ‘generally as in fuel and 
power policy ; and if either the Minister for Science , 
or the Minister of Power lacks the authority or 
resources to formulate and execute such policies, he 
should not hesitate to approach Parliament for the | 
necessary powers. That undoubtedly is a priority if 
Britain is to embark in space research on any con- 
siderable scale, and in the debate on July 29 Vioe- 
Admiral J. H. Hallett very rightly stressed the need 
to re-examine the methods by which development 


Although there are obviously still large problems 
of administration in research and development which 
demand some freah thinking by the Minister for 
Science, it is no leas important that we should be 
clear before embarking on any large programme of 
space research as to exactly what benefits the country 
may derive from such an effort. It is one thing to 
support projects such as those for whioh the Depart- 
ment of Scientific and Industrial Research announced 
last July the allocation of £184,540 to sixteen research 
groups in British universities for the development 
of instruments in rockets and satellites ; it is quite, 
another to contemplate a programme of space 
research demanding financial support on a scale 
comparable with that given to the reat of science. 
As Prof. Fred Hoyle has emphasized, space research 
is only a fragment of astronomy, and astronomy 
Teall is only a fragment of soienoe. 

` In opening the debate-on July 29, Mr. G. de 
Freitas put natianal*prestige as the chief argument 
for space research and development; but it is 
dificult to take this argument too seriously. Prof. 
Hoyle has also questioned whether we are likely to 
lose any able young ecientiata even if we do hot 
embark on a spece research programme. The really 
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important question is that discuased before the 
Parliamentary and Scientific Committee and, directly 
connected with the expected benefits from such a 
programme, namely, what is a reasonable level 
of affort in this fleld. On the scientific side, Sir 
Edward Bullard referred to the importance of a better 
knowledge of the high atmosphere for the trans- 
mission of radio-waves, to the new opportunities 
space research offers for investigatian of the charged 
particles in space and for astronomical observations 
outside the atmosphere. The present programme, he 
said, is costing about £100,000-£150,000 a year, and 
he thought this might rise to about £200,000, which 
is the same order of magnitude as the Department 
of Scientific and Industrial Research’s grant to 
universities outside nuclear science. 

Prof. W. R. Hawthorne, however, urged a pro- 
gramme involving expenditure of £100 to £200 
million over the next ten years on launching space 
satellites and probes, and justified his claim on the 
ground of advances anticipated in oontrol devices, 
communications and power, as well as in structures 
and mechanical engineering. He thought, for ex- 
ample, that the impetus given by the jet engine to 
research and development in combustion was likely 
to be repeated as engineers tackled the problems of 
rocket combustion, and similarly In connexion with 
the transmitters and receivers designed for space re- 
search to detect weak signals in a background of noise 
would be invaluable to industry in the next decade. 
Beyond this, however, Prof. Hawthorne argued that 
failure to support a serious space project would 
reduce the number of innovations we develop, in- 
novations which might be of material advantage to 
industry as a whole, and it would also reduce the 
resources of skill and experience on which our 
designers could draw. Innovation, he insisted, is a 
product of imagination, skill and chance, and without 
entering on any discussion of the relation between 
discovery and innovation, he strongly urged the 
importance of an environment which fosters in- 
novation, such as a space project should provide, in 
the education of the engineer. 

Sir Robert Cockburn said that, of possible appli- 
cations of satellites, only their use for long-range 
communications, in reconnsissance and in navigation 
sould yet be considered in detail, and Dr. Denis 
Taylor stressed more particularly the stimulus space 
redearch could bring to instrumentation and to oon- 
tinental telephone and radio communication. In the 
discussion, Mr. A. Albu questioned whether engin- 
sering and acientific achievements could not be 
maintained more cheaply by spending money in 
some of the industries. Prof. Hawthorne admitted 
` that it is dificult to explain the working of the intel- 
lectual stimulus and, aa he aleô said, the Department 
of Scientific and Industrial Rtsearch had long been 
seeking to introduce sacienod into British industry, but 
with only partial success. He agreed with Lord Hals- 
bury aa to the need for understanding why industrial 
désign teams and others behave aa they do, and the 
discussion certainly focused attention on the critical 
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importance to Britain of such understanding for the 


Something of this discuasion was reflected in the 
debate in the House of Commons on July 29. Mr. 
de Freitas, asserting that for speech, and later for 
television, satellites offered a far greater capacity 
and economy than ordinary terrestrial radio or 
cables, quoted opinion from the telecommunications 
industry that while for the first three years a tele- 
phone cell to Australia might cost £1 a min., within 
four years a profit would be made at 10s. a min., 
and within twenty years anywhere in the world 
could be reached at 6d. a min. and be highly profit- 
able. -It is estimated that this could be achieved for 
an outlay of £6 million in the first year and a total 
of £80 million over forty years, and the system 
should have an ‘income of £3-7 million in the first 
year, rising to more than £50 million m twenty years. 

Mr. de Freitas also referred to the use of these 
satellites, for navigation and weather forecasting ; 
but while, in replying on the debate, the Parlis- 
mentary Secretary to the Ministry of Aviation, Mr. 
A. G. E. Rippon, agreed that great scientific, 
technological and commercial benefits might be 
expected to result from space research, he pointed 
out that scientists themselves are divided on the 
question, and he again streased the importance of 
considering the possibilities of international o0- 
operation in this field. The debate had concentrated 
on the question of the development of Blue Streak 
as a satellite launcher, but on this Mr. Rippon had 
nothing to add to what the Minister of Aviation, Mr. 
Duncan Sandys, had told the House on June 20. 
Mr. Sandys said then that he was keenly aware of 
the potentialities of a British space research pro- 
gramme, but that he was not yet in a position to 
announce any decision. He also said that the French 
and German Governments appeared to be consider- 
ably interested in the idea of co-operation, but that 
before taking any decision the Government would 
consult the Australian Government. 

Mr. de Freitas did not repeat what he had said m 
replying on the debate on February 22 about the 
British contribution to various space research pro- 
grammes. Since the decision to abandon Blus Streak 
as a military weapon was announced, work had 
continued on thoee parte of the project which are 
necessary to ita adaptation as a space satellite 
launcher and there was no evidence to show that 
these important design teams were splitting up, 
though he appreciated that excessive delay in 
reaching 6 decision could have adverse effects. 
Meanwhile, work on the technical problems associated 


-with a future space programme had confirmed that a 


launcher could be developed fram our abandoned 
military project capable of putting into orbit an 
array of satellites, and the design studies indicated 
that at least three types of satellite could be launched. 

Although, Mr. Rippon did not go into details of the 
scientific programme which could thus be carried out, 
-bis references -to telecormmunications, meteorology 
and to the stimulus of new technology and innovation 
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suggested that ‘the Aona has already been - 
considerably impréseed by what was said before the 
Parliamentary arid Scientific Committee, the memor- 


andum from the British Interplanetary Socisty and ' 
other representations. Equally it would appear that . 


the Government is concerned +o maintain the balance 
of thé research effort of Britam.and avoid the, dis- 
tortion which Prof. Hoyle and others fear. Some 


scientists like Bir William Slater and Dame-Kathleen - 
. Lonsdale fear that space research will- divert, skilled ` 


man-power from more important fields’ of research ; 
but while Sir Frederick Brandrett. suggests that a 
programme of space research should normally run 
with a military programme for the development of 
liquid-fuelled rocketa. and thus,’ like Prof. Hoyle, 
‘dppears to question whether the successful develop- 
ment of a satellite relay system really lies within the 
range of a Black Krighi-Blue Streak programme, 
Prof. Hoyle seams to be alone in doubting whether 
sufficient sound ideas for space research have yet 


been advanced to prevent the decline in, standards - 


which tends to result if too much money chases too 
few ideas. 

i ‘There seerns little reason to doubt that the Advisory 
. Council on Ssientifio Policy. took the right line in its 
annual report for 1958-59, from which Mr. Rippon 
quoted in the debate on February 22. British science 
and technology have contributed, and will continue 
.to contribute, valuable resulta in space research, but 
these contributions should be made in specific 
directions appropriate to our special skills and they 
should be part of an internationally based approach. 
There does not indeed appear to be any reason on 
financial grounds or those of scientific and technical 
man-power why Britain should not afford such a 


programme; but a sound decision will be reached’ 
much more readily when the results of the design- 


studies recommended by the Advisory Council are 
available. ; : ` i 

Meanwhile, the importance of a close agseasment 
of the distribution of Britain’s effort in research and 
development, including that of the universities as’ 
well as of Government and industry, is obvious, and 
this should be receiving the urgent attention of the 
Minister for Science. Moreover, it should not be 
forgotten that while Mr. Rippon rightly stressed. the 
need to consider carefully all possibilities of inter- 
national co-operation in space research, a report last 
March by Mr. D. Wilgreas ón co-operation in the fleld 
of acientiflo and technical research to the Organization 
for European Economic Co-operation strongly urged 
the need for more co-operation, particularly in funda- 
mental research. Still more recently, industrial 
leaders like Viscount Chandos‘and Dy. Solvay have 
urged the need for more co-operation in fundamental 
research within particular industries, again on. the 
ground of avoiding waste of limited resources, and 
especially of trained man-power. The Government is 
right in refusing to be rushed into any. hasty or 
premature decision as to entering or not on a pro- 
gramme of space research ; but it is for the Minister 
for Science to make sure that all the relevant factors 
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are taken into account, iolaire the mirut. 
different technologies on one another and the func- 
tioning of innovation and mvention. Not all these 
factors can, it is true, he estimated with any accuracy ; 
and there is sound reason for putting some further 
studies in hand. If the results will not be available 
in time to guide the decision regarding space research, 
they should assist similar decisions which are bound 
to recur from time. to time in an age of advancing 
technology. 


. SEMICONDUCTORS AND 
_ TRANSISTORS 


Les Semiconducteurs 
Par Prof. P. Aigram et F. 


Englert. (Mo 
Dunod.) 
francs, 


hies 


Les Semiconducteurs Électroniques 
Tairodartian A Ta et eee Bane mn d 


Tradais par L 
(Paris : Dunod, 1959.) 


The Properties, Physics, and Design of Semicon- 
ductor Devices 

By John N. Shive. (The Bell Telephone Laboratories 

Series.) Pp. x1i+487. (Princeton, N.J.: D. Van 

Nostrand Company, Inc.; London: D. Van Nost- 

rand Company, Ltd., 1059.) 78s. 


Transistors 

By A. ©. Gillie. Pp. xvi+363. (London: Prentice- 
Hall International, Ino., 1959.) 42s 

The Junction Transistor and Its Applications 
Edited by E. Wolfendale. Pp. viii+304. (London : 
Heywood and Oo., Lid., 1958.) 84s. net. 


HE subject of semiconductors was understand- 
ably not popular with authors of books during 
period when the two semiconductors in common 


the theories of the solid state then being developed. 
' Industry found it necessary to use empirical methods 
to improve these materials for use in rectifiers, 
thereby, as it happened, tending to increase the 
Ey at SNe See eee, eastern See 


The wols oullocle dt the: sbot wos 

eee ahs as aco ee Ge 
which made the subject s0 obscure, but by rapid 
advances following comparable observations .of 
materials more amenable to scientific investigation. » 
Germanium in particular proved to be a semi- 
conductor well suited to study by physicists ; the 
discovery of transistor action and its explanation in 
terms ‘of minority carriers acted as a great new 
stimulus, and the refnaments made to the methods 
of preparing germanium, and later silicon, with very 
small, but controlled, afnounte of desirable impurities 
quiokly increased conf¥lence in quantitative measure- 
ments. New electrical-properties of semiconductors 


` were discovered and fitted into the expanded theory, 


and ita adequate explanation of the behaviour of p-n 
junctions’ was ane of its greatest successes. To-day 
therefore, despite some difficulties which the subjebt 
has run into in its newer flelds and in some details, the 


w 


Pp. x+203. (Paris: Dunod, 1958.). 980 
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basia of the subject is well established ‘and the 
problems facing authors of books on the subject are 
an over-abundance of original and review papers sad 
the idity of advance. In addition, the readers 
have changad, few continue to regard the subject 


has had important reactions on the basio theories 
and is big eno to tredtment 
Most readers be content if the specialized treet- 


iently 
important basic physical effecta, and will expect a 


compact picture of the positive achievementa and 
applications of the subject which has spread into 
several branches of science. 

Prof. Aigrain and his 00-author make little oon- 
cession to these readers in so far aa they assume that a 
study of quantum mechanioa will already have been 
made—even if many details have been forgotten 
—and that frequent recourse to fundamentals is 
essential. They begin with a highly condensed account 
of the role of electrons in solids, largely in mathe- 
matical terms and divorced from physical quantities 
directly observable, into which they then fit a few 
practioal findings. The bare outlines of the properties 
of junctions and transistors follow, expreasions still 
being quoted rather than deduced, and the book ends 
on a lower intellectual note, with. summaries’ of the 
preperation of transistor-quality germanium and 
silicon and of some photoelectric and thermo- 
electric applications. The merits of this short book 
as a summary of the formal theory for those readers 
already well acquainted with the subject are likely 
Eoi ee 

The second edition of Spenke’s book was translated 
into EnglishJast year by staff of the Radio Corporation 
_of America, who made some useful additions; the 
French translation, which seams little lees free by 
comparison, includes the addition describing junction 
capacitance. The book is in two overlapping parts. 
The first four chapters form one part and take us from 
band theory to the physical mechaniams of transistors; 
mathematios and wave-mechanioal ideas take second 


place to descriptive language, but the author avoids | 


over-simplifioation. The second part is intendéd for 
the physicist who repa a more comprehensive 
analysis of the physical processes responsible for the 
properties of semioonductors. It reveals the more 
successful work of the period 1930-40, made despite 
the difficulty of experimental confirmation, though 
en eae She eee eee 


recent findings. 

O hive. too, though writing for reeders with little 
‘prior knowledge, divides his book into two distinct 
perta. The first, once again, is very descriptive, both 
of semiconductors and of the chief devices made from 

rs, point-oontact diodes, rectifiers 
using copper oxide and selenium, photoocells and 
junction transistors. A scientist in a non-physical 
fleld could benefit equally with any newoomer. The 
us of eee ae ea the 
physics of semiconductors, y in terms of 
particle modela, with oocagjonal reference to wave and 
quantum mechanios ; someover-simplifications may 
have crept in, but the chief painta are well at. The 
key points of junction. theory are without 
frills, and the book ‘cancludes with chapters on 


thermoelectricity, the Hall’ effect and the processes. ” 


used to make junctions. The whole is worth study 
By those who teach the subject aa well as by those 


nore died a understanding which is, however, 


a not, -a statement of the properties 


: 
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Despite the fair “nimber of books dn transistors 
- now available, it js still difficult to say how beat the 
ph oen bo mage a r r biae E 
experienced designers of devices’and circuite. If 


- reasons are to be given for the electrical properties, 


some recourse to physics is necessary ; but if they are 
and their translation 
into analytic formi can prove an adequate 
point for a book on applications. Gillie’s attempt, 
aimed at a non-analytio introduction to the device 
and ite elamentary circuits, is not badly planned, but 
must be“very nearly completely discounted because 
of.the numerous errors statements 
early on. Thus hie talks of the velooity of current, 
confuses resistance and resistivity, asserts, with the 
emphasis of italics, that pure germanium is an 
insulator, seems to imply that acceptors increase the 


- conductivity of a semiconductor, because the electrons 


from the valence band filling the acceptor-levels then ` 
require leas energy to be excited to the conduction 
band and states that hole-electron pairs can be more 

created in n-type material. The two chapters 
on ə junction transistor oan be recommended to 
the newoomer without serious reservation, provided 
he has other sources to refer to at the same time. 

On the other hand, Wolfendale and the contributors 
to his book have produced something worth the 
serious attention of electronic engineers. The opening 
chapter, ee ee ee T 

noteworthy, for, from a simple beginning, it 
develops analytically all the main electrical pro- 
perties of the uniform-base transistor; an extension 
to graded-base units would be valuable in any second ` 
edition. Several of the later chapters are of the 
standard ma ' hand-book, and - 
all have some merit. Continuity is sometimes a little 


illustrate tho diffloulties of finding a single repres- 
ic aa eee aca akg or oor 
J. R 


COMMÚNICATIONS AND 
ELECTRONICS DICTIONARIES 


Elsevier’s Telecommunication Dictlonary in Six 
Languages 
{Aserioan—Hrench-—Spanish-—Ttalian—Ger- 


Alphabetioal Base by Ne Visser. Pp. 
(Princeton, N.J.: D. Van Nostrand Company, 
London: D. Van Nostrand Company, Ltd, 1960.) 147s. 


Swedish Supplement to “Elsevier's Dictionary of 


Electronics and Waveguldes 
By W. E. Clason. Pp. iv+4s. 


Elsevier . Publishing Company ; 

‘Nostrand Company, Ltd., 1980.) 20s. 
“HE first volume is a-very weloome addition to 
the series of multilmgual dictionaries 

by the Elsevier organization. Its oompilation is 

more than justified by the enormous progress that has 

taken place in the fleld of communications, both lme 


-and radio, in the past one or two decades. This 
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volume has been compiled by Mr. A. Visser, who 
retired a few years ago from the position of librarian 
and chief of the documentation section of the Nether- 
lands Postal and Teleoommunication Services. The 
basis of the book is the listing of all terms used in the 
telecommunication world arranged in alphabetical 
order in the English language. Below each term is 

iven the equivalent word or phrase in French, 
Banish, Talan Datel abd German mca ania 
Tn many cases it has been necessary to give alternative 
words or phrases-in interpretation of the basio 
Enghsh term or phrase. “No definitions of the terms 
are given, but, in a large proportion of cases, the 
terms are sufficiently self-explanatory for the techni- 
cal reader. 

Following the basic section, alphabetical lista are 
given in each of the other five languages, each word 
being indexed as a reference to the basic table, so that 
the user oan find the corresponding term in English, 
and all the equivalents in the other 

As with former volumes in this series, the pro- 
duction of the book is excellent. In spite of ita size— 
more than one thousand it is convenient to 
use, with the familiar semi-flexible bmding, and a 
thumb-index to the different All engineers 
and scientists engaged im the field of teleoommunica- 
tions will find this a most useful work of reference 
and aid to the reading of foreign literature. 

A dictionary on similar lines to that referred to 
above but dealing with the field of electronics and 
waveguides was published by the same company m 
1957 (see Naren 181, 801; 1958). To the 
section of that volume has now bean added a Swedish 
supplement. This is in two parts : the first 
being an alphabetioal list of terms in this language ; 
while the second comprises a re-arrangement of the 
same terms in the numerical order oo 
to the numbered basic English section of the main 
dictionary. The publication of this supplement thus 
extends the former volume to be a complete work of 
reference in seven languages to all terms in use in the 
technique of electronics and waveguides. i 

R. L. Srn-Ross - - 


PROBABILITY AND PHYSICS 


Probability and Related Topics In Physical Sclences 
By Mark With special lectures by G. E. Uhlen- 
beck, A. R. Hibbs and Balth. van der Pol. (Lectures 
in Applied Mathematics, Vol. 1.) Pp. xiii+266. 
(New York: Interscience Publishers, Ino. ; London: 
Interscience Publishers, Ltd., 1959.) 486. 

HIS book, which is based on a course of lectures 

given in 1957, makes no claims to be a text- 
book; but it contains a wealth of material under- 
lining the established place of probability technique 
in modern physics. Prof. Kao’s enviable skill in 
analysis is somewhat naturally displayed to the full 
in many of the problems discussed, so that, while 
the mathematics always remain his servant, his book 
may in consequence appeal rather more to mathe 
maticians than to physicists. 

There are four chapters and four appendixes. 
Chapter I explains the ‘nature of probabilistic 
reasoning, and includes discussion of the Maxwell 
velocity distribution in the theary of ideal gases and 
of the number of real roots in polynamial ions 
with random coefficients. Chapter 2 deals with “Bome 
Tools and Techniques of Probability Theory”, illus- 
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trated mainly by reference to various random 
walk problems. The longest chapter (3) is on 
“Probability in Classical Statistical Mechanica”, and 
the first appendix by G. E. Uhlenbeok on ‘the 
Boltzmann equation’ should be read together with 
this chapter. Uhlenbeok’s appendix gives a very 
clear survey of the various models, microscopic and 
macroscopic, mechanical (deterministic) and stoch- 
astic, that exist and the relations between them. In 

3 itself, the fundamental problems and 
paradoxes of statistical mechanics are considered by 
reference to the Ehrenfest urn example, by the use 
of the so-called ‘master equation’ which represents a 
stochastic simplification of the exact Boltzmann 
equation, and by a modern acoount of Smoluchowski’s 
brillant theory of fluctuations. 

The final chapter (4) is on “Integration in Function 
Spaces and Some Applications”, and discusses the 
recent fester ab eos Sa path integrals introduced into 

os by Feynman and having ansa- 
Poa in the aay ot Ea E a There is 
a relevant appendix (2) on quantum mechanics by 
A. R. Hibbe, recalling some of the special peculiarities 
of probability in this domain. The final appen- 
dixe (8 and 4) by B. van der Pol, on “Smoothing 
and Unsmoothing”’, and “The Finite Difference 
Analogy of the Periodic Wave-equation” and the 
“Potential Equation” , are not directly 
related to the rest of the volume, which ends with some 
interesting historical notes and a bibliography. 

One important topic omitted from this book is 
information theory; this might be explained by 
Prof. Kao’s ooncentration on problems olosely 
connected. with his own researches. It might aleo be 
argued that this theory is more related to oom- 
munication engineering than to physics: but more 
fundamentally its bearing on the concept of entropy 
and on theories of measurement has yet to be fully 
clarified. On the subject-matter of Chapter 4, tho 
mathematical oonnexion between the Feynman 
integral and analogous integrals in stochastic process 
theory is stated clearly enough, but on a deeper 


. Physical level the differences seem puzzling and 


remain rather a challenge. I was also somewhat 
surprised not to find s more explicit discussion. of the 
importent olass of probability problems associated 
with such work as Onsager’s on the two-dimensional 
Ising model, to which a very fleeting allusion is made 
in the bibliography (p. 261). However, even this last 
comment can scarcely be a criticiam of the book under 
review, when it is recalled that the author’s intention 
was to indicate the scope and value of probability 
theory, and part, but by no means all, of its rapidly 
increasing range in physics. M. 8. BARTLETT 


ADVANCES IN GEOPHYSICS 


Advances In Geophysics 

Edited’ by H. E. Landsberg and J. Van Miegham. 
VoL 4: Pp. x+456. 12 dollars; 86s. VoL 5: Pp. 
x+825. 10 dollars; 80s. (New York: Academio 
Press, Ino. ; London : Aoedamio Preæ, Inc. (Lon- 
don), Ltd., 1958.) e 


ie these volumes, aa in pait pape Neale fad is 
interpreted in the widest sense perhaps a 
greater emphasis on pure yaios than prospecting 
geophysios. If it is the editorial policy that the 
subjects selected for review reflect the state of research 
among the Earth sciences, 1t would appear that 
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meteorology and upper atmosphere physics lead the 
Bald, for amoet hale ‘the: attioloe ia. Mie yolia 
under review concern these subjects. The Inter- 
national Geophysical Year stimulated research in all 
branches of geophysics as Gerson’s article ‘Polar 
Years to I.G.Y.” (Volume 5) illustrates, and it is to 
ie ee A EE eE 


In reviewing 
of the First Polar Year, Second Polar Year and the 
International Geophysical Year, Gerson remarks on 
the accumulation of “mountains of undigested date”. 
The institution of world data centres by the organ- 
ixers of the International Geophysical Year to 
oo-ordinate and standardise the accumulhted data 
makes it all the mere imperative that geophysicists 
should be trained in computer ing methods 
in order to assimilate this date. Any student in this 
field is well advised to read Holloway’s review on 
Be ee ene Or Time Bane and Grane 
Be (Volume 4). 

Pee ene See Bnd PODE Othe Bain 
(Volume 5), describes, recent advances in 
surveying and also discusses the application of 
Stokee’s formula to i the Those 
minute oscillations of the Harth’s crust due to Earth 
tides are reviewed by Melchior in “Earth Tides” 
(Volume 4), The remarkable sensitivity of the 
horizontal pendulums, extensometers and gravity 
meters (which the author describes) is exemplified 
in the attempt during the International Geophysical 
Year to detect the change in Love’s numbers with 
tidal periods attributed to motions in the fluid core. 
While Earth tides oan be dealt with largely by statio 
theory, hemes A arid AEDA e eer srr y The 

theoretical and empirical study of tides in uniform 
and actual oceans is reviewed in Volume 5 by Dood- 
son. 


On E ET the late B. Gutenberg (Volume 8. 


emphasises the difficulties inherent in a brangh ‘of 
seismology which deals with di 


agation by surface and channel waves. 
Junge, in “Atmospheric Chemistry” (Volume 4), 
reviews recent research on aerosols and trace gases. 
other trace gases the role of carbon dioxide 
in the heat budget of the Barth is discussed. To 
“The Physios of Cloud Modification”, Volume 5, the 


on processes 
Watanabe (Volume 5) gives an 
extensive account of ultra-violet absorption oroas- 
sedtionag and absorption processes in the ionized 
"regions. Rocket and satellite studies have also 
contributed to the revolution now taking place in 
theories of ihsanekie monna whidh have’ a direst 
bearing on theories of the aurora. Chamberlain 
(Volume 4) reviews these theories, discussing at length 
the Chapman-Ferraro theory of storms since this 
remains the most nguroni treatment that takes 
account of aurars. 

Lapas (Volume 4) provides the first extensive 
account of “The Effects of Meteorites upon the Earth” 
discussing not the composition, trajectories, 
otc., of meteorites but also the probability of their 
stgiking densely populated areas. 

These two books maintam the high standards of 
previous issues and deserve a place on most geo- 
physicists’ bookshelves. 8. H. Harn 


sources involv- 
ing energy transfer from wind-water—Earth and prop- ; 
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BIOLOGY OF POLLUTION 


The Effects of Pollution on Living Materia! 
Edited by W. B. Yapp. (Symposia of the Institute 
of Biology, No. 8.) Pp. xii+154. (London: The 
Institute of Biology, 1959.) 285s.. 


The Biology of Polluted Waters | 

By H. B. N. Hynes. Pp. xiv+202+2 plates. (Liver- 

pool: Liverpool University Press,.1960:) 25s. net 
HE Church Army Press is perhaps partly to blame 
for the style of the Eighth. Symposium of the 

Institute of Biology ‘The Effects of Pollution on 

Living Material”. Although the quality of 

production, paper and printing is poor and while this 


may have been to my copy the contents must 
be general. two good introductory contri- 
butions the i into a stage for mere 


power stations and general radioactive waste 
from hospitals and industry for which there is 
national scheme. With radioactive pollution at its 
present level, such effecta as an eventual increase of 
5,300 in the number of blind persons in Great Britain 
may be expected. It seems, however, that, except 
for titan and carbon 14 DoR cof beta 
cobalt-60 with a half-life of 5 years is the longest- 
lived nuclide in fall-out. Improvement would there- 
tlh hada arte DOIA aA Billig p 

While the chemist interested in water has for a long 
while bean well equipped with books on pollution, 
biologists have hitherto had probably only one recent 
ee. ‘Aspects of River Pollution” by Dr. 

L. Klein, to draw That work is primarily a 
reference book, ‘while “The Biology of Polluted 
Waters”, by Dr. Hynes, in which frequent reference 
‘jg made to Dr. Elein’s book, provides for the first 
O ga pga tar! Agree cafes uae np E 


eee olan be eee 


striking 
cover. In the preface and throughout the book Dr. 

Hynes emphasizes the essentially biological nature 
of pollution and the incongruity of the older chemical 
approach. Mr. F. T. K. Pentelow too, who wrot 
the introduction, criticised some of the river boards 
for expecting the chemists on their staffs to under- 
stand and tackle alone problems so ceentially 
biological. 

Having experienced the difficulty of communication 
with chemista who are often unfamiliar with bio- 
logical concepta, the author has provided a kind of 
picture vocabulary to help the non-biologist reader, 
Lae area a ogee eeilant 
fact bridge the gap between the worlds of the chemist 
and the biologist. 

To most people pollution has a definite oonnota- 
tion ; a ae 
autumn of leaves or a sudden summer shower, 
may deplete the dissolved oxygen in a river enough 
to be catastrophic for the inhabitants. Similarly, 


question in any particular case, yet, as the author 
points out, still too little is known for this often to be 
possible. Perhaps the best basis for a general judg- 
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ment on the condition of a river 1s given by Turing 
cited by Hynes. “Fish are a very useful barometer of 
the real state of purity of a water. No mver should be 
considered as in a satisfactory condition unless fish 
will live and thrive in 1t”. 

In short, the book*sums up the work of the Water 
Pollution Research’ Laboratory, the Freshwater 
Biological Association and-authorities in Europe and 
the United States, in a comprehensive and above all 
eminently readable way. G. C. Wann 


= i 


NORTH AFRICAN PREHISTORY 


The Stone Age in Northern Africa 
By C. B. M. McBurney. (Pelican Book No. A342.) 
Pp. 288+24 plates. (Harmondsworth, Mddx.: 
Penguin Books, Ltd., 1960.) 6s 

R. McoBURNEY is among the half-dozen pre- 

historians who are really competent to write 

about the early prehistory of North Africa. Over a 
series of years he has visited much of the area and 
has himself made there important excavations. His 
book, therefore, can be confidently recommended to 
all students of the subject. 

As a lecturer and teacher in the University of 
Cambridge who has travelled widely, he brings to 
bear on the problems of North Africa a wide know- 
ledge of prehistory elsewhere, and seeks to fit his 
special area into the pattern of the Stone Age world. 
Thus he begins his book with 80 pages on ‘The 
Present Stage of Prehistoric Studies”—a chapter 
which will be appreciated both by us lees- and more- 
instructed readers, and which presenta the problem 
of North Africa in relation to the neighbouring areas 
of Europe, western Asia and Africa south of the 
Sahara. He then discusses the physical and clmatic 
problems of his own region. Climatic changes in the 
past have profoundly affected the poesbility of 
habitation during prehistoric times. Pror to the 
last pluvial period (Gamblian) the spme of the 
Bahara could be traversed from south to north, but 
afterwards such movements were, to say the least, 
difficult on account of the absolute desert conditions 
which set in. 

e Next come three chapters which perhaps are the 
meat of the book and which deal, m order, with 
“The Earliest times of Man in North Africa”, “The 
Middle Palsolithic” and “The Blade Industries and 
the Spread of Homo samens”. In the first of these it 
18 splendid to be given, with proper recognition of its 
importance, an account of the work of Arambourg 
and his finds of early Acheulean human remains at 
Ternifine (Palkao). To Enghsh readers such an 
account has not hitherto been readily available. 
Villafranchian faunal assemblages used as date- 
giving fossils are di and there are comparative 
faunal tables and some, perhaps not enough, text 
figures of varying excellence of soma of the imple- 
ments found. In the Middle Palwolithic chapter the 
author has much excavated material to discuss and 
many problems, and can draw on the work of Miss 
Caton Thompson again and again. There is a charm- 
mg account of his own finding of a hunter's encamp- 
ment site near the Wad: Derna in Cyrenaica, with a 
list of the animals eaten there, and where the typology 
of the finds brings to mind the industrial tradition 
of the lower Levalloiso—Mousterian of Palestine. In 
the ‘Blade Industries” chapter his own excavations 
have again helped the writer. The problems are 
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more than ever complicated as he admits, but as a 
working hypothesis he offers a series of dates starting 
at 16,000 B.o. with the appearance of the’ earliest 
Oraman in the Maghreb as a result of Gravettian 
influence or immigration from south-west Europe into 
a Levalloisean area until 5000 8.0., when the Upper 
Capsian seems to come to the end of ita sway and 
Levantine influences are apparent. A final chapter on 
the Neolithic period, which gives a picture of a 
surprisingly uniform cattle-breedmg (but sheepless 
and goastleas) economy extendmg from the Atlantic 
to the Nile, includes a short account of leas than 15 
pages of the North African rock-shelter art and 
about the same number of pages of illustrations, 
FRE b I fancy, taken from Frobenius. On this 
matter, of course, a great deal more could be written, 
but the survey will be found useful to students. It 1s 
in a connexion like this that one must regret that 
owing to the economic problems of to-day such a 
fundamental study as this book could not have 
appeared ın a larger format. Bo much which the 
author bas touched on could have been usefully 
expanded. Nevertheleas we now have, together with 
the complementary volumes in the series by Desmond 
Clark and Sonia Cole, three authoritative works on the 
prehistory of the continent of Africa. 
M. C. Borxrrr 


EXISTENTIAL PSYCHIATRY 


The Divided Self 

A Study of Sanity and Madness. By Dr. R. D. Laing. 
Pp. 240. (London: Tavistock Publications, 1960.) 
258. net. 


HIS book will be of interest to those who are 

orientated towards philosophy, but others may 
find it difficult going. The author is obviously widely 
read m existential and other modern philosophical 
theories and haa attempted to apply them to under- 
standing peychiatry—particularly schizoid personal- 
ities and schixophrenia. 

The main weakness of the book is that it does not 
develop a coherent system, but uses the existential 
ideas to explain some patients’ symptoms without 
giving a satisfactory scheme which is applicable in 
other oases. In some instances he seta up ‘Aunt 
Sallies’ only to knock them over. For example, he 
complains that ‘the current technical vocabulary 
currently used splits up man verbally”. By this 
presumably he means that one speaks of ého ego, 
saper-ego and id and so on. Yet this does not split up 
man verbally unleas one regards an engmeer who 
talks of the cylinder, piston, connectmg rod and 
crank-shaft as aplitting up an engme verbally. They * 
are merely descriptive terms, and he still regards it as 
a whole engine. 

The author pute forward a number of interesting 
mechanisms in schizophrenia, for example, engulf- 
ment, implosion, petrifloation, and depersonalization. 
He believes that the ‘inner self? undergoes various 
changes in this disease and can be ‘phantaaioized’ or 
‘volatilized’ ; it can come unreal, or mnpoverished, 
empty, dead, or split; ıt can be more and more 
charged with hatred, fear and envy. 

The author complains that psychiatric theory has 
not changed since Kraepelin (although Freud changed 
a good deal), and perhaps he has laid the foundations 
of a system which he may be able to develop further 
m other books. CLIFFORD ALLEN 
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Safety In Mines Research Establishment Biblio- 

graphy, 1960 
odnpiled by E. B. Smith. Second edition. Pp. 
vili+177. (Sheffield: Mi of Power, Safety m 
Mines Establishment, 1960.) 17s. 6d. 

HE organization known since 1950 as the Safety 

in Mines Research Establishment of the Ministry 
of Power has operated in ane form or another since 
1908. It has made contributions to 
knowledge not only of the immediate problems of 
safety in mines connected with dusts, ventilation, 
inflammable gases, Jogions, roof control, methods 
of working, lighting, of the miner, electrical 
hazards, materials used in mining, and so forth, 
but also of fundamental scientific knowledge to a 
whole wide range of subjecta which affect mining and 
mining conditions. These include physics of liquids 
and of fine particles, gas flow, ignition and combustion 
of gases and — flame propagation and explosions, 
metallurgy, coal constitution, palsobotany, medical 
science, eto.; this list is not exhaustive, but 1s & 
selection to show the breadth of interest of, the 
Establishment as a whole. There are, in fact, mare 
than 1,500 entries in this comprehensive bibliography 
(which supersedes the Safety in Mines Research 
Establishment Bibliography, 1921-52, and includes 
publications up to the end of 1959, as well as references 
to international conference papers translated and 
published by the Establishment). 

The of the Establishment is wide because 
problems of safety in mines touch almost every science 
and technology. The bibliography, therefore, will be 
of interest to workers engaged in many fields of pure 
and applied science. It is well arranged and well 
presented for its price; but what a pity that it is 
stapled in such a way that the sharp ends of the 
staples can scratch—and in the case of one copy 
already have scratched—the surface of a polished 
table. 8. G. Wasp 


South African Animal Life 
Results of the Lund University Expedition in 1950- 
1951, Vol. 6. Edited by Bertil Hanstrém, Per Brinck 
and Gustav Rudebeck. Pp. 553. (Stockholm : 
Almqvist and Wiksell, 1959.) 75 Sw. kr. 


CONTINUATION of what has now become a 
well-known series, this sixth volume follows the 
style of ita predecessors. Like them, it is particularly 
pleasant to use because the various type-faces are 
well-chosen and attractive, and combine to make the 
‘text most readable. The crown octavo pages are 
bound in such a way that the volume stays open 
` without trouble. A consistent editorial policy makes 
all papers present equivalent mformaiion: 
synonymy ; systematic notes; descriptions of new 
genera and species ; detailed and general distri- 
bution. The volume as æ whole is rather lightly 
illustrated, though some papers have good figures. 
This sixth volume includes accounts of the following 
groups of animals, as they were represented in the 


collections made by the Lund University ition 
during 1950-1951: MHirudimea (I. Soi i ); 
Diplopoda, Penicillata .(B. Condé); Collembola 


(J. Paolt); Coleoptera, Soarabasidae-Hopliini (H. 
Schein) ; Bostrychidae (J. M. Vrydagh); Erotylidae 
Philipp) ; Emdomychidas (H. F. Strohecker) ; 
lydiidae (R. D. Fore); Monommidae (H. Freude) ; 
F. Tippmann); Chrysomelidae I 
Chrysomelidae II (J. Bechyné) ; 
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Curculionidae, part (G. A. K. Marshall); Curculion- 
idae-Brachyocerinae (E. Haaf); Neuroptera, Planni- 
pennis II (B. Tjeder); Diptera, Culicidae (J. Mus- 
pratt); Ceratopogonidae (B. de Meillon) ; Mydaidae 
(M. ); Stratiomyiidae (E. Lindner) ; Phori- 
dae (E. M. Beyer); Dorilaidae (Pipunoulidas) 
(D. E. Hardy); i (0. W. Sabrosky); 
Hippoboscidae (J. Bèquaert); Streblidas (B. 
ling); Caliphoridae (F. Zumpt); Hymenoptera, 
Ichneumonidae (P. L. G. Benņit) ; Gasteruptionidae 
(J. J. Pasteels); Moegalyridae (K. J. Heqvist); 
Sapygidae (P. L. G. Benoit); Pompylidao (G. 
Arnold) ; Amphibia (R. F. Inger). 

There is a contents page, but this volume is not 
separately indexed. ` H. OLDROYD 


Les Observatolres Astronomlques et les Astro- 
nomes 

Par Fernand Rigaux. Pp. ii+452. (Bruxelles: 
Observatoire Royal de Belgique, 1959.) n.p. 

HIS is a new edition of a work which appeared 

originally in 1931 and has been very useful 
as a reference book. Many astronomers must have 
regretted tly that the only supplement was 
made in 1936, so that the work was no longer of any 
use. It gives the names of the astronomers in all the 
principal observatories, and a brief description of the 
instruments to be found in them, and in addition it 
gives the addresses of retired obsérvatory astronomers, 
university professors and lecturers interested in 
astronomy, and indeed of prominent amateur 
astronomers. 

While the Royal Observatory of Belgium, and 
Fernand Rigaux in particular, are to be congratu- 
lated on the ion of a new edition, it is impos- 
sible not to regret the fact that the information which 
now appears is four years out of date, at least so far 
ag several British observatories are concerned that I 
have checked in detail. One might also suggest that 
a formidable book of 452 pages is not really necessary 
to convey the Information. It is possible to criticize 
the lay-out, which seems to be very wasteful of space. 

I would be heartily in favour of bringing out this 
reference book more frequently in a handier and 
cheaper form. R. v. d. R. Woorrwy 


The Falth of a Physicist $ 
By Dr. H. E. Huntley. Pp. 159 +4 plates. (London : 
Geoffrey Bles, Ltd., 1960.) 16s. net. 


ee eee A. Ooulson 

it “as an honest attempt to others 
to see the present status and future possibilities of 
science. In ite simple and direct style it can hardly 
fail to instruct and to encourage ita readers”. 

It 1s desirable that writers with a special knowledge 
of one branch of science should, on oocasion, relate 
their scientific outlook to their attitude towards the 
Christian faith. This the author, lately professor of 
pone in the University Oollege of Ghana, has done. 

the first chapter, “The Status of Science”, Prof. 
Huntley maintains that science ‘is not only more 
than technology ; it is more also than a social force 


of unprecedented 


education, beauty as revealed in Nature and the 
stature of man. 

A feature of the book is the number of literary 
quotations which the author uses to illustrate his 
argument. - H. D. ANTHONY 


1064. 


NATURE 


September 24, 1960 von 187 


EVOLUTION OF NUCLEAR POWER PLANT DESIGN* 


- By Sin CHRISTOPHER HINTON, K.B.E., F.R.S. 


OST applied research is expensive, and applied 

research, and development on atomic energy is 
80 expensive that should be justified 
either by the needs of defence or by the expectation 
of a satisfactory return in the mdustrial field. The 
foundations of the atomio energy industry were paid 
for with defence funds; the research, development 
and engineering of the fuel-elament manufacturing 
plant at Springfields, the diffusion enrichment plant 
at Capenhurst and the Windscale reactors and 
chemical separation plant were done -to produce 
plutonram and uranium-235 for defence. Even the 
Calder Hall reactors were built primarily for the 
production of plutonium, and generated electric 
power as & By procot The possibility of using this 
experience in industrial field had been seen from 
the first, and progress mto this field had been planned. 
But now that we have advanced into it, little of the 
further research and development which are necessary 
can reasonably be charged to a defence budget; 
they must be justifled by immediate or prospective 
savings as campared with alternative industrial 
techniques which are available or are likely to be 
available. 

When the British nuclear power programme was 
first launched in 1955, it was estimated that (in the 
first stages of development) the cost of nuclear and 
conventional power would be equal at about 0-6d. 
per unit of electricity. Binoo then there have been 
three important ; because of rapid develop- 
ment in that field, the cost of conventional power has 
fallen by more than 10 per oent; for technical and 
commercial reasons the credit allowed for by-product 
plutonium (which 1t is hoped to use as fuel in reactors 
of advanced types) was drastically reduced ; interest 
rates (which had been taken at 4 cent) have risen, 

d this rise reacta against nuclear power with its 
high capital cost. The result of these changes is that 
nuclear power from the plants which are now being 
ordered will oost about 25 per cent more than from 
the best conventional plants built concurrently and 
operated under simular load conditions. 

That a difference of this sort was likely was known 
at the time when the nuclear programme was 
expanded in 1957; the expansion was justified by 
the immediate anxiety about fuel supples in Britain 
at that time, by the fact that forecasta then made of 
fuel available for electricity generation suggested 
that the ceiling would be reached by 1965, and by 
the fact that (because the nuclear power industry was 
new) important reductions in oost could be expected. 
Smoe then both the short- and the long-term positions 
in regard to coal supplies have changed; there is a 
present surphis of steam ooal, not only in Britain but 
also in many overseas countries; the long-term 
forecast of supplies of coal for steam-raising suggests 
that (without a nuclear programme) supplies could 
meet demand until about 1970. In these changed 
circumstances the nuclear programme was revised in 
June 1960, but the reduced programme can only be 


* Royal Soclety Toroentenary Lecture, delivered on July 20. 


justified if it givea promise that it will give cheaper 
power than can be obtained from conventional fuels 
at a reasonable date in the future. If it gives that 
promise, as indeed it does, a programme involving 
the construction of many successive power stations, 
each of which will be leas economical than conven- 
tional stations built concurrently, is justified, because 
research, development and large-scale construction 
and industrial use must move forward hand in hand ; 
research in such & field is not effective if it moves too 
far in advance of application. 

The cost of power from every form of prime mover 
hes fallen as, with the passage of time, it has been 
possible to achieve higher top temperatures in the 
heat-cyole used by that prime mover. When the 
first industrial reactors were built at Windscale, the 


_ heat of fission was wasted because it was not possible 


to recover it at a high enough temperature. In the 
Calder Hall reactors the heat was recovered at a 
temperature just high enough for use; but even in 
the industrial reactors which are being built to-day, 
the top temperature of about 380° C. 3 which i is 

achieved in the steam-cyole is at a level which was 
common in conventional steam-power plant practice 
twenty-five years ago. Nuolear power can thus be 


types of reactor which do not give 
promise of these high temperatures are only of 
passing interest or of interest only in specialized 
fields of application. 

But advances in technology bringing down the cost 
of power generation are still taking place in the oon- 
ventional field, so that the point at which the cost 
of nuclear power breaks even with, and then falls 
below, the coat of conventional power is determined 
by the convergence of two falling curves of oost. 
Before we look at the prospects in the nuclear field, 
it is worth while to examine the trend in conventional 
power plants. 

The downward trend in capital oost of steam-power 
plants extends back to the earliest days of the steam 
angine (Fig. 1). The scatter of pointe on which the 
curve is based is naturally wide Dana platte have 
(at each date) been built of different sizes and for 
different conditions, but the trend is clear. In this. 
period the top temperature in the steqm-ocyole has 
risen from 100° O. to 570° O. or, in some present-day 
Pioneering planta, even higher. It would be wrong to 
suggest that the continuing fall in capital oost is due 
only to continued ability to achieve higher top 
temperatures in the heat-cycle, but the advance to 
higher temperatures is the backbone of the develop- 
ment. The use of higher top temperatures was 
naturally scoompanied by the use of higher steam 
pressures ; these made the use of boilers and turbines 
of higher capacity both possible and desirable. The 
use of these sets of larger capacity (as in all prime 
movers) brought down the capital oost per unit of 
output to an extent which outweighed the higher cost 
af the ial materials of construction used to wrth- 
stand ihe: histor temperatures. The use of higher 
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Oost £ per Lp. 


= 





1,700 1,800 1,900 
1954 oqutvaleni capital cost of steam power stations, £ per h.p. 
Fig. 1 


2,000 


temperatures and the practicability (provided by the 
use of higher preesures) of using re-heet, increased 
thermal efficiencies and dombined with the reduced 
capital cost to reduce the cost of generation. 

To project this trend into the future we have to 
take mto consideration other factors in design (such 
as transport of components to site) and in operation, 
such as the size and stiffness of interoonnexion of 
the British electricity grid system. 

Before we can use the forecast of capital cost and 
efficiency prepared in this way to predict the future 
cost of conventional power, we must also forecast the 
oost of coal. It is interesting to find that this forecast 
of future coal costs, depending as it does on oom- 
petition from oil and nuclear fuels, on social habits, 
economic conditions and on Government policy, is 
far more uncertain than the forecasts of capital oost 
and thermal efficiency either in the conventional 
or the nuclear fields, great as are the uncertainties 
-in botf of them. 

When these predicted coal costa are applied to 
stations having the capital costs which are forecast, 
we find that the oost of conventional power in future 
years will be as shown in Fig. 2. It is with theese costs 
that nuclear power must compete. 

Atamio does no more than provide a third 
fuel (elternsiaye to: Gon And ofl) Mish cad be used in 

steam-power planta generating electricity. If, with 
this fuel, we oGuld achieve the ame top temperatures 
7a i tact ot a i ia eg Ss 
Sea ee ee ee 
oanventional power. saa is 
obviously not due to Paia in pane boilers or 
turbines ; it is due entirely to problems within the 
reactor. In descending order of difficulty these 
problems are concerned with the fuel elamenta, the 
moderator, the control of reactivity and the materials 
of engineering construction. 


The top temperature achieved in the heat-cyole in 
nuclear plants of the type favoured in the 
United Kingdom is determined by the bulk outlet 


—it was the temperature limitation in. 
elements that made.power production impracticable. 
For ease of manufacture ahd for nuclear 


F economy, 
the fuel elements were 17 in. diameter rods of cast 


uranium enclosed in aluminium cans; the use of 
magnesium as a canning material waa rejected partly 
because an early and inaccurate determination made 
its neutron ion cross-section unattrac- 
tive, but ultimately because of risk of fire in the 
reactor. When arrangements for manufacture were 
well advanced, the danger arising from formation 
of UAL, by interaction between can and metal was 
realized and dealt with by oxidizing the surface of 
the uranium bar and coating it and the inside of the 
oan with colloidal graphite. This solution was satis- 
factory only for the modest conditions of the Wind- 
scale reactor, where the maximum surface temperature 
of the can was 800° O. and where (because of considers- 
tions connected with weapon design) the maximum 
irradiation of the fuel elements was less than 6500 
MW. days/tanne. Even at these low irradiations, 
the interarystalline movement (due to heat-oyoling 
a material in which the coefficients of expansion are 
greatly different in different crystallographic direc- 
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Forecast of cost of electrical power from coal-fired 
stations at various load factors 
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tions and due to dimensional changes withm single 
crystals caused by neutron irradiation) caused surface 
inkling which was liable to break down the barrier 
of colloidal graphite and permit metallic contact, 
formation of UAl, and oan failure. Wrinkling was 
controlled by heat treatment to produce a fine random 
grain size; but the danger of the UAI, reaction, 
which moreases with temperature, prevented advances 
while aluminium was used as a canning material. 

It was the development of magnesium alloys con- 
taining small quantities of beryllium, calcium and 
aluminium to reduce the possibility of rapid oxida- 
tjon and fire in the reactor which made the use of 
magnesium as a cannmg material practicable, and 
enabled us to reach outlet-gas temperatures which 
made power generation possible. But this magnesium 
alloy (magnox) has ite disadvantages and limitations : 
at the operating temperatures in the cooler part of 
the reactor, it has a low elongation to fracture with 
low rates of deformation (a defect that oan be 
minimized by careful design) and worse, ıt melts at 
about 640° C. Present reactor practice gives maxi- 
mum surface temperatures of cans of 450° C. with 
possibilities of higher temperatures, so that little 
advance can be expected until change is made to 
another canning material. 

Two alternatives are available to nfake the use of 
higher temperatures possible ; stamless steel—ochea 
in itself but expensive overall because its high 
neutron cross-section makes enrichment of the fuel 
neceesary—and beryllium, which grves economy of 
neutrons but rt is an e metal. 

The research by the Atomic Energy Authority on 
beryllium has been most ably done. When its 
development programme was started, little was known 
about the fabrication of beryllium; forming and 
joining techniques had to be found to give components 
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te strength and duotility. Techniques of 
consolidation and fabrication have been developed 
to the point where thin-walled tubes, rod, and forgings 
can be consistently produced to the close dimensional 
tolerances which are necessary. The mechanical 
properties of the fabricated metal are not the same in 
different directions (for example, the ductility of 
extruded metal is greatest in the direction of extrusion 
and is much smaller at right angles to this direction), 
and this has necesmtated work to determine the 
metallurgical structure of the fabricated metal, with 
the view of optimizmg the mechanical erties. 
The high reactivity of the metal at elevated tem- 


_ peratures complicates the problem of joining, and it 


is necessary to use arc welding in argon or helium of 
high purity in order to achieve the desired resulta ; 
as little as 0:05 per cent of oxygen in the welding 
atmosphere is sufficient to make the weld unsound. 
At high temperatures, beryllium is attacked by most 
metals and by carbon dioxide, and it is possible that 
this reaction may Innit ita operating temperature in 
reactors cooled with carbon dioxide to not much 
above 600° ©. Energetic neutrons react with the 
nuolei of beryllium to form helium atoms within the 
crystal lattice, and these affect the mechanical 
properties of the metal and may limit ite useful life 
in a reactor; an irradiation programme has been 
arranged to examine the problem and the first results 
are reasonably encouraging. 

Further expansion in beryllrum pornon will 
reduce the price, but it will always be expensive. 
Because of its high toxicity, great care is necessary 
in it; but experience shows that neither the 
scale nor the typo of operation need be limited pro- 
vided that the fabrication plant is properly designed. 
The problem of the poor ductility remains; but 
recent work suggesta that the duotility is closely 
associated with impurities, and that this fault may 
be resolved by control of composition and by heat 
treatment. 

Though the use of stainless steel or beryllium as a 
canning material opens the way to the use of higher 
temperatures, it means that in either oase the oost 
per tonne of fuel elements will be far higher than 
e a This morease must be offset by using 

oe and by achieving higher burn-ups, 
both bah of which requiremente force us away from the 
use of metallic uranium aa a fuel. 

In present practice the uranium centre tem 
in the hottest fuel element is 590° O. Higher ratings 
necessarily mean higher temperature gradients, and 
when these sre imposed on the higher temperatures 
of the surface of the cans that we must achieve, they 
bring conditions into the range where the phase 
change of the uranium will certainly cause trouble. ` 

In reactors using metallic uranium fuel elements, 
we are hopmg to achieve an average burn-up of 
3,000 MW. days/tonne of fuel. It is improbable that 
figures much in exoees of this will be achieved because 
(apart from distortion caused by crystallme movement 
due to irradiation and heat cyclmg) there is a volume 
increase due to the formation of fission products 
some of which are gases which can coalesce and cause 
awe. , ë 

We thus find that to achieve the higher tempera- 
tures we are forced to use beryllium or 
stainleas steel as a cannmg material; either course 
increases the oost of fuel elements. This must be 
compensated for by sobieving higher ratings arfi. 
higher burn-upe, and this can only be done by using 
uraxiium m ceramic form ag our fuel. 
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Let us now consider the problems of the moderator. 
Graphite was used in the early stages of the U.K. 
project because we had no alternative. It has 
continued in use because it still seems to give the 
i ital and operating costa ; but its 

and 
incompletely understood and it still presents a problem. 

Reactor graphite does not oxidize quickly in carbon 
dioxide at temperatures below about 600-650° O. 
in the absence of radiation. In a pile, however, the 
carbon dioxide undergoes radiolysis with the produo- 
tion of active species which readily oxidize the 
graphite. This reaction causes a loss of graphite, 
with a consequent reduction of mechanical strength 
and moderating power ; furthermore, removed 
by oxidation may be deposited in the oooling circuit. 
The rate of reaction increases with the energy absorbed 
by the gas and thus with the gamma-ray flux and the 
gas pressure, and might, unless checked, become an 
embarrassment m advanced systems. 

Studies of the reaction mechaniam and methods of 
limiting the reactian-rate are being developed. One 
poesible solution is to add to the coolant a gaseous 
inhibitor which will react preferentially with the 
active species. Carbon monoxide has -proved to be 
effective, though it is possible that the which 
has been observed is not caused by an inhibiting 
effect on the active species but by deposition of carbon, 
produced by the radiolysis of carbon monoxide. A 
second possibility of reducing the attack depends on 

evidence that most of the loss of weight 
is due to reactions on the internal surface of the 
graphite. It is probable that formation of active 
species occurs within the graphite pores (which oon- 
stitute about 25 cent of the volume of reactor 
graphite) so that the rate of reaction should be reduced 
by the sealing of these pores. 

The physics problems of graphite result from the 
displacement of carbon atoms by fast neutrons having 
energy greater than the bond-anergy in the orystal. 

The first main effect is that the displaced atoms 
represent an accumulation of energy in the orystal ; 
raising the temperature of the graphite partly anneals 
this damage, with liberation of the stored energy 
ss heat. At low irradiation tem the 


of the “displaced atoms return immediately to the 
vacant sites. The problem can be dealt with in practi- 
Bie agar Rag r E aaa 
which, while sufficiently high to reduce 

-energy to tolerable levels, are well below the tempere- 
Parea oi wish ib d aea] reaction Between ro Iha 
and carbon dioxide becomes serious. 

The second main effect is a change in the dimensions 
of the graphite blocks under irradiation. Displace- 
ment of carbon atoms causes the inter-planar spacing 
fe ne er ee ee ee 
the layers themselves t? contract 
changes are integrated over the blook (in 


stored 


‘ah hee 


shrinkage in the longitudinal direction. As with stored 
of this effect increases with 
the does of radiation and decreases with rise of tem- 
perature. At tamperatures of more than about 300°C 
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there is a sooond dimensional effeot which, as yeb, is 


Nert in oot desnding pader oF diMiouligas-we 
advance in reactor technology were the problems of 
reactor stability- and control, which become more 
acute when highér ratings and burn-upe are used. 
The basic reason for using gas-cooled instead of 
liquid-cooled reactors in 1946 was that they could not 
become instantaneously supercritical, and the large 
sateet distances ‘sequel By the origmal Hanford 
reactors ‘unnecessary. “Operating -experience 
ahuwed dat” with the.low burn-ups used at Wind- 
scale, the reaators had’ a negative | temperature 
coefficient and were, in faot, self-t . At higher 
burn-upe, however, the build-up plutonium in the 
reactor reverses that part of the temperature coeff- 
cient which is associated with the This 
complicates the analysis, but the overall affect is 
that control must be by movement of the control roda, 
and care must be taken to see that departure from 
normality cannot be too rapid to be corrected with 
abeolute certainty. The problam of xenon poisoning 
becomes more acute at higher ratings ; it may cause 
oscillatory disturbances (which would be aggravated 
by the effects of build-up of plutonium), and it can 
also make it difficult to re-start the reactor after a 
shut-down. It is fortunate that the temperature 
coefficient of the fuel element remains negative and 
Set eae Berane nas a 1o kiva at etocbive stabilana 
influence in rapid transienta. 

Last and least in our order of difficulty were the 
problems of engineering construction, and these are 
mainly connected with the pressure system. The 
large preesure shells which are at present used in 
reaction construction demand thicknesses of plate 
so great as to minimize the opportunity for rolling 
and oross-rolling in fabrication, and there must 
be a danger of persistence of casting defects and 
coarse gram in the steel. Welding these thick plates 
is not easy and the problem of brittle fracture 
(which is increased by neutron irradiation) demands 
close attention in design, fabrication and operatiog. 
These problems are reduced by the use of higher 
fuel-elament ratings because the dimensions of the 
pressure vessel for given heat-output are reduced. 
The use of higher bulk-gas outlet temperatures would 
give rise to other difficulties if the preasure shell were 
exposed to these temperatures, but designs can be 
evolved to avoid this. 

It is this history and this present state of knowledge 
and development that has led the Atomic 
Authority to the ign of the advanced graphite 
reactor that is bemg tat Windsoale as a prototype 
for the next logical step forward in technology. It is 
ee ee ee 
510° O. ; the gas flow is so arranged that pressure 
shell is not exposed to this a ppd Loan ace i 
m a of 320° which has passed 

ugh the heat exchangers. The design of the fuel 
elements is such that'either beryllium or stainless 
steel can be used for canning, with uranium oxide 
fuel. The b of the graphite moderator is 
conventional ; graphite loss due to corrosion 
during the life of the reactor is calculated to be 
tolerable, but more work is needed to check this pomt 
and to develop satisfactory conditions. 
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It w estimated that the capital cost of the first 
industrial plant of the advanced graphite reactor 
will be between £95 and £80 per KW. sent out, 
and that they wil, generate power at a cost of between 
0-55d. and 0 50d. per unit or perhaps a little leas at a 
load factor of 75 per oent; these cost brackets are 
naturally wide at @ time when much development 
remains to be done. 

The advanced graphite reactor represents the next 
logical step forward in Britiah reactor practice ; but, 
jyst as nuclear power finds strong competition from 
conventional power in establishing ita new technology, 
fo the new advanced graphite reactor must meet 

goompetition from the better established reactors of 
the Calder type in the early stages of 1ta development. 
The advanced graphite reactor starta with the 
advantage of being able to achieve higher tempera- 
tures in its heat-cyole than are possible in magnox 
reactors, but im ite race to e them it is com- 
peting with a technology which has advanoed rapidly 
and ia capable of further advance Let us then look 
at the industrial progress of the magnox reactors 
with which the advanced graphite reactor competes. 

The downward trend in cost of the nuclear power 
planta which are being built by the Central Eleotricity 
Generating Board in Britain can be closely estimated, 
and is shown in Table 1. 














Table 1 
Station Capacity (LW sent out)| Oost (£/kW. sent ont) 
Borkele 275 (2 1eactors) 100 
Brom | HB is 
Hl Point ” 
ier A 500 a6 128 
Dungeness 550 Gate 110 
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This downward trend arises from the growing 
familiarity of the nuclear power industry with the 
problems of nuclear plant design and construction 
and from better overall optimization of design. It 
is diffoult to separate these mnfluences when. consider- 
ing individual designs, but from the general pioture 
presented by the nuolear stations now being con- 
structed three distinct hnes of advance may be 
seen. These are, first, an increase of pressure in the 
gas circuit, secondly, improved utilization of the 
volume of the pressure vessel and, thirdly, morease ın 
temperature of fuel elements and coolant. 

A higher gas pressure leads to improved heat 
transfer from the fuel elements (allowing more power 
to be removed for a grven fuel temperature limitation) 
and reduces the power required by the gas circulators. 
The higher the preasure, therefore, the greater the 
power that may be drawn from a given reactor. The 
coolant gas pressures for the Central Electricity 
Generating Board stations and for Calder are shown 
in Table 2, together with the preesure veese! dimen- 
sions and plate thickness. 











Table & 
Station ae Shape of Size of 
pe ue Thokness 
cb fea ta.) | vessel of plate 
Calder 100 — j — 2n 
Berkeley 125 cylinder | 80 ft. high x 3in 
50 ft. diam. 
Bradwell 188 sphere 67 ft dam. 3 in. 
Hinkley (eorne 418 
Pont 185 sphas 67 ft. diam 3 in, 
Trawsfynydd 289 sphac 61 ft. diam, 340. 
Dungeness 268 62 ft, diam. im 
(some 4} 1 ) 














This marked morease in preasure is due to the use 
of thicker plate for the pressure vessel and to the use 
of mternal msulation m the hot-top domes. The 
effect of this latter advance ın design 18 shown in a 
comparison between the system preasures of Bradwell 
and Hinkley Point, which have vessels of the same 
diameter and plate thickness. The greatly increased 
pressure at Hinkley Pomt 18 the direct result of 
internally iumsulatmg the top of the vessel, thus 
reducing ita temperature and allowmg a higher design 
stress. The increase in plate thickness follows 
naturally from the growing experience of welding and 
testing thick plate. This experience may be expected 
to lead to consideration of even thicker plate in the 
future. 

Directly connected with this is the choice ef shape 
of veasel—cylmder or sphere. As the reactor iteelf 
is of cylindrical shape, it fits most conveniently into 
a cylmdrical pressure vessel and uses the volume of" 
the vessel to the beet advantage. Unfortunately, 


` the allowable pressure in the cylmder 18 leas than that 


for a sphere of the same diameter and plate thickness, 
and there is therefore a contest between utilization 
of volume and pressure in the system. The ‘reactor 
cylinder’ which has to be fitted into the pressure 
veasel includes the core itself, a cylindrical 
above it which is needed to manœuvre the fuel- 
handling gear, and the heavy structure needed for 
the support of the core. Considerable design effort 
has been put into this structure to reduce ita sıze 
and give a better shape, and hence a better utilization 
factor. How successful these efforts have been may 
be seen in Table 8. 

This table clearly shows the better utilization 
possible with a cylindrical vessel and the considerable 
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Table 3 















* - Utilzation factor Shape of 
| Station (vol. of core/vol of premure vessel) vessel 
Berkeley 0 487 cylinder 
Brad - 0 313 sphere 
Haser a 0-406 sphere 
Tra 0-419 sphere 
Dungeness 0 sphere 





improvements that have been made in volume utiliza- 
tion in the spherical vessel. 

The upward trend in temperature-levels is the result 
of better understanding of the heat-transfer process 
and better optimization of station design to make 
best use of this in terms of plant efficiencies. As the 
systematic and random variations in fael-element 
temperatures become better understood, it becomes 

le to design for operation nearer the limit set 

the properties of the fuel-elament materials. In 
short, the ‘margin of ignorance’ is being reduced and 
used to advantage. This is reflected in higher gas 
temperatures and improved steam conditions, as 
shown in Table 4; it must be remembered, however, 
that there is little more to be gained in this direction. 

Table 4 








conds. | steam conds, 
(ibjeq. inj | (ib./aq, tn./ 


(dog) |e 
deg C.) deg. 0.) 








All these developmenta help the nuclear station 
designer to move in the direction of obtaining more 
power from a given size of reactor and therefore to 
achieve a lower capital cost per kW. We may assess 
the results of his efforts in terms of reactor heat 
generated per unit volume of core. These ‘heat 
densities’ are set out in Table 5; they show clearly 
that the rate of development has been high. 








Table 5 
Heat density 
Biathlon kW.JaL ft. of core kW.jou. ft. of pressure 
vossel 
10-21 4 46 
10-77 3 37 
Potnt 15-09 6-18 
ydd 17 46 7-31 
5 37 6-78 








*There can be little doubt that it would be possible 
to obtain 500 MW. of electrical power from & reactor 
of the Calder Hall type, using a pressure shell of 
about 70 ft. diameter with plate thickness about 
4in. At a time when the only operating experiance 
is fram the Calder Hall reactora with a capacity 
of 35 MW. electrical power, one shrinks from carrying 
the extrapolation in size so far, yet reactors with this 
capacity must be built in order to get the best results 
from the advanced graphite reactor and for oompare- 
tive purposes a 500-MW. Calder type reactor should 
be considered. Using Calder Hall reactors of this 
size and ing economies which oan obviously 
ke made in layout Sid gene) DENE engineering of the 
stations, the caprtal cost d come down to about 
£100 kW., which should give Crean cost of 
around 0-524. a unit. 
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The initial generating cost estimated for the 
advanced graphite reactor shows little, if any, immed- 
iate advantage over the Calder reactor developed in 
this way, yet all logic and history tells one that it is 
necessary to move forward to the type which gives a 
progpect of using higher temperatures. Itis probable 
that, in these circumstances, there will be a pèriod, in 
which the two types overlap, and orders for advanced 

ite reactor stations will be m between. 
orders for Calder type stations until ultimately the 
more technically advanced graphite. reactor shows & 
clear advantage in operating cost over the older type. 
This would conform with practioe-in the conventional 
field, where advance to higher ‘steam conditions has 
never implied that all new power. planta used the 
most advanced conditions. 

Based on these forecasts of development in design 
and downward trend of capital charges, estimates of 
fuel-element prices and the cost of 
nuclear power has been forecast is shown m 
Fig. 4. This figure also shows the forecast cost of 
conventional power and indicates that costae should 
break even between 1966 and 1970, depending on the 
load factor at which it is possible to operate. 

It is disquieting, however, to compare the research 
and development effort which is devoted to bringing 
down costa in the two fields. In the conventional 
field, the available figures suggest that reasearch and 
development costa are of the order of 5 per oent of the 
capital value of power planta built. Information is 
not available to determine the corresponding figure 
in the nuclear field but, if it is assumed that the 
cost of the nuclear sections (that is, the cost of the 
reactors and heat exchangers but excluding turbo- 
alternators and other conventional items) of the 
nuclear power plants built for the Central Electricity 
Generating Board in the years during 1965-75 is 
rather leas than £50 million per annum, it seems 
improbable that research and development costs, if 
effort is maintained at its present level, are likely 
to be less than 30 per cent. 

That research and development costa can be so 
high is easily understood when one considers the 
advanced gas-oooled reactor. It is probable that 
by the time the advanced graphite reactor goes into 
use, research and development expenditure on the 
development of the Windscale prototype will hate 
been of the order of £30 million, and this is only on& 
part of the effort required. It is unquestionably the 
logical step forward in British reactor technology, 
yet it is possible that the number of power stations 
built by the Generating Board to use this type of 
reactor will be leas than ten. 

By the mid-1970’s, advance to higher temperatures 
and higher ratings is likely to make the mtroduotion 
of another thermal reactor necessary. (This article 
does not consider fast-reactor development because 
it is felt that it is at present an to the develop- 
ment of thermal reactors.) In the absence of develop- 
ments which gannot at present be foreseen, it appears 
that we are reaching the limit of ture and 
neutron intensity at which graphite oan be used as an 
irreplaceable moderator, and that we shall be forced 
to types of reactor which make replacement or re- 
conditioning of the moderator possible. 

The high-temperature gas-oooled reactor which is at 
present in the project stage at Winfrith Heath (as a 
joint venture with other European countries) is an 
effort to meet the problem by using the graphite as the 
canning material for the fuel; it is thus replaced as 
the fuel elementa are changed. Cae enriched 
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uranium in ceramic form in a semi-homogeneous 
system (which is capable of breeding), this reactor 
should, if it is successful, make it le to achieve 
temperatures exceeding 1,000° O. in the heat oyole. 

If sach a system, using a replaceable graphite 
moderator, cannot be evolved, the alternative would 
be to use heavy water as a moderator, so that radiation 
damage can be repaired or removed during circulation. 
At that stage it would probably be convenient to use 
steam instead of carbon dioxide as a coolant. Ameri- 
can reactor development has generally been on the 
Imes of water-moderation and oooling. As they 
make their way towards higher tures in the 
heat-cycle, they will probably be forced to use steam 
coolmg instead of water cooling. If this happens and 
if British development takes the line suggested, the 
two streams of development, starting so far apart, 
will have flowed logically together. 

Meanwhile, we are faced with the fact that if the 
present rate of technological progress in the nuclear 
field is to continué, there appears to be little 
thal ceeaioh and development este will tall” Be 
are likely to remain at about 30 per cent of ospital 
expenditure 


For how long oan the electricity industry justify 
this ? The rate of advance in the nuclear field was 
determined initially by effort which was part of, and 
was justified by, the defence . Remem- 
bering that the demand for electricity has a doubling 
period of ten years, that the total fuel requirements 
of the Generating Board (expressed as coal equivalent) 
are now 54 million tons a year and will rise to 80 
million tons a year by 1970, and rem ing that 
it is improbable that sufficient Britiah-mmed coal 
would be available to meet the Board’s total fuel 
requirement by some date in the 1970's, it appears 
reasonable to aim at oantinuing the high rate of 
advance of nuclear technology to the point where 
nuolear power breaks even in oost with conventional 
power; we shall then have freedom to manœuvre 
in a three-fuel economy. After that date, which is not 
remote, it is surely reasonable to think that research 
on reactor technology should be justified by savings 
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which can be expected to arise from ite industrial 
application. It is interesting to speculate how much 
the downward trend in the cost of conventional power 
could be increased if it could attract as great a research 
and development effort as ita nuclear rival. There is 
no suggestion that it should attract such expenditure, 
but it is suggeeted that re-deployment of research and 
development resources must be carefully considered 
and that this consideration will probably demand a 
distribution in a few years time. 

It is possible that there is, to-day, a danger that the 
deployment of research effort can be distorted by 
alley’ youre work directed to defenoe and paid for 
by detence funds. Although work in the defence 
field may be directed to a few major projects, the 
ancillary wtrk is widespread; for example, the 
development of nuclear weapons has demanded and 
fostered intensive and expensive research in ion 
exchange, solvent extraction, fluorine chemistry, 
vacuum technology, the metallurgy of a wide range 
of metals, the development of high-speed digital 
computers and other things. All these developments 
find industrial applications, so that the ‘hot-house’ 
growth of technology in the defence field affects the 
rate of development in many industrial fields where 
application is possible. When this happens only 
in the limited time of a war, the effect is beneficial ; 
when peace returns, the injection of defenoe tech- 
nology into industrial practice is a useful stimulus. 
But since 1946 conditions have been such that a war- 
time rate of development has continued in defence 
and its many ancillary fields, and one wonders whether 
the injection of these mente into the industrial 
field has not over-stimulated some industries in & way 
that makes it hard to live with them, while diverting 
effort from others. To avoid this would be difficult ; 
but, as the emphasis of defence development moves 
from one field to another (and, one hopes, is ultim- 
ately relaxed overall), it is possible and desirable to 
examine the rate of advance whioh has been induced, 
and to ensure that it is adjusted to what is economic- 
ally justifiable and that it does not continue by pure 
habit at a rate whioh is artificially high. 


. FOOD AND ANIMAL PRODUCTION 


SESSION on ‘Food and Animal Produstion 

Overseas”, arranged by Section M (Agriculture) 
of the British Association, was held m Cardiff on 
September 2. 

Mr. J. H. Anderson, of the National Agricultural 
Advisory Service, presented a rather gloomy picture 
of the present position of “Food Production Problems 
of the Middle ”—low rainfall, uncertain time of 
onset of the spring rains and, whem it did come 
in quantity, the flooding of large areas and soil 


erosion. . 
For example, it had been caloulated that in Iraq 
some 170 ion tons of soil was carried down in the 


Tigris every year. Soil destruction by arable cultiva- 
tions only and by over-grazing are leading to a 
worsening of the position. The average size of the 
holdings is small; for example, 90 per oent of the 
faci iri aaa caver les iian ‘Siaerss. In many 
oases these provide only enough food for the oocupiers 
and nons to supply the rapidly growing urban popula- 
tion. Throughout the area higher ednoation tends 


to be directed to law rather than to technical training 

for the agrioultural advisory or even medical ices, 

there being only about two medical practitioners for: 
every 3,000 inhabitants. He proceeded, however, 

under various headings, to describe what is being - 
attempted and what is further needed to improve 
these conditions. Except for Egypt, better and 
water-use is required : afforestation is wanted on the 
mountains. In Syria some 80,000 trees, in addition 
to windbreaks, are being planted to hold the water. 
In the discussion afterwards, it was mentioned om 
very di loughing with tractors, rather than t 

becsent: shallow cultivation with wooden ploughs, 
would allow the water jo sink in rather than run off 
or evaporate. Mr. Anderson also pointed out that it 
is increase in yield per acre which is required rather 
than increase in cultivated area. For this purpose 
nitrogenous fertilizers are one of the chief require- 
ments, bub the oost of importation is too ts 
Iraq is, however, setting up a nitrogen plant. Eroe 

for Turkey, Israel and Egypt, new improved varieties 


No. azas September 24,1960 NATURE . 


$e crops with better yielding 
required. Throughout the whole area, locust destruc- 
tion is needed. Much more irrigation is required ; 
great advanoes are being made in Israel, where it is 
hoped by 1875 to double the t area and triple 
the crop output. One prob biem with irrigation is 
increase in the salinity of the soil, some 70 per cent 
of the irrigated area in Iraq being more or less affected 
by this: research is needed in desalinating 

Liveelock naprovement widine wanted, ‘except for 
Israel and Egypt, from oattle and buffaloes 
tively, milk is in poor supply. To produce this, more 
feed from arable cultivation is necessary. In the other 
countries, the browsing goat is a useful source of milk 
supply. The need for tractors is great, but develop- 
ment in this respect is slow owing to the pheapness of 
labour. However, as pointed out in the discussion, 
tractors are necessary for deep ploughing on hard soil 
before the rams come. As in most places, a better 
system of agricultural credit should be made available 
to effect these improvements. Methods of helping 
the small farmer to accumulate capital were mentioned 
in the discussion on the paper by Mr. B. N. Chatterjee. 
Much could be done to improve food production in 
this area if the advisory services for farmers could 
be raised to a higher level and their personnel better 
trained. 

Dr. J. Griffiths Davies, of the Australian Institute 
of Agricultural Science, gave an sooount of “Pasture 
Development of Tropical Australia”. In the northern 
area the rainfall is a summer one, which ranges from 
10 to 180 in. as one passes from the southern to 
northern tropics and from central to coastal areas. 
In general, the soil ia poor and suffers from deficiency 
of nitrogen, calcium, phosphate and potash, as well 
as many of the trace elements too. Throughout most 
of the area oattle rather than sheep are the mam 
product. Slides were shown of typical primitive 
vegetation areas and the methods used for their 
improvement. In areas of long dead grass, burning 
allows the young green shoots at the base to become 
available to cattle. In the acacia country, the bush 
is pulled over by chains between powerful tractors, 
piled, burnt and grass seed, such as that of Buffel and 
Rhodes grass, sown. One of the features of grass 
growth in tropical areas ia the very rapid and luxuri- 
ant growth which occurs in the wet season; this, 


capacity are also 


with the onset of the dry season, develops fibre and- 


is low in protein and energy value for feeding purposes. 

During the discussion which followed, it was 

that under such conditions the grass should be cut 
frequgnily during the wet season and made into 

” silage for feeding during the dry season. 

One of the main limiting factors for growth of grass 
ehroughout the tropical perta of Australia is the 
supply of nitrogen in the soil, and it is one of the 
most costly to apply, being about £89 per ton. 
Whereas in the south of Australia the application of 
phosphates and seeding with subterranean, strawberry 
or white clover supplies nitrogen for the grass, there 
are at present no suitable legumes for this in the 
northern areas; search for these is now in progress, 
Throughout the tropic, legumes, such as cow peas, 
oto., have been found for arable culture, but none 
suitable for incarporating into grasaland has yet been 
used. Slides of some species which might 5 
suitable were shown; one oame from B Brazi, and 
another from Guatemala. Various requirementa are 
necessary in addition to their capacity for cor 
nitrogen—-a perennial character, palatability and 
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on-taxicity for cattle. In addition to finding suitable 
ppaciod, ‘thers ta aibo Gio ieoblean af Anding we ght 
strain of organiam to inoculate the seed. Slides were 
shown to illustrate the very large differences which 
exist in the growth of the legume due to this 
factor. 

The importance of the problém is seen in the fact 
that there are some 90 million acres of poor soil in 
tropical Australia on- which such legumes could be 

into the 

Mr. B. N. Chatterjee, of the Department of Agri- 
culture, Bihar, in his paper on ‘Animal Production 
and Fodder Resources in India”, described the five 
main agricultural zones, conditioned mainly by 
rainfall and altitude, and compared the vast differ- 
ences which exist between the level of nutrition of 
the people there and in the United Kingdom. Typioal 
examples of some of the breeds of zebu cattle were 
shown. The two dairy breeds, the Sindhi and Sahiwal, 
are small, both in size and numbers, but they give 
reasonable quantities of milk. Some dual-purpoes 
work-milk types exist, but for the most part the 
breeds in India are specialized for draught purposes. 
Buffaloes supply much more milk than oattle and 
their milk contains some 7'5 per oent of fat. Goats, 
too, are used widely as sources of milk and moat 
supplies. 

Three maim systems of animal husbandry exist. 
The State breeding farms form the main and prac- 
tically the only source of livestock improvement. 
As was pointed out in the discussion, these are not 
large enough or numerous enough for the work that 
needs to be done in improving the mulk yields of their 
cattle. The village farms, which are very small, 
provide little more than draft bullocks and barely 
enough milk for their own needs. Thirdly, there are 
the nomadic herdamen, mainly with sheep and goata 
which are folded on crop residues and graze marginal 
land. For the most pert, feed for animals is supplied 
from crop residues, many of which contain large 
quantities of fibre. The village graxing areas are over- 
stocked and provide more exercise than nutrition. 
The growing of fodder and the making of silage 
for the dry season are needed, while the killing 
of the older cattle in necemmary to allow of a higher 
nutritive level for those which have a productive 
value. 

In the discussion which followed, it was pointed 
out that not only would the production of more nfilk 
in the villages and its collection by organizations in 
nearby towns such as that existing in Poona, be of 

to the nutrition of the urban population, 
but also the weekly income derived from it would 
keep the villager out of debt, so that when his crop 
came to be harvested it would be his and not the 
mo . Moreover, if more milk were oon- 
sumed, it would have a sparing action on the need for 
cereals, and so some land could be released to grow 
fodder crops, after whioh the yields of cereals would 
be higher. In pig-feeding experimenta in England, it 
has been shown it requires some ð Ib. of cereals 
to produce 1 lb. live weight, whereas when a little 
animal protein such as is added, this is reduced 
to about 4 Ib. The question of whether the essential 
amino-acids in animal protein could be added to 
extracted leaf protein is at present out of the ques- 
tion, owing to the high cost of the synthesized 
producta. 

During the course of the discussion, Prof. J. Gross- 
man from Brasil gave a shore Ilustrated account of 
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the agricultural zones there. The projecte for irriga- 
tion in the highly populated areas were mentioned. 
“The areas in the south with a 60-in. rainfall 
could, with phosphates and clovers, produce suitable 
feed for cattle. While in the far south European 
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breeds of cattle can be kept, farther north it is 
necessary to use zebu cattle. Recently, however, 
improved beef types which are tolerant of heat, such 
as the new Santa Gertrudis breed from Texas, have 
been introduced. Joan HAMMOND 


GROWTH BY CELL DIVISION IN INSECT TISSUE CULTURE 


By Dr. B. M. JONES and I. CUNNINGHAM 
Department of Zoology, University of Edinburgh 


HE cultivation of insect tiasues and cells, first 

attempted about fifty years ago', has been an 
unexpectedly difficult problem’. A method for the 
routine production of insect cultures in a medium 
that can be easity prepared, and the provision of 
adequate evidence of growth by cell division taking 
place in them as in vertebrate cultures, has not hither- 
to been available‘. The delay in devising such a 
method arises largely from pioneer work having to 
rely on knowledge of the requirementa that favour 
the growth of vertebrate tissue in culture’. Reoently, 
however, encouraging resultes have been obtained in 
maintaining insect tissue in a phymological solution 
based an tha compomtion of msect hamolymph’, 
which differs profoundly from that of the blood of 
vertebrates*-1, 

The purpose of this article is to describe briefly 
the resulta of an investigation undertaken to try to 
devise a method of producing insect tiasue cultures 
m @ routine fashion, and to evaluate in particular the 
extent and nature of growth by cell division in the 
cultures obtained. The work is based on the use of 


~ diapause pups of the silkmoth, Phslosamia adrena, 


as a source of ovarian tissue for explants, and of 
haemolymph for inclusion m the culture medium. 
It so happens that development in these pupæ is 
arrested for about six months from the 
autumn to the early summer, 4 period that oan be 
l ened if need be by storing the pupa oontinu- 

at 25° O. (ref. 12). The pupæ, in providmg 
tissue in a more or leas uniform state over such a long 
period, thus favour the design of a method of produo- 
ing insect tissue cultures as re- 
quired. Ko does the use of a 
medium that can be prepared 
easily. The one employed in the 
present work consisted easentially 
of salts, sugars and organic acids, 
based on ious work*, lact- 
albumin hydrolysate (‘Difco’), TO 
yeastolate (‘Difoo’), and pupal 
hemolymph. The latter was pre- 
heated before it waa added to the 
medium’. The usual precautions 
were taken in preparing hangmg- 
drop cultures to ensure freedom 
from contamination. Strepto- 
mycin and icillin were also 
added to the medium at 100 Lv. 
and 50 1.0. per ml., respectively 
(Table 1). 

In the preparations incubated at 
25° ©., cells began to mi from 
the explants on about the third 
day, and from the fourth to ninth 


Table 1. OOMŅOSITTON OF THE MADIUN FOR THE CULTIVATION OF 
OvaRian TISSUS OF THE DIAPAUSS PUPA OF THE SILKXOTEH PAtlossma 
100 mL 1 nf 
A, NaH, PO 110 D. Mabe acid 60 
e0 300 Ketoglutarioand : 35 
17. 370 Buono acid 6 
K 300 Fumaric acd 55 
B. Cah, 80 TO tolate 
CG. Giuecss 70 (Difoo’) 100 
Fiuctose 40 
Sucrose 40 (‘Difoo’) 1,000 


The salis wero dimolved in 30 ml. water; oaletum chloride in 
7 mL water; i gais in 10 pil water otganse acids in 5 mL water and 
neutralized with potassium hydroxide, Lectalbumm was dissolved 
by ese ing st 10 lb: TÐ; peomure for 10 min, SB TAL waters a 
yeastolate solutions were mixed, adding 
oaan ale pH Was adymited to 0 25 with 10 per cent 

tesnum hydroxide, an: q Mon pro teated heæmol. was 
Pad finally sntablotio. Bee text farther information, 


days the cellular outgrowths spread extenarvely over 
the surface of the coverglassa (Fig. 1). The medium was 
changed every fifth day. The cultures remained 
healthy for up to four weeks, and in appearance they 
resembled. primary ohiok fibroblast cultures. 

To permit an estimation of growth by cell division 
in the outgrowths, and to ascertain the nature of the 
cells mvolved, a technique was devised for making 
permanent stamed preparations of cultures in situ. 
Adhesion of the explanta and the outgrowths to the 
coverglass, an umnportant requirement for oarrymg ıt 
out successfully, was greatly favoured by the presence 
of 10 per cent hæmolymph in the medium, and by 
inverting the culture chambers during moubation. 

Examination of such preparations revealed that 
several kinds of cells originating from the different 





Fig. 1. Inner region of cellular outgrowth, elghth day + vitro 


large vacuolated cells derived from the ovariole sheath and other cells 
tbeinitormádiate eye of khe oreo presin} ın oelinisr outgrowth, ninth 
day ta miro, phase con! 


Nature, Sepleniber 2d, p 1003 





Fig. 3. Prophase tn ovanole «heath cell in cellular outgrowth stalned with Erblich’s hematoxylin 24 sum. O daya Fig. 4 Metaupha+ m 

ame kind of cell in outgiowth, 9 days. Fry. 5 Late anaphase, 9 i. Fg 6. Metaphase, 12 days. Fig 7. Barly anaphiw, 12 dava, 

Fig 8. Telophases dipliyed by celh derned from the infermediate laver of the ovanole, 9 days, Fig.9. Celle of mterne mte iver w 
outgrow th almost completely divided, 8 dava. (The number of days refers to age of culture) 
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regions of the ovary, long ago described in detail}, 
were present in the outgrowths, those of the ovariole 
sheath and of the intermediate layer of the ovariole 
tubule being predominant (Fig. 2). It was leas easy to 
be certain of the presence of cells of the inner follicle 
layer; but it is likely that these cells only escape into 
the medium when their bounding membrane is 
impaired in the explant. Occasionally, the extremely 
large nurse cells wandered out into the cellular field. 
Brush-like extensions composed of cells derived from 
the connective tissue cap, which encloses the distal 
portions of the ovariole tubules, and epithelial sheets 
formed by ocells of the ovariole sheath, often appeared 
in the cultures prior to the migration of discrete oells. 
It has been suggested that hamocytes might be 
present in the outgrowths‘, and it would be interest- 
ing to learn to what extent they are involved. 
Mitosis in the outgrowths was mainly confined 
to the cells of the ovariole sheath, and those 
of the intermediate layer. These cells, scattered 
in the cellular field, displayed mitosis at all stages 
(Figs. 3-0). In cultures 5-6 days old the mean 
mitotic index was 1-0 per cent, in those of 8-9 days 
0-5 per cent, 12 days 0 3 per cent, and 21 days lees 
than 0-3 per cent. From an estimated mitotio index 
of 0-5 per oent over a period of 12 days, and also fram 
the fact that oolls in culture took 30 min. to divide, 
one may infer that the oells that were capable of 
mitosis produced several generations during this 
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period. Mitosis in cultures three weeks old also 
supported the conclusion that growth by cell division 
was progressive and therefore resembled that which 
takes place im primary cultures of vertebrate 
tissue. 

It is hoped to publish the details of this work, 
whioh was made possible by a grant from the Agri- 
cultural Research Council, elsewhere in due course. 
We thank Prof. Michael Swann for helpful dis- 
cussions, Dr. Honor Fell for the interest she has 
shown in this work, Dr. John Campbell for taking 
photographs of mitotio figures in our preparations, 
and also Mr. Dennis Cremer for his help in the 
photography. 
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OBITUARIES 


Prof. H. Moore 


Emanirus Pror. Harry Moorm died on August 5 
at the age of seventy-two. He was educated at Belle 
Vue School, Bradford, and the Royal College of 
Science, London, where he was afterwards demon- 
strator, and then lecturer, in physica at King’s 
College, London, durmg 1908-15. During this period 
he published papers on the ionization produced by 
X-rays in various materials. 

He was a very capable craftaman and he turned 

talent to very good war-time use when during 

1916-18 he was co-manager of the Munitions Training 
t at King’s College, London. There fol- 

lowed a short period as technical officer to the 
Training of the Ministry of Labour, but 
in 1919 he joined Sir Herbert Jackson im the newly 
formed British Scientific Instrument Research Amo- 
ciation. It was here that his interest in glass was 
first aroused, and he was responsible with Jackson 


war-time Committee for Glass Research of the 
Institute of Chemistry. In 1938 he followed Sir 
Herbert Jackson as director of research of the British 
Scientific Instrument Research Association, a post 
which he held for four years, and in 1937 became 
director of the Research Laboratories then being set 
up by Brothers, Ltd., m St. Helens. This 
post he held from 1987 until 1045, and during this 
time he became very active in circles concerned with 
glass technology, serving as president of the Society 
of Glass Technol during 1944-46. 

Moore was appointed to the chair of glass tech- 
nology in the University of Sheffield when W. E. 8. 


Turner retired. The Department was set up in 1915 
with the funotion of teaching in the subject of glase 
technology and with carrying out investigations and 
research on problems connected with industry. It 
was governed by a body known as the Glass Delegacy, 
the members of which were about equally divided 
between the University and industry. This unique 
arrangement had functioned extremely well during 
the period in which Turner held the chair, and while 
the number of University students was small. After 
the Second World War, the growth of the Depert- 
ment’s teaching work and the demands on its time 
by industrial inquiries soon convinced Moore that 
some change in its structure would eventually be 
needed, and when he retired in 1955 the Delegacy, 
under the chairmanship of Dr. L. H. A. Pilkington, 
had just completed ta for the settifg up 
of the new British Glass Industry Research Associa- 
tion. These arrangements left the University Depart- 
ment free to carry out teaching and research exactly’ 
as a normal university department. 

In addition to the duties of his chair, Prof. Moore 
had been dean of the Faculty of Engineering for the 
three years, 1948-51. While heed of the Department 
of Glaæ Technology, Moore’s chief research work was 
concerned with the colours of glass and particularly 
those due to iron; & fascinating problem which, 
apart from ite technological dmportance, for iron is 
an ever-present impurity in all raw materials used 
for glase making, has great scientific interest. 

Shortly after Moore retired, the Society of Glass 
Technology found iteelf without an editor, and he 
allowed himself to be persuaded to step into the 
breach. Once having been persuaded, he threw him- 
self into the task with characteristic energy and 
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attention to detail for a period of eighteen months. 
Towards the end of this period, however, he seamed 
to realize that he was no longer a young man, and 
after a shart period in hospital, he and Mrs. Moore 
decided to move south and, as he himself put it, “‘to 
rusticate completely”. In Septamber 1958 they 
moved to Arundel, where his younger son had been 
living for a year or so. The move was a success and 
it is pleasant to think that he and Mrs. Moore had 
two years of quiet retirement together. 

The University of Sheffield and the glass i 
will always be conscious of the great debt it owe’ to 
Harry Moore for his energetic leadership and wise 
guidance of the Department of Glass Technology at 
a oritiocal period of development and decision. 

: R. W. Dovernas 


Walter Baade 


Wrra-the death an June 26 of Walter Baade, 
astronomy loses a truly outstanding figure. 

Some thirty years ago, it was generally expected 
that Baade would succeed to the directorship of one 
of the major German observatories. But this was 
not to be. In 1932, at the suggestion of Edwin 
Hubble, Baade was offered a two-year fellowship at 
the Mt. Wilson Observatory. His knowledge of 
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Biochemistry at Lelcester : Prof. Hans L. Kornberg 


Dez. Hans L. Koawasec, who has been appointed 
to the newly established chair of biochemistry at the 
University of Leicester, -has distinguished himself 
especially by a series of papers on the metabolism of 
ample carbon compounds in micro-organisms. He 
has made major contributions to the elucidation of 
the pathways leading from acetate and more highly 
oxidized carbon compounds to cell constituenta 
when such compounds serve as the sole source of 
carbon. Dr. Kornberg was educated at Queen 
Elizabeth Grammar School, Wakefield, and the 
University of Sheffield. He started his postgraduate 
career in the De t of Biochemistry ab the 
Univeraity of Sheffield in 1949 after ing in the 
`- Honours School of Chemistry. 1958 he was 

awarded a Commonwealth Fund fellowship, which 
. he spemt in the laboratories of Dr. H. Racker of Yale 
University and the Public Health Research Institute 
of the City of New York, and of Dr. M. Calvin at the 
University of California. Since 1955 he has been a 
member of the staff of the Medical Research Oouncil 
Unit for Research in Cell Metaboliam at the 
ment of Biochemistry, Oxford, where he has headed a 
very active research group including many visitors 
from overseas. 


Botany at St. Andrews : Prof. J. A. Macdonald 


Da. J. A. MACDONALD has been appointed professor 
of botany at the University of St. Andrews in 
succession to Prof. J. H. Burnett, who is taking the 
chair of botany at King’s College, ‘Newcastle-on-Tyne 
{see Nature, 186, 1016; 1960). The appointment of 
Dr. J. A. Macdonald, who is at present senior lecturer 
in the Department of Botany at 8t. Andrews, will 
bring pleasure to a wide circle of botanists, not least 


with him. 
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astronomy proved so comprehensive, and his tele- 
soopic technique so perfect, that this temporary 
arrangement soon became sot. Baade re 
mained a staff member of the Mt. Wilson and Palomar 
Observatories until retirement two years ago. 

At the time of his emigration, Baade was perhaps 
best known for his work on Cepheid variables. 
‘Baade’s criterion’ is still spoken of m the subject. 

In a short space, only the briefest mention can be 
made of his outstanding contributions. There was 
work on supernove, first with Zwicky, then with 
Minkowski. Baade’s supremacy as an obeerver was 
widely acclaimed after his brilliant resolution in” 
1944 of stars in the nucleus of the Andromeda 
Nebula. In his contribution to the dedication of the 
200-in. Palomar telescope, he clearly foresaw the 
great contribution that the colour-magnitude dia- 
grams of star clusters would make to the under- 
standing of stellar evolution. Perhaps his most 
famous piece of work was his re-assessment, some 
ten years ago, of the distance scales of the universe. 
Outstanding in recent years has been the optical 
identifloation, in collaboration with Minkowski, of 
cosmic radio sources. 

Almost every one of Baade’s papers turned out to 
have far-reaching consequences ; and much has died 
Faep Hora 
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to those in Sootland. His appointment ensures the 
continued happy development of the department, 
and the Botanic Garden, much of which was initiated 
by him during 1950—55 as acting head of the depart- 
ment. Born at Dingwall, Dr. Macdonald was educated 
successively at Paisley, Inverness Royal Academy 
and the University of Edinburgh. He obtained the 
B.8o. (Agric.) with honours in botany in 1981, and 
the Ph.D. in 1935. He was then appointed lecturer in 
botany at St. Andrews and senior lecturer in 1953 ; in 
1947 he was awarded the Sykes Gold Medal for his 
D.80. thesis: Elected Fellow of the Royal Society of 
Edinburgh in 1940, he has served on the Council sice 
1956; during 1955-57 he was president of the 
Botanical Society of Edinburgh. Dr. Macdonald’s 
special interesta are in fungal cytology, the general 
biology and life-cycles of rust fungi and pathogenic 

i. He has brought to these studies the very 
needful qualities of healthy scepticiam, great tenacity 
and patience. His work has stimulated interest 
in the somewhat neglected fleld of somatic fungal 

cytology. To his teaching Dr. Macdonald brings 
humour and good sense; to his University, loyalty 
and a wide acquaintance with university adminis- 
tration ; to his colleagues and students, friendliness 
and ing. He will take up his appointment 
on January 1, 1961. 


U.K. Agricultural and Food Attaché In Argentina : 
Mr. A. G. Mill 


Mz. A. G. Mizz, a livestock husbandry advisory 
officer of the National Agricultural Advisory Service, 
has been appointed agricultural and food attaché on 
the staff of the British Embassy in Buenos Aires, in 
succession to Mr. R. H. Smyth, who has retired. 
Mr. Mill was educated at Warwick School and Harper 


fe 
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1 
Adams i College. Durmg 1929-38 he 
worked for Liebig’s Extract of Meat Co., in Argentmsa. 
He joined the Ministry of Agriculture and Fisheries in 
.1939 as a livestock officer. During 1945-49 he was 
loaned to the Colonial Office for service with the 
Government of Barbados. On his return to the 
- Ministry in 1049, Mr. Mill was appointed agricultural 
attaché in Buenos Aires where he served until 1952, 
having led the United Ki d ion to the 
Inter-American and Food and Agriculture Organiza- 
tian Conference in Monte Video, Uruguay, in 1950. 
Since 1952 he has been a livestock husbandry advisory 


officer of the National Agricultural Advisory Service, - 


stationed in the West Midland Region. 
Future of Broadcasting In Great Britain 

Tas Committee on Broadcasting under the chair- 
manship of Sir Harry Pilkington is ready to receive 
representations. The terms of reference of the Com- 
mittee are: ‘To consider the future of the broad- 
casting services in the United Kingdom, the dis- 
semination by wire of broadcasting and other 
programmes, and the posibility of television for 
pubhc showing, to advise on the services which 
should in future be provided in the United Kingdom 
by the B.B.C. and the LT.A.; to recommend 
whether additional services should be provided by 
any other organization, and to propose what financial 
and other conditions should apply to the conduct of 
all these services”. Any person or organization 
desiring to submit evidence of to make 
tiong to the Committee should address them in 
writing to the Secretary, Oommittee on Broadcasting, 
G.P.O. Headquarters’ Building, St. Martin’s-le- 
Grand, London, E.C.1, as soon as possible, but not 
later than November 30. 


Electronic Equipment In the French Nuclear Energy 

Industry . 

No. 8 in the Review Series published by the Inter- 
national Atomic Energy Agency, Vienna, is entitled 
“Electronic Equipment used in the Nuclear 

in France” and is in French with Hnglish, 
Rusian and Spanish translations of the troduction 
and table of contents. The authors, P. Deansiges, M. 
Doireau, L. Koch and J. Weill, are members of the 
staff of the Centre d'Etudes Nucléaires, Saclay, and 
the subject-matter refera particularly to French 
practice, though much is comman to other countries 
and equipment similar to that described is available 
in many places. The four sections of the review deal 
respectively with basio electronica equipment for 
laboratories, such as rate meters, pulse-height 


analysers and monitoring instruments, and 
hei ication: alized ment “ine 
cluding particle detectors of yarious kinds and oom- 
plex electronic ent for carbon-l4 and tritium 


measuring techniques; reactor control equipment, 
including neutron detectors, amplifiers, servo-mech- 
anisms and io computers; and special 
applications of nuclear electronics’ invofved in pro- 
specting for uranium minerals, the control of the 
chemical processing of plutonium and fission products 
and the detection of age of fuel contaimers. Details 
of circuitry are not given; but a comprehensive list 
of references at the end of the Review includes reviews 
covering specific aspects and a catalogue published 
by the French atomic energy authority which con- 

_ tains data on commercially available nuclear elec- 
tronic instruments. 
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Report of the Government Chemist 
Tam report of the Government Chemist for 1988- 


59 (London: H.M.8.0., 1960. 3s. 6d. net) con-, ` 


tains accounts of a wide range of subjecte studied - 


during the period stated. The responsibility for 
this Laboratory, previously known as the Qovern- 
ment Chemist's t, from HM 
Treasury to the Counal for Scientific and Industrial 
Research on July 1, 1959, and the report covers the - 
period from April 1958 to December 1959. An inter- 
esting discovery is that of the poisonous alkaloid 
eolanine in dangerous amounts in early new potatoes 
imported from the sub-tropics. The formation ‘of 
‘ persistent foams in sewage treatment and in rivers, 
resulting from the use of synthetic detergents, has 
been fully investigated and the report contains much 
information on this subject. The use of alternative 


maternal is likely to mitigate the trouble. f : 


Accidents in Mines and Quarries 


THA annual 
of Mines and for 1959 (London: H.M. 
Stationery Office) for each of the eight divisions 
(Scottish, $s. 6d. net ; Northumberland and Cumber- 
land, 2s. 6d. net; Durham, 88. 6d. net; 
Eastern, 3s. 6d. net; North Western, 3s. net; Kast 
Midland, 3s. 6d. net; West Midland and Southern, 
3s. 6d. net; and South Western, 2s. 6d. net) have 
been published at intervals- during the pest few 
months. The reports deal with aocidenta and their 
prevention, dangerous occurrences, ventilatian, safety 
organization, traming, education, health and welfare 
in connexion with all mines and quarries m Britain. 
Most of each report concerns coal mines, with 
emphasis on acadents, dangerous occurrences and 
safety. Aocident-rates, fatal and non-fatal, from all 
causes show improvements in some divisions, oom- 
pared with averages for the past three years, but not 
in others. During 1959 the number of men killed in 
coal mines varied, among the divisions, from 0-47 to 
5-08 per million tons mined, while the number killed 
per thousand workers varied from 0:18 to 1-13; the 
corresponding figures for serious non-fatal accidents 
were 4-62 to 15-01 and 1-97 to 3-17. Except in one 
division, where 47 men were killed in an underground 
fire, more accidents at coal mines were due, as usual, 
to falls of ground than to any other single cause and, 
over Britam as a whole, accounted for 142 deaths 
out of a total of 848 and for 710 serious non-fatal 
accidents out of a total of 1,676. Mining is hazardous; 
but it 1s clear from these reports that the accident- 
rates could be much reduced 
and application of good sense. 
Introducing Atomic Energy : 

A sans of articles entitled “A. Plain Man’s Guidè 
to Atomic Energy” is being contributed by P. J. 
Dunctan, the director and general manager of 
(Heston) Fairey Engineering Ltd., to the quarterly 
magasine Fairey Review. In the first article an 
outline was given of the general structure of matter 
and the relationship between matter and energy, 
and in the second article whigh appears in the current 
issue (3, 36; June 1960) radioactivity and the 
release of nuclear en are discussed. Reference is 
made to the claasic investigations of the Curies, 
Rutherford, and Cockcroft and Walton, but the 
opportunity ıs taken to mention and to give illus- 
trations of modern methods and equipment for” 
handling and machining radioactive materials. A 


N 


by adherence ta rules 


of H.M. Divisional Inspectors - 


. obtained from Fairey 
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calourod chart: af the elemanta antiidiag allan 
isotopes, with stable and unstable isotopes and 
nuclear isomers shown separately, and with two 


- typical radioactive-decay chains, accompanies - the 


article. (Uncreased copies of the chart may. be 
Lid., 24 Bruton 
Street, London, W.1.) The third article in the series 
will deal with the interaction of neutrons with matter 
and the general economy of neutron production in a 
flasion reaction. 
Strontium released from the Windscale Accident 
Ix is perhaps surprising to find another publication 
on the Windscale reactor accident in October 1957. 
However, a recent joint report by the United King- 
dom Atomic Hnergy Authority and the Agricultural 
Research Council, entitled ‘The Deposition * of 
Strontimm-89 and Strontium-90 on Agricultural Land 
and Their Entry into Milk after the Reactor Accident 


at Windscale in October 1957”, provides a useful 


reassurance. that radiostrontium from the reactor was 
probably not deposited on the ground in biologically 
significant quantities (Report AHSB (RP) R2. Pp. 
ii+26+65 plates. London: H.M. Stationery Office, 
1960. 5s. net). The concentrations of strontium-89 
and. strontium-90 in herbage, root-mat, soil and milk 
are given in detail for no less than thirteen farms. 
Only for farms within a 2-mile radius of the factory 
was ib to conclude that strontinm-90 had 
come from the Windscale reactor. The highest value 
recorded, in a fleld adjacent to the pile, was some 
sixty times the national average, although a large 
proportion of the material on this field apparently 
resulted from emissions prior to October 1957. For 
farms at distances of 8-20 miles, it could not be 
established with certainty that the levels were 
measurably higher than for other parte of Great 
Britain, where all the strontium-90 is presumed to 
be the result of nuclear weapon testing. The highest 
concentration in any of the milk samples from the 
‘near-in’ farms was 1] per cent of the maximum 
permissible level allowed by the Medical Research 
Council for reactor accidenta. There is a further 
reassurance in evidence which suggests that the 

ration into food chains of radiostrontium 
released from the pile is only about one-third of that 
reported for bomb-produced strontium. 


Hellum-4 Scale of Temperature 

Ar the meeting of the International Committee of 
Weights and Measures held in Sevres, during Sep- 
tember 20-October 8, 1958, the recommendation was 


a 


-adoptdil that the ‘1958 Heliam-4 Vapour Pressure 


of Temperatures’, based on a vapour preasure 
table arrived at by international agreement and oo- 
i should be used as the international 
standard scale of ture between 1° and 5-2° K. 
A recent publication by F. O. Brickwedde, H. van 
Dik Me Daur Clement and J. K. Logan, 
ed by the U.8. National Bureau of Standards, 
desaribea the new scale in detail (Monograph No. 10. 
Pp. ii+17. (Washington, D.O.: Government Print- 
ing Office, 1960.) 20 cents). In Part 1 of the 
monograph, F. @. Brickwedde discusses the three 
ical methods for the° determination of the 
alium-4 vapour preasure— relation, and 
the various measuraments made, and scales adopted, 
prior to 1958. Following discussions at Leyden 
between members of the Kamerlingh Onnes Labora- 
tory and the National Bureau of Standards in 
June 1958, the Scale and the table of helium-4 


2 
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vapour pressures later adopted by the International 
Committee of Weighta and Measures were agreed 
on.. The table was distributed at the Kamerlingh 
Onnes conference on “Low Temperature Physics” 
held at Leyden during June 23-28, 1958, and 
was published in the conference p i The 
vapour were listed at 1/100 degree intervals. 
The table has since been expanded by Clement and 
Togan, and the expanded table forms one of the seven 
tables presented in Part 2 of the monograph. 
In addition to the vapour pressure of helum-4 
(1958 Soale) in microns (10> mm.) mercury at 0°C. 
and standard gravity (960-665 om. sec.-*) there are 
listed the 1958 helium-4 vapour preesure-temperature 
scale, T in deg. K. as a function of preasure P in mm. 
mercury, and, for P > 80 om., in om. meroury, at 
0° O. and standard gravity ; dP/dT in mm. mercury 
par oe K.; an auxiliary table for use in making 
rydrostatic head corrections ; deviations of earher 
scales fram the 1958 Scale ; ‘and an auxiliary table 
for use in making corrections for the density of 
mercury at tem other than 0°C. Fixed 
points on the ‘1058 Helium-4 Scale’ are the boilmg 
point at 4-2150° K. and the 4-point at 2-1720° K., for 
P = 760-00 mm. mercury at 0°O. and standard 
gravity, and the oritical point at 5-1994°K. if the 
rie apices or pease ea mercury at 
0° ©. and standard gravity. 
High-Temperature Furnaces 

A NEw range of electric furnaces for use in the 
laboratory, workshop or tool-room is described in 
Messrs. A. Galenkamp and Co. Ltd.’s catalogue 
No. 620 which has recently been issued. Operating 
temperatures have been increased and box and tube 
furnaces are now available for use to 1500° 0. 


temperatures up to 1100° O. The 
refractory muffle which is wound externally with a 
high-grade resistance-wire heater is fitted: in a non- 
corroding’ ‘Asbestolite’ case of smooth surface by 
refractory insulating bricks. There are built-in 
controls and pyrometric equipment, together with a 
safety fuse to protect the heating element against 
accidental overheating. The larger muffle furnaces 
are available in three sizes, and together with jhe 
‘Super Hotspot’, have internal sizea ranging from 
4x5x6in to8 x 9x 18in. The box furnace 
are similar to the muffle furnaces, but with ‘Crusilite’ 
elements for temperatures to 1400°0. and with 
‘super’ elements (chiefly molybdenum disilicide) for 
temperatures up to 1500°0. Tube furnaces with 
‘Crusilite’ and ‘super’ elements are also available. Two 
sizes, 4-in. diameter and 9-in. high, and 6-in. diameter 
and 15-im. high, of vertical-tube crucible furnaces 
have been introduced. They have wire elementa 
wound on grooved refractory tubes and have built-in 
manual controls and temperature indicators. Other 
types of furnaces described in the catalogue include 
a high-temperature vacuum furnace, ash furnaces, 
and Gray-King furnaces for coal and coke analysis. 
The Tungusska Meteorite 
Taa problematic meteorite, which fell 
on June 80, 1908, ia still a subject of discussion 
(Y. N. Rodionov and M. A. Txikulin, Priroda, 11, 84; 
1959). It is marked by an elliptical area of full tree- 
fall, 25 x 10 km., surrounded by a zone of a partial 
tree-fall, 50 x 40 km. Ags previously, this 
devastation is due to the impact of the shock-wave, 
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as no fragments of meteorite iteelf were ever found. 


y 

fallen m the front of the partial tree-fall. 
other hand, B. I. Vronsky (Priroda, 3, 88; 
suggesta, first, that the meteorite in queetion may 
have been a stone, and not an mon meteorite; and 
secondly, that the numerous water-logged hollows, 
so sbundsant in this area, may indeed 

impect craters of the meteorite 
buried in the bog. Finally, E. L. 
authority on meteorites (Priroda, 5, 57 ; 1960), does 

: and i 


originally advanced years 
ago by I. 8. Astapovich and F. L. Whipple (Priroda, 
9,70; 1935), who have suggested that the Tungusaka 

tree-fall was not due to the impact of a meteorite, 
but of a amall comet contaming & oore of ice whioh 
had embedded m it meteorio matter. 


Dispersion of Small Bodies 


Da. D. O. WotranBancer has prepared a scholarly 
review..of- the di in of small bodies 
(Lloydiå, 22; No. 1, 1; 1959). In this paper he covers 
work published since the appearance : ‘of his earlier 


resulta published on ‘this topic. 
the help of 194 graphs which accompany the examplea 
discussed. The types of unit dealt with are inorganic 
salta, viruses, fungi, pollen, molluscs, water-fleas, 
and insecta, ` including i 


organisms 
T The "distances involved extend from less 
than 1 mm. from the source, reached by basidio- 
spores of Pucoinia maleacearum, the principal agent 
being gravity, up to the 140 miles covered by some 
teetae flies by means of hitch-hiking on trams. Ina 
discussion of the results, Dr. Wolfenbarger considers 
the achievements of dispersion in the biology of 
organiama, the details of sampling and measuring, 
and the endogenous and exogenous factors associated 
with varying distances of dispersion. There is much 
in this review that is relevant to plant, animal and 
human epidemiology, allergy, population genetica, 
plant breeding, and plant logy. 


Search for OIl In Britain 


In 1937, G. M. Lees and P. T. Cox described a 
geological basis of oil prospecting in England as then 
envisaged. This was followed by a report on explora- 
tory work by G. M. Lees and A. H. Taitt (1946), 
wherein were given not only of the dis- 
covery of four new oilfields, but also of new geological 


on. A recent Memoir 
(1960) of the Geological Society, by N. L. Falcon and 
P. E. Kent, presents geological results of petroleum 
exploration m Britain by the British Petroleum 
Company during the years 1945-57 (Memoir No, 2 

Pp. 56+5 $ on: Geological Society of 
London E. K. Lewis and Oo., Ltd., 1960.) 28s. 
Altogether eleven oil-producing areas have 
been established, with a cumulative produotion total, 
to the end of 1959, of more than 1-25 million tons. The 


(Leicestershire 

; prospects are at Bothameall, 

T Baking Sese in ropes and at 
Gainsborough. Other possibilities 
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have been and are being pursued in which the well- 
tried techniques of reflexion seismic oration and 
electric logging have been y exploited. 
It ig noteworthy that gamma-ray logging proved to be 
of cofsiderable help in sub-surface correlation of 
marine-band markers in the Hast-Midlands projects. 
Economically important also is that the pattern of 
oil ing as originally delineated has been 
extended to include search for natural gaa, jointly on 
behalf- of the Gas Council and Imperial Chemical 
Industries, but with what measure of commercial 
Buccess has yet to be determined. 


’-Freeze-drying of Plant Viruses 


) and Egman-- 


has been widely and suo- 


viruses retain their infectivity for long periods in 
frozen tissue or sap, or in plant tissue frozen and 
slowly dried over calcium chloride. Such procedures, 
however, are not suitable for preserving some labile 
and certain other viruses. M. Hollings and R. A. 
Lelliot (Plant Path., 9, No. 2, 68; 1960) have now 
desoribed effective methods for the froeze-drymg of a 
considerable number of viruses. The preservation of 

sap preparations of forty-six isolates of thirty-nine 
plant viruses by the rapid sublimation of water from 


during freeze-drying, but that several of the rod- 
ee There 


was no evidence of further serious loss of infectivity 
in forty-five of the preparations during the storage 
period. 

Lalor Grants and Awards for 196] 


Tas Lalor Foundation has announced the pro- 
gramme of awards for 1961 which it is offering for 


various forme of life. The objectives are to 

the knowledge and understanding of the basic 
phenomena involved and to extend and develop the 
possibilities for effective regulation and qpntrol. 

The awards may range up to 8,000 dollars a year,’ 
depending on the scope and duration of the project 
approved. Preference will be given to younger 
members of university and college faculty and staff, 

with an per age limit of 41 years. The work may 
pn on eb wie "8 own institution or 
elsewhere. The F will also oat pe 
doctorate strmmer or acer research a at 
the Marine Biological Laboratory at Woods Hole, 

Mass., or elsewhere for appropriate projects in the 

fields specified. For these awards, the sti will 

normally not exceed 1,Q00 dollars for a single man or 

a woman, 1,200 dollars for a married man working 

at his home institution, and 1,850 dollars for a married 

en FN ee ee ee ee 

tion. A number of awards may be granted to 

nationals other than citizens of the United States? 
usually under the condition that the award holder's 
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work shall be conducted at an American institution. 
Applications and inquiries should be sent to the 
Lalor Foundation, 4400 Lancaster Pike, Wilmington 5, 
Delaware, and applications must be received- by 
January 16, 1661. 


Non-Destructive Testing of Materials 

Tae British Council is organizing a course on the 
non-destructive ing of materials in London for 
two weeks beginning October 16. The course is 
designed for overseas industrial technologista and 
scientific research workers. Ite aim is to provide 
them with a broad survey of work in progress in thé 
United Kingdom on the development of non-destruc- 
tive testing techniques and the uses to which these 


The inclusive fee for this course, which is residen- 
tial, will be £47. Further information can be obtained 
from Miss B. Sinclair, The British Counsil, 65 Davies 
Street, London, W.1. 


The Leopoldina German Academy of Sclences : 
Elections 
THe Deutsche Akademie der Naturforscher Leo- 


poldina, Halle, recently elected the followmg new 
others, in the sections indicated : 


(Pasadena), Prof. Tadeusz Urbanski (Warsaw), Prof 
. Venkataaraman (Poons); Botany, Prof. Rudolf 
ner (Gatersleben). 


The Night Sky In October 
Furi moon occurs on Oot. 4d. 22h. 17m. v.7., and 
new moon on Oct. 20d. 12h. 08m. The following 
conjunctions with the Moon take place: Oct. = 
ogh., Aldebaran 0-8°8.; Oct. 11d. 22h., Mars 5° N 
Oct. 22d. 21h., Venus 6° 8.; Oot. 24d. 22h., Jupiter 
5° 8.; Oot. 25d. 21h., Satum 4° 8. In addition to 
these conjunctions with the Moon, Venus is in con- 
junction with Antares on Oct. 28d. 20h., Venus i 
8° N. Mercury and Venus arè too close to the Sun for 
obeervation. Mars rises ab 21h. 15m., 20h. 50m. and 
20h. 10m. at the begining, middle and end of the 
month, reepectively. It is in Gemini, and is a very 
prominent object, of magnitude + 0:1 on October 
15, when ita distance from the Earth is 88 million 
* miles. Jupiter seta at 20h. 50m., 20h. 05m. ay, 
19h. 15m. on October 1, 15 and 31, 
dé is in Sagittarine, and may be seen low in the south. 
west after sunset, but conditions are not favourable 
for observation. Saturn is in i east of 
ope ae and sets at 22h. 00m., 21h. 10m. and 20h. 
meee ie ah middle and end of the mon 
ta stellar magnitude is OT ani 
Re ais Wa a Gee e 
miles. ee ee E a ighter 
than magnitude 6 visible at Greenwich: Oct. 8d. 
Oh. 24.9m., y Tau. (D); Oct 9d. lh. 41-7m., y rar 
(RE). D and R refer to 


during 
of the month, conditions being favour- 
able; the radiant is near RA. + 6h. 24m., Dec. 
+15°. 
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Announcements 

Dez. G. Jowzs, of the Rowett Research Institute, 
Buckeburn, Aberdeen, has been appointed to hold the 
Sophie Fricke Royal Society Research Fellowship in 
the Rockefeller Institute for the academic year 1960- 
61. Dr. Jones will leave the United Kingdom in 
October for the Rockefeller Institute, where he will 
be working on the- fractionation and characterization 
of leaf proteine. 


Sra Wiiti1am Stars, until recently secretary of 
the Agricultural Research Council, has been appointed 
chairman of the governing body of the Glasshouse 
Crops Research Institute in succession to Mr. T. 
Ainslie Robertson. 


Me. V. Oony, at present Sree county advisory 
officer in the National Agricultural Advisory 
Essex, has been appointed county advisory officer 
for Yorkshire (West Riding) in succession to Mr. J. 
Gibbons, who has been appointed county advisory 
officer for Somerset. Mr. Cory will take up his now 
post on October 8. 


Tum Association of British Chemical Manufacturers, 
86 Strand, London, W.0.2, haa published a booklet 
entitled “Chemical Plant Instrumentation. Some 
Notes on the Use of Measuring Instrumen: ” (68. to 


information will be of interest to the managementa 
of industrial firms. 


Tum Institute of Physics and the Physical Society 
is arranging a conference on statistical mechanics 
(with special reference to -irreversibility), to be held 
at Queen Mary College, London, on December 19 
ire 20. Further information oan be obtained from 
the Secretary, Institute of Physica and the Physical 
Society, 47 Belgrave Square, London, 8.W.1. 

Taa annual meeting of the Physical Chemistry~ 
Society of France will be held at l'Hotel du Ool de 
Voza, Chamonix-Mont Blanc (Haute Savoie), sa 
June 26-30, 1961. The subject ies meeting wi 
be ‘The Structure, and Function, of 
Deoxyribonucleic Acid”. Further information “can 
be obtained from the Secretary, Société de Chirthie 
Physique, 10 Rue Vauquelin, Paris Ve. 


Tas AGARD Avionics Panel has arranged a sym- 
posium on “Radio Navigation” in conjunction with 
the Tenth AGARD General Assembly during October 
3-9 in Istanbul. The proceedings will cover general 
problems concerned with navigation, including 
on wave-propagation, radio-navigation including 
Doppler and ajir-iraffic control, space and astro- 
th ae and eaten methods and automatic 
pr cad landing. Further information can be 

spel the Advisory Group for Aeronautical 
Research and Development, Organisation du Traité 
de l’Atlantique Nord, 64 rue de Varenne, Paris 7ame. 

ERRATUM ` Writing in connexion with the com- 
munication entitled “Staining for Iodine in Chromato- 
grams of Human Plasma” in Nature of August 20, 
p- 691, Dr. J. D. E Slater states that the limit of 
sensitivity quoted as 0-2 ugm./100 ml. should have 
been 2-0 pgm./100 ml. (line 19, p. 692). The authors 
have since developed a considerably more senaitive 
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THE CHEMISTRY OF NATURAL PRODUCTS 


the Great Hall of the University of Sydney on 
August 25 Sir Kenneth Street, Lieutenant-Gover- 
nor of New South Wales, formally closed the ten-day 
Bym entitled “The Chemistry of Natural 
’, which had been on August 15 by .. 
Sir John Bode, president of tho Aurtralisa Acadamy. 
of Science, in the Wilson Hall of the University of* 
The i 


sored by the International Union of Pure and Applied 
Chemistry. Some 150 chemisia from 83 countries, 
together with more than 200 Australians, attended as 
registered members. From overseas, Prof. A. Stoll 
(Switzerland), past president of the International 


Union of Pure and Applied Chemistry, represented the 
present president, Prof. W. A.: Noyes, jun. The 
United were led by two Nobel 


laureates, ‘Sir Alexander Todd and Sir Robert 
Robinson. Prof. R. Kuhn, also a Nobel laureate, 
due to arrive from eee was unfortunately 
absent through illness 

The Symposium has differed from those hitherto 
held-in other countries in that it was not located only 
in one city. It began in Melbourne in the State of 
Victoria, where it remained during August 15-18, 
then migrated about 800 miles to Canberra in the 


Australian ital Territory, and finally shifted 
another 200 to Bydney ; these movements all 
ney Serine 


shape giles organized by the Australian 
cerns Science, and the choice of subject was 
logical because the investigation of the constituents 
of Australian plants has formed the longest con- 
tinumg organo-boteanical-chemical research endeavour 
‘of scientists in Australia during the pest century. 
In a sense ita origin can be said to lie with Dr. John 
White, surgeon- to the ‘first settlement’, 
who-~soon after 1788—ran out of English peppermint 
oil, and discovered that an efficient substitute could 
be Sbtained by distillation of the leaves of the 
eudilyptus growing around Sydney Harbour. Prof. 
John Read (one-time professor of organic chemistry 
in the University of Sydney) devoted a whole chapter 
of his “Humour and Humaniam in Ch to 
i periods under the title : “‘Chemis- 
Half & century 


and Penfold (for many years director of the Museum) 
and others, have given Australia a significant place 
in easential oil and terpene research. 

Alkaloids were first extracted from eAustralian 
sources in 1861. Shortage of certain drugs during the 
Second World War, and the problem of stock poisons 
occurring in plant foods, have caused a more Intensive 
and systematic examination of Australian flora, and 
have led to the setting up of a phytochemical survey ; 
this has stimulated much research in university and 
government laboratories, and brought to light many 
novel colouring matters, glycosides, alkaloids, toxic 
or pharmacologically active compounds, eto., which 
were reported during the Symposium. 


The scientific Baie were divided mto four 
sections, namely : (A) Aliphatic and Homocyelic 
Chemistry"; ; .(H) Heterocyolic Chemistry ; (B) Bio- 
logical’ Chemistry; and (P) Physical Methods. 
pee bd Hie large number of pepers Sahmitted, tho 

first three sections unfortunately (for the chemists 
interested) -ran ss concurrent seasiona. Pillars in the . 
were l4 lectures, 

attended. by. thé. whole aasembly. At the o 

dereniony, Prof. A. Stoll (Switzerland) spo 
“Impact of Studies of Natural Products on Chemical 
Industry”. Three symposium lectures were delivered 
as follows: Section A, Prof. F. Sorm‘.(Oxecho- 
slovakia), ‘“Terpenio Compounds with Medium- 
; Section H, Prof. R. B. Woodward 

“The Total Synthesis of Chloro- 
and Section P, Dr. H. W. Thom 
(United Kingdom), “Physico-Chemical Methods of 
Stadyimg Natural Products”. Prof. Kuhn’s eagerly 
awaited “Chemistry of the Gangliosides” had perforve 
to be omitted. Hight section lectures, also attended 
by all delegates, were: Bection A, Prof. D. H. R. 
Barton (United Kingdom), “Some ee of Ter 
penoid a Steroid Chemistry”, Prof. N. 
Serensen (Norway), “Structural e of Doty. 
acetylenic Com isolated from the Plant 
Family Co ; Section H, Prof. H. Brockmann 
Si Germany), T aora of the Actinomycins”, 

Prof. T. R. Govindachari (India), “Recent 
ion ions on’ Some Alkaloids from Indian 
Plants”; Section B, Dr. J. W. Cornforth (United 
Kingdom), “The Biosynthesis of Polyteoprencida’’, 
and Prof. E. Lederer ce), “Ohemistry and 
Biochemistry of Biologically Active Bacterial Lipids”; 
Section P, Prof. O. Djerassi (United States), “‘Applica- 
tion of Optical Rotatory Dispersion Studies to 
Problems in Natural Producta ”, and Dr. 
A. MoL. Mathieson (Australia), “The Direct Determ- 
ination of the Molecular Structure of Natural Pro- 
ducts”. Dr. J. R. Price (Australia) gave a special 
lecture entitled ‘Australian Natural Product Re- 
search”. 


Sir Alexander Todd, as president of the Sym- 
posium, gave as his presidential address in, the 
new Academy head in Canberra a general 
review, 00 upled with a plea that biochemistry must 


Bpect’’. 

Sir Robert Robinson summed up the scientific 
achievements of the Symposium at its closing cere- 
mony. He said : “It would be presumptuous for me, 
or anyone else for that matteg, to pretend to be able 
to perform adequately the task which I must now 
attempt. For one thing, none of us has been able, 
as we might have wished, to be in three places at the 
same time. Furthermore, the printed abstracts are. 
largely of the nature of appetizers, an invitation to 
the lunch, but with a masterly reticence with regard ° 
ee ee eae 
cooking”. “For me it has been throughout 
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an entrancing and spectacular display of progress and 
promises of future advances”. Sir Robert spegifloally 
referred to Dr. Thompson’s lecture, saying that 


the stereochemical problems”. Sir Robert proceeded 
rotatory dispersi: 


magne 
and ultra-violet spectra, in the ‘discussions and 


Ta len Sap He warmed, however, that: 
the classical organic chemist is certainly not, to. be” 
displaced by machines . . . there is no need-to discuss” 


whether an absorption band ia due to- N—H or O—H 
if the compound does not contain nitrogen, “even if 
we know the structure we still have-to explore 
the surrounding chemical territory . . . would it be 
good for organic as a whole if the struoture 
of indigo had been solved by looking at a few milli- 
grams of it, and if Basyer had not carried out any of 
his wonderful work which led to the determmation 
of its formula t I thmk not !” 

He went on: ‘We were privileged to hear 
the lecture by Prof. R. B. Woodward, in which he 
described, I believe for the first time, the outstanding 
achisvement of the total synthesis of chlorophyll. 
Prof. Woodward is not only a most brilliant synthetic 
organic chemist, but also an expositor, able to convey 
a sense of the drama of development to his audience. 
His lecture was thoroughly enjoyable, even thrilling 
as an experience. No doubt in places he admitted 
to a little good fortune, but he also made it clear 
it was I was reminded of Benjamin 
Franklin's ‘Luck is the bonus that accrues to 
beanie fa „ Woodward and his team were surely 


ethene Bee of the synthesis of chlorophyll 
is a very good example of the kind of thing which one 
is often asked about... What good is it ? Of course, 
the good that it is, is the new knowledge which is 
obtained .. . the new knowledge of the behaviour of 
chlorophyll, the nature of the molecule, how it is 
likely to behave in other dircumstances. ... That new 
knowledge may lead us we don’t know where”. 

About Prof. Lederer’s lecture Sir Robert said: 
“Tt was quite outstanding in interest and importance. 
I had no means for measuring of applause or 
its duration, but it was clear my assesament was 
widely shared. Lederer described extensive studies 
on biologically active bacterial lipids. ... He explamed 
in fall the problems which had been finally solved, 
.and even more useful, he Indicated the stages reached 
in the solution of others, Including some which may 
have great significance for the therapy of tuberculosis 
in the future. Lederer’s mastery and humorous style 
pharmed us. His contribution will certainly be 
remembered”. - 

He continued: “Another aspect which has been 
ranning through the Symposium is that of biogenesis 
and structural relations, and the use of isotopic 
tracers to test the varioks h advanced in this 
connexion. . . . I think the lecture by Dr. J. W. 
Cornforth was an extremely important event in the 
conference—one of the real highlights. The way in 
which Cornforth was able to describe the complete 
* story for the is of polyisoprenoids was quite 
remarkable. It was... a lecture of great value to all 
of ug”. 
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Sir Robert then referred in terms of praise to all the 
other lectures mentioned above, to the “infectious 


industry, Sir Robert said : 


associates in the laboratories of the Commonwealth 
Scientific and Industrial Research Organization. 

Sir Robert concluded: ‘Possibly the o 
scientific valne of the Symposium has been the oppor- 
tunity it has afforded for the meeting of colleagues 
from all over the world for discussions ... not only 
eee ee Pa a aa 
we meet and talk together. . . It has been the most 

successful symposium I personally 

have ever taken any part in. I have never 
ae pee E e es diac papers OF 
greatest interest have been delivered .. . 
and I must aay that I think it is due to the enthusiastic 
coming together of organic and ical chemists in 
ich union we have. 
gained advantages of powerful procedures .. . of 

i hy, ordinary and vapour p 
micro methods of analysis and of manipulation, of 
the many physical ways of examining products, of the . 
availability of i aid the techniques for 
handling them, and from which we can still see further 
new methods developing on the horison . . . all this 
has made the Symposium a most significant occasion. 
We hope to repeat it in Czechoslovakia in 1962’’. 

Sir Robert then spoke with appreciation of Sir 
Alexander Todd’s services as president of the Sym- 
posium—this was received with great applause— 
and the meeting was closed by Sir Kenneth Street. 


Excellencies the Governors of New South 
Wales and of -Victoria were patrans. 

Official receptions were given by the Premiers of 
Victoria and New South Wales in Melbourne and 


doctor of lẹws from the Univermty of Melbourne, and 
on August 24 the University of Sydney conferred on 
Sir Robert Robinson (first professor of organic 
chemistry in Sydney) ita D.Sc. (honoris causa). 

A full programme of social events and excursions 
for and their ladies was also carried 
through. Outatanding were the Government recep- 
tions, the banquet in Oénberra, a ‘wine and cheese 
tasting’ in Sydney by courtesy of the Australian 
Wine Producers’ Association of New South Wales, 
and a fashion parade in Melbourne of Australian 


EK 
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woollens, arranged by the Australian Wool Board. 
The last two, together with the many scenic tours 
ee ee 
interest to visitors who had not previously sean the 

Australian Medicare aed of life. Post-Symposium 
tours to. north and south Queensland and to New 
Guinea are now in progress—the last-named being for 
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men only and at the invitation of the Commonwealth 

Government and the New Guinee Administration. 
The lectures mentioned above will be published 

through the Publications Committee of the Inter- 


national Union of Pure and lied Okermistry 
Butterworth’s Scientific Publications, London. 
R. J. W. La Fives 


WARREN ‘SPRING LABORATORY 


planning the Warren Spring Laboratory at 

Stevenage, the Council for Suientific and Indus- 
trial Research decided that it should be a versatile 
station free to carry out research which cannot be 
fitted into the of another research body, 
especially work invo pilot-scale investigations 
oe ani eee importance. 

As a result, the Laboratory's research programme 
includes a number of important investigations in 
several different flelds*. 

In chemical oS the work is 
concerned mainly with providing the chemical plant 
designer with basio information. Considerably more 
knowledge is required to achieve greater recision in 
to the 


these investigations will. data for the precise 
ae of ae an t without the need for 

lant studies. For example, the investi- 
ean a 


equipment such as distillation columns and gas absorp- 
tion towers. 

Much. of the work of the Mineral Processing 
Division is undertaken for miming companies and 
other i i 
subjects of basic research are (a) 
grinding in the presence of additives such as surface- 
active agents ; ota Nera ree ea acrobat 
and the kinetlos of bubble attachment to mineral 
surfaces ; (0) the behaviour of mineral particles in a 
high-tension field and the modifications of this 
behaviour by various surface treatments. There have 
been indications during the year that automation 


rocessing plants 
considered. 


has continued on the Fischer-Tropsch synthesis, 
the Warren, Spring Taborstocy, 
Office, 1900.) 32. net. 


* Report of the Warren 


1059. Published for 
the Research. 


(London : 


which provides a method of obtaining liquid and 
gaseous fuels fram carbon monoxide and hydrogen, 
which are produced by the complete gasification of 
low-grade high-ash coal. Basic research on catalysis 
has included work on the catalytic and other physico- 
of fuel cell operation. 


Current research into air pollution concerns both 
methods of abatement and assesement of atmospheric 
pollution throughout Britain, with relation to the 
effects of clean air legislation. Estimates made 
during the year have shown that, in general, smoke 
from the burning of industrial coal has ceased to be 


of lorries frequently do. 
amoke from exhaust gases are being studied. A 
10-ton Diesel lorry fitted for road testa with 
various proprietary devices is being used for this 


The Laboratory has‘oontinued to collaborate with 
local authoritioa i on. _the measurement of pollution, 
and this is “a wealth of background 
information against which future improvements can 
be assessed”. 

Methods of measuring low concentrations of oxides 
of nitrogen (known to be emitted by practibally 
all fuel-burning appliances) are being examined 
These emissions may be significant factora in air, 
pollution. 


U.K. ATOMIC ENERGY AUTHORITY 


1959-March 81, 1960". ” During that year, those 
major projecte undertaken primarily to support the 


toe thp period Tat Apeh abe Rie Macy aA Bo. B ATE i baee 


Stationery Office, 1960.) 


` 


defence programme were leted, and all main 
plants constructed as ae i 


purpose were 
successfully. New cap. jects ap’ during 
the yoar were on a relatively small . The Auth- 
continued to devote a major effort in support 
of civil power e of the Central Eleo- 
tricity Generating Board and the South of Scotland ° 
Electricity Board. The report includes as an 
the observations of the Minister for Science, m oon- 


No.azaa September 24, 160 NATURE | : 


sultation with the Authority, on the fifth report of 


the Select Committee on Estimates on the Au B 
Industrial Group. These comments have-now been 
transmitted to Committee. % 


Generally, the Authority weloomes the report and 
has acospted and will implement most of its recom- 
mendations. On the remaining recommendations, it 
is commented that the Authority has reviewed ita 
ai at acronis A a 

the original factory and laboratory estimates are 
on s8 broed a beams as possible and contain 

no more detail than is essential to ensure the build- 
up of a realistic total The Authority agrees with 
the Oommittee’s view of the importance of taking 
account of -term effects, both in staff and further 
capital fel Baa of current proposals, and will 
include in any application for sanction of a capital 
project connected with the development of a new 
reactor system a rough forecast of which 
may be neceasary in the foreseeable 88 & 00n- 
sequence of the particular capital project for which 
sanction is requeeted. The Authority also accepta 
that the Treasury should be informed of the oon- 
tingency margin allowed in project estimates for 
experimental facilities for which it is impossible to 
give precise detailed specifloations at the outset, and 
the Treasury will alao be informed at the next stage 

of estimating what margin has been retained as a 
working margin. The Authority also accepts the 
general intention of the recommendation that it 
should be standard practice to allow design officers 
sufficient time to go out to tender for all major 
components of large civil reactor and plant projects, 
and fully endorses the Committee’s statement that 
“the future course of the nuclear power programme 
will be directly affected by the availability or other- 
wise of the fast reactor in the early 1970's, which 
means that its value must be established by about 
1966". The fast reactor is regarded as an integral 
‘part of the nuclear power programme and the 
Authority will preæ on with its development as 
rapidly as possible: it is already receiving, and will 
continue to receive, full technical support. 

On the financial side it must be observed that the 


balance sheet to the report still gives no 
indication aa to way in which the £92,488,010 of 
the 1959-60 estimates were The sixth 
report, like its , fives no indication what- 


ever Of the magnitude of our effort in research on 
nuolear energy or of the oost of the nuclear power 
programme, either as a whole or in the development 
of reagtors. Indeed, even lees information is available 
* than was to be found in some earlier reporte, though 
it is stated that early in 1959 the Authority decided 
to Innit the growth of man-power on research and 
development for the next three years to an annual 
rate of not more than 8 per cant. Within this rate of 
expansion, recruitment in general has been satis- 
factory, although diffoulty is still experienced in 
engineers and scientista of sufficient experi- 
ence and calibre for higher management poste, and 
in obtaining scientific and professional staff in par- 
tioular lines in whjch there is a national short- 
age. The total staff increased from 35,260 
on April 1, 1959, to 38,500 on March 81, 1960, indos- 
trial from 18,317 to 19,572. 
On the production side the report records an 
increase of 40 per cent in the output of fissile material 
"and of 300 per cent in that of icity, while most 
of the teething troubles of the full-scale prototype 
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unit for converting uranium nitrate into tetrafluoride, 
using fluidization techniques, ‘have been overcome, 
and the plant is operating ea a production unit 
yielding uranium tetrafluoride of good quality at the 
design . Satisfactory progress is also 
recorded in the reactor development programme, and 
stress is laid on the importance of reductions in 
capital costs if nuelear power is to be competitive 
not only at base load but also at the lower load 
factors at which nuclear power stations will have 
to operate when substantial nuclear capacity has 
been built. This largely depends on the develop- 
ment of more advanced reactors, and here a large 
effort has been devoted to the support of the 
‘magnox’ stations, particularly the development of 
fuel elements to provide good performance with 
reliability. Progress in the advanced gas-oooled 
reactor has been encouraging: the 

should be capable of lower capital costs than ‘magnox’ 
stations and its prospects are good. Development of 
the fast reactar proceeded steadily, and the experi- 
mental reactor as Dounreay came into operation at 

low power. Most of the staff working on the hi 

oe he gas-cooled reactor system were secon 
Dragon project, under the auspicea of the 
Organization for European Eoonomio Co-operation. 
Other work on reactors included investigations into 
the design of a steam-oooled heavy-water reactor 
and its variant, the steam generating heavy-water 
reactor, : 
The wide range of the Authority’s research activ- 
ities is displayed in the chapter on general research 
and development. In nuolear physica, for example, 
a major group of work is concerned with the behaviour 
of nucleons when they collide in free space, uncom- 
plicated by tha proximity of other nucleons .as in 
nuclean-—nuslear reactions. The cyclotron .has also 
been used to investigate the interaction of a high- 
energy nucleon with a nucleus and the mteractions 
between nucleons and nuclei have also been studied 
at fairly low energies, using the 5-MV. Van de Graaff 
generator and newly completed 12-MV. tandem 
electrostatic aooelerator at A new particle 
detector has been developed in which a p—n junction in 
a semiconductor, such as silicon or germanium, is used 
as a solid-state ion chamber to produce an electrical 
impulse when a nuclear partials traverses the junction, 
and also a large heavily shielded liquid scintillation 
counter for work on neutron emission in fission. 
In solid-state physics a fundamental experiment has 
been carried out using lithium isotopes, and a change 
of thermal resistance with isotope concentrations 
was observed in measurements at Capenhurst of the 
thermal conductivity of single orystals of lithium 
fluoride containing lithium-6 and lthium-7 in the 
big ee range 10°-90° K. In radiation chemistry 
much work has been undertaken in connexion with 
the problems of radiation in reactors and in fuel 
, work on the y-radio- 


plants. For 

iyi of methyl acetate has shown how complicated 

the degradation of a simple ester can be, and work 
on the radiolysis of trialkyl phosphates showed that, 
in addition to hydrogen and light hydrocarbons, 
dialkyl and smaller amounts of mono-alkyl phos- 
Phoric acids are The behaviour of the 
system oarbon dioxide/carbon monoxide/graphite 
under irradiation has been studied to determine the 
besio parameters that affect the rates of the reactions, 
and the influence of etrical factors on the 
radiation-induced reaction producing carbon mon- 


wy 
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oxide is being studied in sealed tubes. Another 
investigation was odnoerned with the nature and 
properties of radioactive serosols, and laboratory 
experiments have been made on the release of iodine 
in air end carbon dioxide at very low vapour oon- 
centrations. Considerable technical work has been 
undertaken into oritioality to baok ioular design 
studies as well as & more ized study. 

Work oontmued on the application of radioisotopes, 
especially in industry. The method of fluorescence 
spectroscopy, using radioactive sources, has been 
applied to measuring very thin surface coatings, and 
by tracer methods the rate of flow of liquid in closed 
channels can now be measured with an error of leas 
than one part ın 200. Further work has been done 
an the use of large sources of y-radiation for steril- 
ization and other purposes, and a pilot-soale plant 
for irradiatmg packages of materials with y-rays has 
been built at Wantage. A mass spectrometer has 
been developed at Capenhurst for the analymse of the 
active species present in gas/solid chemioal reactions, 
and basic studies have been made of the friction and 
wear behaviour of materials in reactor ooolant 
environments at high tem Considerable 
progreas has been achieved at Aldermaston in the 
provision of short-duration radiographs of systems 
opaque to ordinary light and moving at high speed, 
and two types of mechanical very-high cameras 
are manufactured at Aldermaston, one, the streak 
camera recording along a length of film the mze of a 
light source which is varying with time, the other, 
the framing camera, producing mdividual pictures at 
mtervals on & strip of film. A third type takes a single 
picture with a time of exposure of 1 x 10-' seo., 
using & Kerr oell shutter. 

In the work on controlled thermonuclear reactions, 
the stored energy supply and the stabilizmg magnetio 
field supply of Zeta were both increased by about 
sıx times during the year, and experimental elucida- 
tion of the physical phenomena in the Zeta and 
Scepire plasmas continued successfully, while work 
also contimued on some other plasma physics prob- 


ns TUBERCULOSIS : 


N developed countries with adequate hospital 
accommodation, drug treatment of tuberculosis 
has often freed beds. In less-developed countries 
with inadequate hospital accommodation, the prob- 
lem of beds for tuberculous patients remains acute. 
In India, for example, it is particularly serious, since 
there are only 23,000 beds for tuberculous Paan 
against a total number of persons affected that may 
be put at between 1:5 and 2-5 million. Because of 
this, a ive study of domiciliary and sana- 
torium treatment of tuberculosis was undertaken by 
the Tuberculosis Chemotherapy Centre, Madras, 
which was set up in 1956 under the joint auspices of 
the World Health Organization, the Indian Council 
of Medical Research, the Madras Government and 
the Medical Research Council of Great Britain. The 
purpose of the study was to determine whether drug 
treatment of tuberculosis in a country like India was 
as effective in the home as in the sanatorium ; or, to 
put it differently, whether domiciliary treatment did 
away with the need to send a fair number of tuber- 
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lems, and considerable progress was made in solving 
the formidable technological problems associated with 
the production and control of ourrents in the range 
of 10 amp., and in the development of methods 
of construction to withstand the severe conditions 
expected in experimenta such as the Intermediate 
Ourrent Stability Experiment. The Authority has 
reconsidered its earlier decision to move controlled 
thermonuclear research from Harwell to Winfrith, 
and has chosen instead a site at Culham, where the 
laboratories to be erected will form a large autonomous 
unit within the Authority’s Research Group. The 
Authority's commitments under ite long-term uranium 
contracts are now greater than rte immediate require 
ments, and for some years, mainly due to the slowing 
down of the nuclear power programme, it will hold 
larger uranium stocks than it needs. A new Health 
and Safety Branch, independent of the Groups, was 
established as from July 1, 1959, to advise on the 
formulation of health and safety policy and dis- 
semunate this policy for application by heads of 
groups and establishments, apply this policy to the 
assesament and inspection of reactors and plant, and 
provide the fooal point for conduoting external 
relations in this fleld. A wide range of health and 
safety problems investigated during the year included 
developments in measuring techniques applied to the 
monitoring of fall-out from nuclear weapon, testa, 
controlled studies of the uptake from fresh water of 
strontium-90 by fish and of thia and other radio- 
isotopes by common aquatic planta, and work on the 
diffusion and dispersion of gases and particulates. 
Information Services have included, besides the 
Harwell Reactor School, the Calder Operation School, 
the Isotope School, now at Wantage, ERRETA SE 
programme for Central Electricity 
operating staff, the issue of an illustrated 
of this sixth annual report. together with some 
additional material to July 1, 1960*. 


* Atom 1980 : a aie ok e s 
from ist April, 1950, to 31st Maroh, 1 ute Ale = 


ee eae iene th some additonal 
1960. Pp. 34. (London: TM, Stationary 


RISK TO FAMILY CONTACTS 


culosis petienta to hospital (World Health Org. Chron., 
14, No. 7; July 1960). 

A group of 193 patients were selected, nfost of. 
them from the poorest classes of Madras City. They 
had to be more than twelve years old, to have had , 
no previous drug treatment, and to have a poeitivb 
sputum. Out of these 193 patients, 96 were treated 
at home, 97 in the sanatorium. The period of oom- 
parison lasted a year, and the resulta of the study 
indicated that domiciliary treatment seemed to give 
as good resulta as sanatorium treatment. 

There remains the important point whether the 
risk of infection to the family is not greater when 
the patient is treated at heme. A freah study was 
carried out under World*Health Organization auspices 
on the same group of patienta to determine the over- 
all prevalence of cases of tuberculosis among family 
contacts when the diagnosis of tuberculosis was 
established in the family member included in tha 
comperative study (the index case), and the number 
of freah clinical and primary cases occurring among 
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family contacts during the first year of his treatment. 
Contacts include all the other membere of the family, 
but the inquiry was Hmited to ‘close’ family contacts, 
that is, those who. had been living with the index 
case for at least three months before diagnosis. In 
fact, 96-7 per cant of the 698 close family contacta 
had been living with the index case for at least a 
year. 
Examinations were carried out in 693 contacte of 
the 198 patienta treated at home or in the sanatorium ; 
of these, 847 were man and 346 women. The survey 
E o Gar irae en nana ites 
treatment was based on 672 contacts. Active 
tuberculosis was found in 46; in another 2, activity 
was doubtful; and in 11, tuberculosis was inactive. 
Of still more interest was the inquiny into fresh 
cases of tuberculosis appearing in close family con- 
tacta of patients treated either at home or in the 
sanatorium during the first year of treatment. There 
were 257 contacta of the 75 patients treated at home, 
and 275 contacts of the 73 patients in the sanatorium. 
The two groups were alike in the p ion of men 
to women, in the kind of home they ti in and m 
the results of the initial examination ; and they were 
followed up in the same way during the year of the 


NOISE IN FACTORIES 


OISE is always associated with the application 

of power, and the trand towards the use of 
ee ee 
problem of noise in factories i 
survey “Noise in Factories”, by A. gree 
Williams, which has recently bean published for the 
Department of Scientific and Industrial Research 
(Building Research Station) in-the series “Factory 
Building Studie” (No. 6. Pp. iv+26. London: 
H.M. Stationery Office, 1960. 3s. 6d. net), emphasizes 
that the noise factor should be considered at the 
earliest stages in the planning of a factory. Choice of 
the man: method, which largely determines 
the noise-level and its effect on the occupants of the 
factory and residents in the area, ia the responsibility 
of the management. Noise at source can be reduced 
by machine manufacturers in the design of their 
machines, but where this is not possible, factory 
engineers can minimize the effect by taking precautions 
in tH installation of the machines, and the building 
designer can reduce annoyance by siting noisy equip- 
,ment away from other buildings and by the use of 
* enclosures and sound-absorbing roof linings. 

The 26-page booklet consists of a Part 1 
deals with the properties of sound Jains the 
aa she area ef abies tn Orea and ihe 
effecta of noise. It is pointed out that the moet 
intense noise in factories is generally caused by 
machine tools and by operations involved in making 
and handling the product, and it m only when the 
process is a quiet on that the noise from service 
equipment, such as fans, °pumps and compressors, 
may be the more intense. Hixcessive noise will 
influence the welfare, safety and, indirectly, the 
efficiency of the occupants of the factory. As the 
« level of noise increases, its effect on people is first 
annoyance, then interference with communication 
and, finally, damage to hearing. In addition, since 
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rae rt ed During this year, 26 active cases of tuber- 
discovered in the two groupe of contacta ; 
9 (8-5 per cant) in the group of contacts of patients 
treated at home, and 17 (6-2 per oent) in the group 
of contacts of patients treated in the sanatorium. 

Of these 26 cases, 15 were less than five years old 
and 21 leas than two years old. The most serious 
oases all belonged to the group whose index cases 
were treated in the sanatorium. 

Even if enoo ing conclusions can be drawn from 
this study, domi treatment of the open tuber- 
culous patients should be considered an emergency 
measure only, to be taken when institutional treat- 
ment for 8-6 months is impossible because of shortage 
of beds. Every effort should be made not to send 

ients home until their sputum has become negative 
or tubercle bacilli, at least on microscopical exam- 
ination. 

A final conclusion is that the frequency and 
seriousness of tuberculosis lesions in young contacts 
are a sufficient justification for systematio prophy- 
lactio treatment of children whenever a sputum- 
positive patient is newly diagnosed in their household. 
This treatment should be started immediately and 
carried out for a minimum period of six months. 


AND ITS CONTROL 


noise is associated with vibration, the performance of 
delicate equipment in the factory may be upset, and 
if the noise is transmitted through the factory 
structure or through the ground to the outside of 
the factory, it may also cause discomfort. 

In Part 2, methods for the reduction of noise and 
their effectiveness are discussed. The radiation of 
noise, resonance and damping, and vibration isolation 
are dealt with first, then noise reduction and lay-out, 
enclosures to reduce nome, sound-ebsorbing materials, 
partial enclosures and screens, and finally ear pro- . 
tection. The most effective way of controlling noise 
once it has been generated and radiated is to contain 
it within an enclosure, a reduction of about 50 db. 
being readily provided by an ordinary buiding 
enclosure ; but the efficiency of an enclosure depends 
on ita completeness and uniformity, and direct air 
leaks through a hole or through porous material 
reduce the efficiency considerably. The build-up of 
reverberant sound within an enclosure can be con- 
trolled by the use of sound-absorbing materials to 
reduce the amount of sound reflected. The booklet 
gives a list of abeorption coefficienta of common 
sound-absorbing materials and contains illustrations 
of various sound-absorbing arrangementa in factories. 
For individual ear protection, where operators of 
noisy machines are exposed to high levels of noise, 
two forms,of commercially available ‘ear defenders’ 
are ear plugs and ear muffs. Ear plugs are inexpen- 
sive, smal] and inconspicuous, but may be uncom- 
fortable when first worn. Dry cotton wool is not an 
effective ear plug. Ear muffs fit over the ears, and 
though heavier and more expensive than ear plugs, 
they giye greater reduction of noise. In the latest 
types the seal around the ear is made by a plastic 
cushion partly filled with liquid, and the muff is very 
comfortable to wear even for long periods of time. 

8, WHINTROUB 
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PENETRATION OF CHARGED PARTICLES IN MATTER 


URING September 15-18, 1968, an informal 


Gatlinburg, September 15-18, 1958. 
Edited by A. Vehling. (Nuclear Science Serica, 
Report No. 29. Publication No. 752.) Pp. x-+174. 
(Washington, D.C.: National of Scienoes— 
National Research Council, 1960.) 23 dollars.) The 
conference, which was attended by about fifty 
scientists from Canada, Europe, Asis and the United 
States of America, was organized by the Sub-com- 
mittee on Penetration of Charged Particles in Matter 
of the National Academy of Sciencee—National 
Research Counml and sponsored by the United 
States Atomic Energy Commision, National Science 
Foundation, and the Air Force Office of Scientific 
Research. 

About twenty-five talks were given and the pro- 
ceedings of the conference, edited by E. A. Vehling 
of the University of Washington, have now been 
published. Topics ing from the reliability of 
experimental data to new approaches in the theoreti- 
cal description of energy-loas mechanisms were dis- 


cussed. The papers are presented under five head-- 


ings : stopping power and range, recent developments 
in the theory of stopping power, charge-changing 
collisions, atomic and molecular scattering, ionization 
in gases by high-energy particles, and microscopic 
and macroscopic energy-loss distributions. 

Prof. 8. K. Allison, who introduced the papers on 
charge- i collisions, discusses measurements 
on the formation of negative lithium ions, and O. Y. 
Fan explains briefly the pio study of 
electron-capture processes. U. Fano summarizes the 
various theorstical reviews given in the final section 
of the proceedings dealing with energy-loss distribu- 
tions and adds an appendix in which he comments 
on ‘collective’ effects in atoms and in extended media. 
J. B. Hasted, of University College, London, the only 
representative from the United Kingdom, reports 
on ooimscidence methods of studying inelastic ionic 
collisions. 

The articles have been prepardd either by the 
speakers or by the chairmen of the various seasions in 
collaboration with the .. In some instances 
the reports include the resulta of the subsequent 
discussions. In a few cases the reports 
have been shortened or reduced to abstract form 
because of publication of the full report elsewhere. 
References are given. 


EQUATORIAL SPREAD-F AND F-LAYER HEIGHTS 


By Dr. A. J. LYON and Dr. N. J. SKINNER 
University College, Ibadan, Nigeria 
AND 
Pror. R. W. WRIGHT 
Unıyersity College of Ghane, Legon, Ghana 


E recently reported! on the 

œ Surprising mverse correlation 
obearved near the magnetic equator 
between the oocurrence of spread-F 
echoes and magnetic disturbance, 
in contrast to the direct correla- 
tion observed at temperate lati- 
tudes. The evidence then presented 
related to the exceptionally dis- 
turbed month of September 1957, 
and was derived from observa- 
tions at only a few ionospheric 
stations. We have now er- 
tended our analyms to cover a 
twelve-month period of the Inter- 
national Geophysical Year (Novem- 
ber 1957—October 1958), and have 
used observations from about sixty 
stations distributed over a wide 
range of magnetic latitude. In 
addition we have made a perallel 
study of the rapid rise m the 
height of the equatorial F-layer 
which oocurs just after local sun- 
set (from about 300 km. to more 
than 400 km. in l-2 hr.). It 


Maximum virtual height of F-layer (18.00 hr.) 
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“vas noted many years ago’? that this rise occurs 
just prior to-the development of the spread-F oon- 
dition. 

The twelve months under review were divided into 
three ‘seasons’, and the stations were divided into two 
zones, the American zone and the ‘Continental zone’ 
comprising Europe, Africa, and Asia. The mean per- 
centage frequency of the occurrence of spread-F at 
night, and the mean jmum virtual height (Amar. F) 
reached by the F-layer in the early part of the night, 
a Gav ties conaitues orl de batons 

y disturbed conditions for all the stations. 
The enen: -F index was derived mainly from published 
tables of foFa, but was checked whenever possible by 
” reference to the ionograms. The results of this analysis 
are summarized in Figs. 1-6. The upper curves refer 
to heights and the lower ones to the spread-# index m 





‘that spread-# arises from 
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each case, and both parameters 
are plotted against magnetic lati- 
tude. 

A number of conclusions may 
be drawn from these graphs 

(1) The equatorial belt, within 
which spread-F i a common 
occurrence under magnetically 
quiet oonditions, extends from 
roughly 20° north to 20° south of 
the magnetic equator. The amaller 
incidence in the American zone 18 
at least partly due to different 
conventions in scaling the data. 
There is probably little if any 
difference m the general incidence 
of spread-F between the hemi- 
spheres. Only in one case (north- 
em summer, American xone, 
Fig. 2) is the belt substantially 
narrower. 

(2) Within this belt there is in 
general a sharp diminution of 
spread-F during magnetic disturb- 
ance. (Again only American 
summer is exceptional.) 

(3) The change-over to a direct 
correlation between spread-F and 
magnetic activity generally occurs 
at about 30° N. or 80° 8. magnetic 
latitude. . 

(4) Inthe American zone there 
is a small seasonal movement 
{about + 5°) of the maximum of 
the spread-F belt, but no corre- 
sponding movement has been de- 
teoted in the other region. 

(5) Comparison of the upper and 
lower curves in Figs. 1-6 shows 
that there is a remarkably close 
coincidence between the spread-F' 
belt and the belt of steep 
sunset rise in h’ F. The widths of 
the belts and the positions of the 
maxima agree very well; in par- 
ticular, in the American zone the 
belt of rising A’ follows exagtly 
the seasonal movement of the 
spread-f belt. Moreover, the re- 
duced spread-F incidence during 
magnetic disturbance corresponds 
to reduced rise of A’F in every case. 
Perhaps moet convincing of all, in 
the one exceptional case where 
there is no reduction in spread-F during magnetic 
disturbance (Fig. 2), there is also no reduction in the 
rise of k'F ; and indeed in this case both the rise in 
h’F and the spread-F incidence are the amallest. 

The remarkable correlation between the occurrence 
of spread- and the prior rise of height of the layer 

ight be adbounted for in terms of Martyn’s theory‘, 
which ascribes the irregularities producing spread-F to 
upward vertical drift of ionization. Alternatively, it 
might be considered to support the theory of Dessler’ 
hydromagnetic waves of 
extra-terrestrial origin propagated downwards and 
“channelled by refraction into the 400 km. level”. The 
evidence of Figs. 1-6 might well suggest that a height 
of about 400 km. is critioal for the formation of 
spread-#?. However, neither theory appears to 
account satisfactorily for the fact that equatorial 
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read-F usually continues throughout the night, even 

though after about 20 hr. the height of the layer 
decreases and for much of the night is below 300 km. 

The results summarized above will shortly be pub- 
lished in greater detail elsewhere. 
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2 Osborns, B. W., J. Atmos. Terr. Phys., 2, 66 (1061). 
4 Martyn, D. F., Proc. Inst. Rad. Eng., 47, 147 (1959). 
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A NEW LIMIT TO THE GALACTIC MAGNETIC FIELD SET BY 
MEASUREMENTS OF THE ZEEMAN SPLITTING 
OF THE HYDROGEN LINE 


By Dr. R. D. DAVIES, C. H. SLATER, W. L. H. SHUTER and P. A. T. WILD 
Nuffield Radio Astronomy Laboratorles, Jodrell Bank, University of Manchester 


HE existence of a magnetic field m the Milky 

Way system has been inferred fram the 
in direction of polarization of the hght from distant 
stars, from the isotropy of high-energy coamio rays 
and the presence of galactic radio-frequency emission 
attributed to the synchrotron mechsniam. However, 
none of these observations gives a direct measure of 
the magnitude of the galactio magnetic field ; various 
estimates of the magnetic fleld in the galactic disk 
based on these data give values in the range 0:5 x 
10" oersted to 8 x 10-* oersted. 

The Zeeman splittmg of the line radiation from inter- 
stellar neutral hydrogen can be used as a technique 
for detecting weak interstellar fields. The line-of- 
sight component of the magnetic field gives rise to a 
splitting of the radiation into left- and right-hand 
circularly polarized components separated by 2-8 
me./a. per oersted. The effect is most readily measur- 
able in the narrow deep absorption features in the 
spectra of the mtense radio sources. A previous 
attempt to detect the fleld in this way gave an upper 
limit of 5 x 10-* oersted!. The present article 
describes further experimente which set a new limit 
to this interstellar magnetic field. 

The three deep lines in the Cassiopeia-A absorption 
T ae One is caused by a cloud in 

rian arm and two by clouds in the Perseus arm. 
The narrow feature investigated in the Taurus-A 
spectrum is m the Orion arm and that in the Sagit- 
tarius-A spectrum is in the 3 kiloparseos i 


arm. The positions of all the five clouds studied are _ 


indicated schematically in Fig. 1. The experiment 
was conducted in two parts; the Orion arm cloud 
and the ‘near’ Perseus arm cloud of the Cassiopeia A 
spectrum were measured in the period March 6-22, 
1960, while the three other clouds were investigated 
during May 26—June 7, 1960. 

The experimental technique consisted of controlling. 
the 250-ft. radio telescope to follow the required radio 
source and switching the receiver to accept left-hand 
and then right-hand circular polarization onos every 
24 sec. This polarization switching was affected by 
rotating a quarter-wave dielectric plate from one 
plane to the other of the square waveguide section 
which illuminated the paraboloid. The receiver 
mocorporated a. phase-sengitive detector and would 
respond to any Zeeman splitting smce this would 
produce a phase-sensitive component with a 24-800. 
period. The half-power band-width used was 
7-ko.js. in all measurements except those on the 


narrow feature in the Taurus-d spectrum, where it 
was 4 ke./a. A given abeorption feature was then 
scanned in frequency using a variable second local 
oscillator. 60-100 such scans were taken on each of 
the five absorption lines. 

Hach of the absorption profiles was analysed for 
the presence of a magnetio field in the following way. 
About 40 of the best scans were added together to 
obtain a mean curve. If polarization were present 
this curve would have the shape of the differential 
of the absorption profile and for any given profile the 
amplitude of this expected curve would be directly 
proportional to the strength of the magnetic field. 
As an example, the mean curve and the absorption 
profile observed im the Orion arm oloud in the 
Casmopeia-A4 spectrum are shown in Fig. 2. Each 
mean curve was then fitted by an expected curve the 
amplitude of which gave the least-squares deviation, 
and the magnetio field corresponding to this curve 
is given in oolumn five of Table 1 together with the 





.1. Schemate diagram of the neutral hydrogen arms of the 


showing the tions of the radio sources Ossslopoa-4, 
Soe 4 on Pagittenue A (ified araa) amd the absorbing 


clouds (open ctrofes) studied in this fnvestagation 
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estimated standard deviation. The magnetio field 
ee eee eet ae 
observer 

Those resulta give no positive evidence for e mag- 
netio field in any of the clouds studied. The line-of- 
sight component of the magnetic field in eech- of 


“Table 1. Lumes oF THe MAGNETO Frain DETERAINED FEON 


PRATURES IK TAREE INTENES Hapro Sovzcms 
Volocity displace- Galactic tycntsg 
Soares moni of longttade (new field (units of 
feature ) co-ordinates) 10 oersted) 
1. Oneslopeia-4 — 1 112° +1i6¢ 
WEA) (Orion arm) = 
2. he — 88 112° +147 
Gamioa -d Oe 
3. niona A anol ) 112° -347 
4, earned +10 185° +10 4 10 
BNRA) (Orion arm ?) 
5. A —58 0° +1440 
(igen) (Axpanding arm) 


NATURE 


1089 


the three clouds in the direction of Caasiopeia-A is 
leas than 1 x 10-‘ oersted, and indeed for the case 


-of-the Orion arm cloud it is leas than 0-5 x 10-' 
oersted. 


If the magnetic feld configuration follows the spiral 
pattern of the Galaxy the line-of-sight to Cassiopeia-A 
would make an angle of about 30° to the direction of 
the fleld. the magnitude of the actual 
field has limits only 15 per oent greater than those 
given for the Camiopeia-A features shown in Table 1. 

The measurements on the Taurus-A cloud gave a 
higher limit to the magnetic field because it is a weaker 
absorption feature. Nevertheless they show that 
the radial field of the Galaxy near the Sun is less than 
2 x 10~ oersted. The cloud studied in the Sagit- 
tarius-4 spectrum shows a radial oomponent of 
Se a eee It lies in 

8 kiloparseos arm where anomalous 
Mice ee ee ee ` 
substantially higher than farther oub in the galactic 
disk near the Sun. Here the neutral hydrogen gas is 
expanding outwards at 50 km./seo. having left regions 
nearer the centre where the expansion velocity is 
200 km./se0. 

The upper limit of the magnetico fleld in the disk 
ee this experiment is amaller by 

t factor than that demanded by some 
Theia. The theory of Biermann’, whioh explains 
the synchrotron radio emission from the Galaxy in 
Ce eee 


fields of 2-8 x 10-* oersted in the galactic disk. 
The model of the Galaxy pro by Elvius and 
Herlofeon‘ a magnetic fleld of 2 x 10-* 


oersted. Attempts to understand the 
of starlight® have often required fields of 
1 x 16-5 oersted. Such theories may 
reconsidered in view of the present results. 

Wo wish to thank Prof. A. C. B. Lovell, director 
of the Laboratories, for making available the facilities 


polarization 
ter than. 
ve to be 


J. A., Slater, O. H., and Shuter, W. L. H., Mom, Wot. Roy, 


siro. Soo., 190, 187 (1960). 
a , and Oort, J. H, Pree. U.S. Net, Aowd. Soi 48, 1 
* Biermann, L., “Present Problems tho Biructure and 
agen) of the Galactio System”, N.U.F LO amaa Coarse 


t Hivins, A., and Herlofson, N., Astrophys. J., 181, 304 (1900). 
* Davis, L., and Greenstein, J. L., Astrophys, J., 114, 906 (1051). 


COMPARISON OF THE CHEMICAL COMPOSITION AND MAGNETIC 
PROPERTIES OF TEKTITES AND GLASSES FORMED BY 
FUSION OF TERRESTRIAL ROCKS 


By Dr. IRVING FRIEDMAN, Dre ARTHUR THORPE and Dr, FRANK E. SENFTLE 
ð U.S. Geological Survey, Vvashington, D.C. 


E sistent Aatee vane -asaic heat 
terrestrial 


the Earth to-day. In particular, 
Hawkins’ has pursued the hypothesis that tektites 
may be a special form of fulgurite. In order to shed 


more light on this problem an attempt has been made 
to determine the changes in chemical composition 
that silicate rooks would undergo when heated to 
2,000-3,000° O., in air in a solar farnace. The fused 


materials were analysed chemically and magnetically 
before and after fusion. 
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Table 1. OHEMICAL COMPOarTION OF Roox MALTS BAFORE AND Arran Himma’ 
~ TORE 
Sand, Big Stone Bentonite, Basalt giam, Obsidian, Iceland | Rhyolite, Thomas; Bhyolite, New 
a Phoent, Ariz. Hawa 3024-1 , rani 
3104-2, 8 3104-4, 7 67-8, 46174 4617-1 4617-34, 3104-4, 5 
| ret 89 3 87 0 68 7 68 2 51:8 51 8 738 74-7 773 766 | 767 767 
Al,O. 4-5 68 186 160 180 15-0 13-7 140 6 32 18 0 181 
FeO. 25 10 13 05 09 24 07 04 0 03 08 03 
Fed 14 265 0-00 0:72 103 88 1-7 19 0-05 0 68 0 79 0 68 
Argo 0-30 0 58 60 EL Ta 74 012 0 13 0 08 10 0 04 0 OS 
aO 0 77 10 12 11 11-8 11:7 10 1:0 0 75 15 0 58 0 51 
NaO 0 21 0-20 2-9 28 ad a4 48 423. 34 29 40 40 
K, 11 0 02 0 49 0 53 0 56 0 55 40 85 51 47 46 46 
NaO + K,O 181 118 339 3n 20 205 88 78 85 76 86 86 
F e't 163 +036 0 01 0 02 0 08 024 0 87 0 19 162 0 40 0 84 0 40 
anaoopt- 
x 
(107 om. u /gu. 
to 41 32 138 123 171 160 475 3 31 02 11 116 1 41 
o 
(o~ emu jg. 
ta) 2,640 660 1:20 0 0 0 19 6 0 107 0 
Heating dime 45 min. 3 mm. 5 min 15-20 min. 15-20 min. 5 min, 
= 




















* Analyses performed by Rapid Rook Analysis Group, U 8. Geological Survey. 


The rock samples were heated by placing them at 
the focal spot of the solar furnace at the U.S. National 
Bureau of Standards. This unit consists of an 8-ft. 
square mirror controlled photoelectrically by «4 
heliostat and adjusted to reflect the Sun’s light into a 
60-in. diameter parabolic mirror of 24-m. focal 
length. A relatively large specimen is fastened in a 
holder that can be moved independently around 
three mutually perpendicular azmmuths by means of 
individual electric motor drives. The operator can 
view the sample through a small hole in the centre 
of the parabolic mirror. The hot focus can thus 
be moved to different parta of the specimen by 
the motor drivea on the sample holder m order to 
melt an area larger than the focal area. The oon- 
struction of the furnace makes it necessary to have the 
sample mounted vertically, and any molten material 
produced tends to drop off after a relatively short 
time. This limite the time of heating for those rocks 
the melta of which are very fluid, such as basalt. In 
the case of the bentonite and basalt glass, the material 
dropped off after a few mmutes of heating at tem- 
peratures estimated to be more than 2,500° O. The 
more siliceous melts, on the other hand, were far 
morg viscous, and the molten area could be kept 
hot, for periods of 1/2 hr. or more before they dropped 
off. 


The temperature measurements were crude esti- 
mates, at best. The melts were far from black bodies, 
and tended to reflect the Sun into the optical pyro- 
meter, which tended to make the temperature 
readings high. The value of 2,500+300° C. 1s thus a 
rough estimate corrected for reflexion. 

Total chemical-analyses by the method of Shapiro 
and Brannock’ were made on all the unheated and 
fused. ens. As magnetic measurements have 
been used to show the state and quantity of iron in 
glasses (see Senftle and Thorpe‘), the magnetic 
susceptibility and saturation magnetazatidn were also 
Ineasured on all samples before and after heating. 
The resulta listed in Table 1 have been reduced to a 
water-free bams. 

In tektites the monovalent alkali oxides (K,O, 
Na,O) are generally lower than the divalent oxides 
(FeO, MgO, and CaO). It was expected, therefore, 
that due to loss of volatiles, the chemical camposition 
of the fused rocks might approach the average 
composition of some of the tektites as shown in Table 
2. The logs of silica and alkalis and the concentration 


of alumina are apparent in most of the samples. How- 
ever, the changes are small, and one can conclude that 
much higher temperatures and/or longer periods of 
heating would be a te change the composition 
of even an obsidian to t of an indoochinite, two 
materials the silica and alumina composition of which 
are fairly close even before heatmg. 

Another interesting observation is that the ferric— 
ferrous iron ratio in the fused samples tends to 
approach the average value of 0-4. The iron in the 
basalt and rhyolite glasses oxdized whereas that in 
the obsidian and other more oxidized materials was 
reduced. The reduction of ferro to ferrous iron in 
air begins at some temperature between 1,300° C. and 
1,400° C. primarily due to the decomposition of 
Fe,0,. Abou-el-azm* has exammed the change in 
compomtion of many silicate glasses with tempera- 
ture, and has shown that the ferrous iron increases 
rapidly above 1,400° O. By extrapolation of his 
resulta it can be shown that in the region of 1,700° C. 
the conversion of Fe* to Fe* reachea a limiting 
value. He has also found that if the ferrico-ferrous 
ratio is low (high ferrous iron) initially, part of the 
ferrous iron tends to be oxidized due to contact of 
the glass with the air at the surface of the melt, or 
by oxygen contributed by the other constituents. 
His work indicates that the melt approaches an 
equilibrium between Fe* and Fe* depending on the 
available oxygen and the temperature of the melt. 
Thus, it can be expected that as the temperatpre 18 


raised above 1,700°C., the ferric—ferrous ratio of - 


fused rock will approach a limiting value for a given 
oxidizing atmosphere. : 

In the experimental work reported here the fused 
rock glass was in contact with 1/5 atmosphere of 
oxygen at approximately 2,500°O. Ab this oxygen 
preasure and high temperature the ferric—ferrous irop 
ratio appears to approach an equilibrium value of 
about 0-4. In comparison, the same ratio for tektites 
is somewhat smaller as shown in Table 2. This 
difference in the ferric-ferrqus ratio between fused 
rocks and tektites that the tektites 
were probably heated m a gas phase the partial 
pressure of oxygen of which was lees than 1/5 


ETR 

Tf the last heating of the tektites occurred as they 
passed through the atmosphere, it ja possible that the ° 
major portion of the heating occurred in the upper 
atmosphere at oxygen pressures many orders of 


a 


> 
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Table 2. ATIRLGE COMPOATION OF Taxrerms (COMPUTED FIOM Dati GIVEN BY BARKIS, RNF. 6) 




























































amce. 
(not Java) 
Bi BEN 70 60 70 50 78-83 73-78 
41,0, 12-57 11-08 12 88 18-75 11-33 
FeO 1-47 0 15- 0 74 0-60 0 88 
F 419 224 5-27 425 448 
MgO 3-00 1 30 3-07 1-38 230 
000 3 10 1-02 8-14 3 OL 2-49 
NaO 182 0-51 1-75 1 95 1-15 
Kd 1 08 8 00 2-23 2 05 12 
0 37 0-07 0-45 „0°19 0-25 
H,O = 0-04 0-00 0 09 0 06 
TO 0-89 0-80 0:85 ” 0-07 0 87 
nd 011 011 016 0-16 0-11 
100 35 101-39 
or es 
FeFe 0 81 Po 0-08 
Average tho 
snscep x 
repent z 
untta)* 7-0, 5% 26 



























* Bee Benftie, F., and Thorpe, A. (ref. 4). 


* magnitude less than at the surface—perhaps as low 
as 10-4 to 10-* atmosphere. As the air density 
increased, the objects were slowed down and the 
heat produced was lost more efficiently. This is 
in accordance with the observation that stony 
meteorites that are heated sufficiently in their 
passage through the upper atmosphere to form a 
fusion crust are cool enough to handle by the time 
they strike the Earth. 

The saturation tion, o, of the molten 
seas i giinflar t0 that roparied fee testes The 
data in Table 1 show that, after melting, the mag- 
alr pect dropped to zero (with the exception of the 

sand specimen from Big Stone Gap, Virginis) in 
accordance with similar measurements on tektites 
reported by Senftle and Zero magnetization 
indicates complete’ solution of the iron, and one 
therefore concludes that complete solution of the iron 
has taken place ih these melts within the heating 
time. The above authors have previously shown 
evidence that the minimum heating time necessary 
to dissolve particulate iron oxide is probably of the 
order of 1 min. for of the order of 
2,000° O. and maybe slightly leas for higher tempere- 
tures. For the experimental temperatures and chemi- 
cal composition, the heating time shown here oan. be 
considered ample to produce tektite-like glass. 
The heating period of tektites is probably greater 
than, one minute, but not necessarily larger than fif- 
teen Minutes, except per for specimens containing 
a very high silica content, for example, Libyan Desert 
. glass (this glass is not considered to be a true tektite 
wee some investigators). 
The change in the value of the magnetio sus- 
ceptibility is not considered too important from the 
Fado simply reflect tho total iron oon Its magni- ’ 


eee reflecta the total iron content,-and the 
oan be explained by the solution 
Series the iron in glass. Thus, the high susceptibility 


for the sandstone is due to moomplete solution of the 
iron in the glass, wherbas jhe high value for basalt 
glasa is due to the high iron content. The rest of the. 
rocks contain. leas iron than most tektites, and hence 
their corresponding magnetio susceptibilities are 
lower than those of tektites. 

Table 3 shows the results of the magnetic measure- 
ments on the unheated and fused rock m which 
tektites have been found. The values of the magnetic 


susceptibility and saturation magnetization are not 
too unlike that for tektites ın general, but the results 
show that the magnitude of the susceptibility is quite 
different from that of the tektites found in the area. 
It indicates that the moldavite contains less iron 
than the enclosing sand, whereas bediasites contain 
more iron than the local rook. One cannot help but 
conclude that tektites are not formed fram the local 
rock in which they are found, for example, by local 
surface heating or effecta of lightning. 

In summary, the chemical and magnetic measure- 
menta of several types of rocks have been made 
before and after fusing at 2,500° ©. in air at atmo- 
spheric pressure. The changes in composition indicate 
that tektites were either (a) melted at temperatures 
in excess of 2,500° C, or (b) heated at this temperature 
for periods in excess of 20 min. Thus, the small change 
noted in the-ocomposition suggests that the observed 
composition of tektites fie bably reflects the oom- 
position -of the material whioh they came. The 
larger ferric—ferrous ratio of the fused rocks compared 
to that of tektites suggests that the tektites were 
-melted in an oxygen atmosphere the pressure of 
which was lees than that on the surface of the Earth. 
The ‘changes observed in the magnetic propérties 
indicate that a heating period of 15-20 mi? at 
2,500° C. is sufficient to produce magnetic properties 
similar to those of tektites, but does not preclude the 
possibility of longer periods of heating. Comparison 
of the magnetic susceptibility of tektites and the 
melted rock from the same location show that 
tektites could not be formed from the rocks in which 


‘Table 3. OomMPaxisoN OF THE MAGRETIO Paorsxties OF Taxrrrms 
AND THE GLASS MADE FRON TER HNCLOSING Rook FORMATION 


| 





















Sample snseoptibil! 

zemu /gm.) 

R: Band from Nechov, Bohemie.* errr 

Glass made from sand 645 x 10° 

Moldavite from the same site* 2 04 x 10° 
Sandstone from Woellborn sand- 

stone of the Jackson group, 

Texast 2-48 x 107 
Glass madn from pand 2:41 x 10-* 
Bedtasttes from #254 10 
Fa ee ee and contiúted: by A. J. Cohen, Mellon 

Institute, Pittaburgh, Pa. 


t Specimen collected and ponte ated by- G. 8. Hawkins, Boston 
Umversity Observatary, Boston, Mass. 
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they are found. The above date suggest that tektites 
were not formed by heating of surface material tn siu 
or by lightning. 

We are indebted to Dr. Van Valkenburg of the 
U.S. National Bureau of Standards for use of the 
solar furnace. We also thank our colleagues who 
contributed specimens or helped us by their critical 
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ZONE ELECTROPHORESIS OF ANTHOCYANINS 


By Pror. P. MARKAKIS ° 
Food Sclence Laboratory, Michigan State University, East Lansing, Michigan 


HE molecule of anthocyanms has been con- 

sidered ionic since the classical studies of Will- 
stitter'. Migration of these pigments in an electro 
field should, therefore, be Recently 
Schmidt and Schdnleben* and Wyler and Dreiding* 
observed that the red beet pigment, the enthocyanio 
nature of which is still m doubt, does show electro- 
phoretio migration. 

In this article it is reported that the typical 
anthocyanins of sour cherries, strawberries, plums 
and rosea, when placed withm an electric fleld applied 
across filter paper (or cellulose powder), move to 
the anode or the cathode, depending on-the pH 
of the electrolyte solution. The isoelectric pointa 
of the two anthocyanins of the tart cherry, Prunus 
cerasus L., var. Montmorency, are also given, along 
with the observation that the isoelectric pointe of 
these anthocyanins seem to coimcide with the pH 
at which the pigments display minimum oolour. 

ig riniay T yc were in a 70 
per cent ethanol extract saved from a pdrallel experi- 
ment on the pectins of this fruit. This extract was 
stored at 0° O. and aliquots were concentrated at 
40° O. in a vacuum, rotating evap- 
orator. The strawberry antho- 
oyanins were extracted, with n- 
butapol, and those of the dtied 
rose petals or plum skins with 
mefhanol The extracts were 
shaken with enough petroleum 
ether, or ether and petroleum ether, 
to precipitate the pigments in a 
small quantity of 1 per cent 
aqueous hydrochloric acid, and this 
concentrated aqueous solution of 
pigment was subjected to paper 
electrophoresis. 

The concentrates of the antho- 


cyanins of various origins were 
streaked on strips of a Spinco 
model R paper phoresis ap- 


paratus., A variety of electrolytes 
such as phosphoric acid, acetic acid, 
formic acid, or their sodium salta, in 
concentrations of 0-1 or 0-01 M, 
were found suitable for the electro- 
phoretic separation of the pigments. 
After the application of a voltage 
gradient óf 7-8 V.cm.! for 5-10 hr., 

y moved to- 


the pigments phoresis n a 8 
ward the cathode, if the pH of the. 


Fig. 1. The anthocyanins of Premas cerasus L. var. Mon 


pinco appara. 
various pH’s with sodum baat yo 


electrolyte was below 6, and toward the anode if the 
pH was above 7. To render the pigmented zones 
more visible after runs close to the isoelectric point 
or the alkaline side of it, the strips were exposed to 
hydrochloric acid fumes. Fig. 1 is a photograph of 
the strips after electrophoresis of the cherry antho- 
cyanins at various pH. 

In order to obtam larger quantities of purified 
cherry anthocyanins for further study, the pigments 
were separated by means of a Reco model #-800-2 
flat electrophoresis ipare: A 5-mm. thick layer 
of Whatman cellulose powder, suspended in 
1 M acetic acid, was applied on the plate of the 
apparatus and the pigment concentrate was streaked 
at three or four different places across the field. 
With a voltage gradient of 10-15 V.cm.-!, eatis- 

seperation of the two cherry anthocyanins 
was achieved after 8 hr. The coloured zones were 
removed, eluted with methanol, and the eluate was 
concentrated in, the vacuum evaporator at room 
temperature. The electrophoretically isolated pig- 
ments showed the same mobilities on the strip 
electrophoresis apparatus as those displayed when 





: 06-08 df ortho 
oltage gradient. 7 Vom.. 
perature 
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Cathode * 


Apparent mobiltiy wS x 10° 





(in an. per seo. 
of Fig. 1 


pparent electrophoretic mobilities 
gra tot T Font) or fhe Mon 
elise ga fonstions of pH. 


Conditions same as in 


the riginal mikvars’ waa E Also no difference 
in mobility was observed when the pigments were 
first isolated 
(performed wi 
acetic acid: water, 40:10: 12-5 v/v) and then sub- 
jected to electrophoresis. The -pigment which 
travelled the fastest in chromatography moved the 


slowest in acidic electrophoresis 
Consequently, the original mixture wae deemed 
adequate for ic mobili- 


atte ee oa ere 
individual cherry pigmenta. The mixture was further’ 
dried in vacuo to a mass, which was then 
diluted with 0:08 M phosphate buffer of various 


pH’s and streaked on the strip apparatus. After. 


electrophoresia under the conditions described in the 
legend of Fig. 1, the apparent electrophoretic mobility 
(not the real mobility of the molecules in the tortuous 
peth of the paper capillaries) was calculated. The 
electro-ommotio correction was estimated for each 
pH by meana of the dextran indicator as described 
by Kunkel and Tiselius‘. The corrected values are 
graphically presented in Fig. 2. It appears that the 
isoelectrio poms of pigment £ is 6-9 and that of B, 
8-0. 

To tost the hypothesis that the isoelectric point 
and the pH of minimum colour display coincide, the 
electrophoretically isolated cherry anthocyanins were 
dissolved in 1 M citric acid—sodium hydroxide buffer 
of various pHs, and the absorption spectrum of the 


(500-530 myu) in which these pian 
` ‘tnaximum of absorption, the least eptoal de 
found to be very alose to the i io point, an iR 
indicated in Table 1. 
Binoe the M cherry anthocyanins have 


been, characterized’, it was easy to identify the electro- 
phoretic fractions A and B. Both paper chromato- ` 
graphy and the sodium carbonate teat* indicated that - 


Table 1. OFTIGAU DEKRETNI AY IRO HN OF Fia Oe ener Onmmny 
Orreiya BUFFER at VARIOUS pH’s 


AWTHOOYTANING Ix BODIUE 
z A Anth. B 
0 0-478 0-088 
440 0:100 0-155 
54 0-124 0-108 
54 0-106 0-105 
60 0-083 0-008 
6s 0-085 0-110 
70 0-084 0-119 
74 0-036 0-120 
80 0-087 0-128 
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Sal pigment the 
on tho “separation of 


on 
anthocyanins. It is still unknown, however, whether 
it will be as widely applicable as the chromatography 
ease Scanian 
From the structural pomt of view, the formule 
Roe dae By ee and Sondheimer! may acoount 
horetic and chromatic behaviour’ of 
the se st studied. At the iscelectrical 
point of antirrhinin, for emis ea ey of Ingold’s 
forms—four tautomers differing in the distribution of 
the phenolic protons, each tautomer being mesomeric 
between a betancid and a quinonoid form, such as the 
pair I and Il—and Sondheimer’s paeudobase IIT 
+ OH OH 
(0) (0) 
H 


H 


H 





interrupted 
le with the lack of colour at this pH. On the 
acidic side of the isoelectric point, form IV should 


prevail, the rather unstable oxonium gules 
mvolying the olico oxygens may be Eo roin 

pH higher than the isoelectric Lace ope eration 
configuration probably di 

charged tautomers of type pease ennai 


forms. 


OH 
oO 





i OH 
S OH -0 
OR 


OR 
H 


(A2) 





- is made of the technical asais- 
tance of Miss 8. Krishna. 

1 Willstdtter, R., and Hverest, A. B., Liebigs Ana., 401, 180 (1913). 
* Bohmidé, O. L, and Sohinleben, W., Neturwiss,, 43, 159 (1958). 

3 Wyler, H., and Dreiding, A. &, Helv. Okim. Acta, 40, 191 (1087). 
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USE OF FERRITIN-CONJUGATED ANTIBODY TO LOCALIZE ANTIGEN 
BY ELECTRON MICROSCOPY 
By RICHARD A. RIFKIND*, KONRAD C. HSU, COUNCILMAN MORGAN, 


BEATRICE C. SEEGAL, ALICE W. KNOX and HARRY M. ROSE 
Department of Microblology, College of Physicians and Surgeons, Columbia University, New York 


HE conjugatioh of ferritm with globulin, as 

described. by Singer', provides a reagent which 
allows adaptation of the basic principle of immuno- 
fluorescent staining’ to electron mi The 
ferritin molecule, a protein of molecular weight about 
700,000, contains a central core, 55-60 A. in diameter, 
of four ferric hydroxide particles which are suffiaently 
dense to be readily identified in electron micro- 


case ei 
orse spleen ferritin’,’ (supplied by courtesy of 
Dr. A. Masur, Cornell University Medical College, 


and the Sylvana Chemical Co., Orange, New Jersey) 
and antibody globulin’ were conjugated according to 
Singer’s method! with minor modifications, as 
follows: 4 ml. aE EB por ant polu ian o peer 
amorphous ferritin were mixed. with 2 ml.-of 0-3 M 


borate buffer (pH 9-5) to achieve a fmal'0 -1 M buffer - 


solution. 0:12 ml. of m-xylylene ditsocyanate (sup- 


ied by courtesy of the Carwin Co., North Haven, 


mn.) was added, the mixture was stirred for 45 min. 

at 0° O., left to stand 1 hr. and centrifuged-for 30 min. 
in the cold. The tant was removed- from-the 
unreacted. ene di te, which waa discarded. 
The ferritin—xylylene isocyanate complex ‘and the 
immune globulm were mixed on a weight-for-weight 
basis and buffered with 0-1 M borate.buffer. Sodium 
chloride was added to 1 M concentration. The mix- 
ture was stirred at 4° O. for 48 hr., dialysed’ against 
0-1 M ammonium carbonate o i and dialyped 
an additional two days with 0-1 M. phosphate. buffer 
(pH 7-5). It was then centrifuged, the supernatant 
passed through a ‘Millipore’ filter and-stored for use. 
In order to ascertain the effect.of conjugation on 


gen, ” 
ody to purified bovine serum albumin whs used. . 


Bye means of Boyden’s technique’, as modifled by 


was found that conjugation with ferritin did ‘not 
reduce the inin titre of the ‘anti-bovme 
serum albumin globulin. The agglutinated red cells were 
washed, ae ee ee 
and dried from suspension on ‘Formvar’-coated gtids 


Electron microscopic examination revealed cin , 


ferrrtin particles on the red cell stromata. Controls 
included unconjugated anti-bovine serum, albumin 
globulin mixed with ferritin, o non-specific ferritin- 
conjugated antibody (rabbit anti-pneumocoocus type 
15 globulin) and purified ferritin alone. 

The technique was applied to the identifloation of 
virdl antigens in tissue using mfluenza virus, PR8 
„aain; which, was: imoculated By the: allantoio rönte 


into 11-day-o]ġd'chickęn embryos. After incubation - 


“at 85° O. for 44—48 hr., portions of infected chorio- 
allantoic membranes, still attached to the ogg shell, 
wera -placed for 1-60 min. at room EERENS in 


* Follow of the Natonal Foundation. 74 


~ 
X 
r 


ferritin-oonjugated chicken anti-PR8 globulin which 

been absorbed overnight with acetone-extracted 
chicken embryo powder. (This anti-PR8 globulin had 
not lost any appreciable hamagglutinm-inhibition 
titre in the ceurse of conjugation with ferritin.) After 
washing in Tyrode’s solution the membranes were 
detached from the shell, fixed for 20 min. in buffered 
osmium tetroxide, dehydrated in graded dilutions of 
ethanol, trimmed, embedded in N-butyl methacrylate, 


sectioned on a Porter-Blum microtome and examizied 


m an R.O.A. BMU-2B electron microscope. 


t 


In work using the fluorescent antibody technique,” 


tt has been repeatedly demonstrated that im the 
course of influensa and fowl plague infection viral 
antigen eventually concentrates at the cell surface!!-4. 
Previous work in this laboratory has elucidated the 
morphology of the virus and shown that it differ- 
entiates’ at the cell surface of the infected ohorio- 


allantoic membrane“. Fig. | illustrates a thin section 


through the superficial portion -of a chicken chorio- 
allantoic cell infected with PR8 influensa virus and 
to ferritin-conjugated anti-PR8 


limiting 
traverses the lower border, hes been cut obliquely 
and is therefore poorly defined. Extending upward 
into the chorioallantoic space is a cellular protru- 
sion. On the cellular surface are scattered oval viral 
fees iene Goss poorly defined core, a 

membrane and a diffuse outer coat. 


- Serial het have shown that structural appear- 


ance of the particles depends on the level at which 


` they are cut: they are relatively dense and sharply 





uena virus at the cell surface. cA aga pranua 
e vial parila ata clearly Vibe, { x 170,000) 


Fig. 1 


' Likewise, PE8-infected membranes 
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defined when sectioned centrally, but appear lees 
dense and more diffuse when the plane of section is 
eccentric. The opaque, defined ferritin 
granules are'attached to the outer coat of the 
virus. As may be seen in several stances, ferritin 
overlies the viral icle when it is eccentric to the 
plane of section. It is likely that with our present 
methods all the antibody is not conjugated with 
ferritin and hence determination of the precise 
arrangement and number of antigenic unita on the 
viral surface must await further study. As a control 
to the foregoing i chorioallantoic mem- 
branes were infi with the Lee strain of influenza 
virus and treated in an identical manner with ferritin- 
conjugated anti-PR8 globulin. Although a few 
soattered ferritin granules were present on these cells, 
there waa no predilection for the viral particles. 
to other 
non-specific ferritin-conjugated antibodies (rabbit 
anti-pneumococcus type type 15 globulin and duck anti- 
rabbrt-globulm globulin) showed only sparse and 
randomly distributed ferritin particles. Further to 


* document the specificity of the reaction, PR8-infected 


membranes were exposed to unconjugated anti-PR8 — 


globulin for 1 hr., then washed and placed in ferritin- 
conjugated enti-PR8 globulin for 2 min. This resulted 
in no localization of ferritin on the virus, whereas an 


infected membrane exposed for 1 hr. to normal serum - 


before immersion, in forritin- anti-PR8 globulin showed 
characteristic tagging of the virus. 


1095 


It appears that ferritin-conjugated antibody glob- 
ulm maintains ita serological specificity and thus 
renders visible in the electron mi the sites 
of ody interaction. Within the limite 
of these experiments it haa been shown that tagging 
of virus with ferritin-conjugated antibody is specific- 
ally blocked by prior treatment with unconjugated 
antibody globulm. Work is in progress to modify the 
technique so that identification and localization of 
intracellular antigens may become possible. 

These investigations were conducted under the 
auspices of the Commission oh Influenza, Armed 
Forces Epidemiological Board, and were supported in 
part by the Office of the Surgeon General, Department 
of the Army, Washington, D.C., by a grant from the 
National Foundation, and USNIH grant H-39290. 
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IMMUNOLOGICAL RELATIONSHIPS BETWEEN THE RAT GLOMERULUS 
AND NEPHRITOGENIC STREPTOCOCCI 


By A. S. MARKOWITZ, S. HOWARD ARMSTRONG, Jun., and DANIEL S. KUSHNER 
Hektoen Institute for Medical Research, Cook County Hospital, Chicago, Illlnots 


R many years efforts have been made to establish 
an experimental counterpart for human glomeru- 
lonephritis utilizing the streptococcus or ita producta 
without notable success. The most recent, by Kelly 
and Winni, employed an in eal diffusion 
chamber containing Group A, type 12 streptococci. 
These workers reported that such a procedure led to 
the establishment of glomerular lesions. 

Utalizing such chambers, gelato 108 cells of 
an lf-hr. culture grown in -Hewitt broth were 
introduced and the side arm sealed off by heat-fusing a 
polyethylene tube. Strains NAO, NV and NVO, 
aig tors type 12 streptococci were obtained through 

of Dr, Elizabeth Potter, Dept. of 
Mediis Northweetern Medical School. AN strains 
were originally isolated from the throats of -acute 


.glomerulonephritio patiente. The chambers were’ ` 


Inserted into the peritoneal cavity of famale, Holtzman 


strain rata weighing 150 gm.; removed after 72 hr. and - 


the animals killed ane, two, and four weeks from the 
date of insertion of the chamber. In all instances the 
kidneys appeared grossly and histologically 
normal, that is, within the limita of histological varid-' 
pat eae pec lar eG gy aa 
cellularity of glomeruli and rare casts within tubules. 

within thia context, histopathologioel inter- 

real ra have been made initially by observers 
without prior knowledge of the experimental procedure 
employed and afterwards reviewed in the light of 


such knowledge. (We are indebted to Dr. Paul B. 
Szanto, director of logy of Cook County ital, 
for his critically cautious counsel in histological inter- 


Se E eee 
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Studies of the virulence of the strains 
revealed no useful LD,ẹ» since 10° cells fi 
affect a single mouse. Virulence enhancement by 
means of mouse was then instituted with one 
of the strains, NAO. The first passage required intra- 
peritoneal introduction of the organisms with an equal 


., volume of a 5 per cent suspension of hog poem cee 
in order to obtain sufficient numbers o 


.subsequent splenic homogenate transfers. After ps 


passages the NAO strain presented an [Dy of 107 and 
was then sub-labelled NAO, 
` Litroduction of the NAC ‘strain into the chambers, 


‘implantation for 72 hr. and killing of a group of 12 rate 


at four weeks consistently produced lesions the max- 
imum degree of which is illustrated in Fig. 1. (A 
representative glomerulus from a control animal is 
illustrated in Fig. 2.) The glomerular lesions never 
approached, either in intensity or in diffuseness, 


. those we haye seen in initial biopsies of streptococcal 


related acute glomerulonephritis in the human. The 
spotty were uniformly socom- 
panied by eosinophilic casts both in proximal and 
distal convoluted tubules in numbers far in excess of 
those seen in doritrol animals. 
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Fig. 2 Moema) Genie: (xe. 360) 


Subsequent to these experimenta an additional 
strain, Aia-41, was obtainedwhich after five passages 
in mice had an LDw of 2-5 x 10! and within peritoneal 
chambers induced smmilar histological changes in a 
group of 12 animals. (We are indebted to Dr. J. 
Hayashi, Department of Biochemistry, University of 
D1mow Medical School, who obtained this Red Lake 
strain for us through the courtesy of Dr. W. Schmitt 
of the Cuyahoga County Hospital, Cleveland, Ohio:) 

The virulent state of those two strains was main- 
tained by quick freezing (acetone-‘dry ice’) a l-ml. 
broth suspension in ampoules and storing in the cold 
at —16° C. For diffusion chamber experiments the 
content of the ampoule was to thaw at room 
temperature and transferred to a tube of Todd-Hewitt 
broth. The resultant 18-hr. culture was then intro- 
duced into the chambers. 

Based upon the results presented above, no satis- 
factory conclusion could be reached as to*the genesis 
of the renal lesions, that is, toxic or immunological, It 
has been suggested by one of us (A. S. M.) that thd 

nephritogenic streptococcus and the glomerulus may 


share an antigenic component in common. Accordingly; 


an extraction procedure was elaborated in an effort to. 


isolate a soluble, aritigenio component from the strepto- 
oocous capable of inducing the formation of nephro- 


i NATURE 


September 24, 1960 vo. 187 


phosphate buffer, pH 8, and trypsinized for.4 hr. at 
37° C. The supernatant, after removal of particulate 
matter by centrifugation and Seitz filtration, was 
treated with an equal volume of ‘Genetron’ (trifluoro- 
trichloroethane) in the manner of Markowitz and 
Henderson’. The aqueous phase of this treatment was 
dialysed against water in the cold for 24 hr. and then 
lyophilized. Rabbits were immunized with 75 mgm. 
of the extract combined with Freund’s adjuvant and 
the serum obtained was assayed for nephrotoxic 
activity in the rat. Serum dosages of 0-01 per gm. 
of body-weight were introduced mto the tail veins of a 
group of 12 rata. Equivalent amounts of control rabbit 
serum (obtained from animals immunized with 
Freund’s adjuvant plus 0-89 per cent sodium chloride 
solution) were likewise introduced into a similar group 
of animals. Fig. 8 represents the most pronounced 
of glomerular lesions obeerved in the experimental 
group killed two weeks after introduction of serum. 
The sparse focal distribution of such glomeruli, in 
contrast to the clearly abnormal numbers of tubular . 
caste (also illustrated m Fig. 3), cannot be over- 
emphasized. The group receiving control rabbit serum 
presented normal renal histology withm the range 
indicated earlier. , 

Using isolated whole rat glomeruli prepared accord- 
ing to Greenspon? as the starting material and the same 
extraction procedure indicated above, 4 material was 





3. Glomerulus showing granular prectpitate in Bowman's 
Pe eck and & tat ts Almere Protina abule. { (xe 305) 
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A new technique for separation of substances of 
different molecular sizes 


Sephadex 


IN GEL FILTRATION 


SEPHADEX is now avail- 
able in three types, for ` 
a multiplicity of applica- ` 
tions, such as: - me 
Desalting of protéin- solu- 
tions ae! 
Fractionation of polymers: ` ` 
Group separation of biolo- — 
gical extracts = ` 


with ; 
| 







Lower limit for complete exclusion: 
Sephadex G - 25 Mw 3,500- 4,500 


Sephadex G - 50 Mw 8,000 - 10,000 
Sephadex G ~ 75 Mw 40,000 - 50,000 
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- - Savory & Moore Ltd., : 

` 60/6x Welbeck Street, London, W.1. 
Inthe USA: ° ` 

~ , Pharmacia Laboratories Inc. 

Sales Office, Box roro, Rochester, Minn. 
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i For complete information, please write for our brochure. 
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obtained which also stimulated production of a nephro- 
toxic antiserum. The assay, which was conducted in a 
group of 12 rata, again revealed that the maximal 
glomerular changes (illustrated in Fig. 4) were of 
modest degree and focal in distribution; many 
glomeruli in the experimental animals could not with 
reliability be distinguished from glomeruli in certain 
control animals, while a clear distinction between 
experimental and control groupe could be made by 
reason of numbers of casts and other tubular dif- 
ferences in the former. AJI three groups of experi- 
mental animals displayed proteinuria greatly in excess 
of control animals. 

Based upon electrophoretic analysis of the extracta 
which indicated heterogeneity and the focal and 
modest character of the glomerular lesions in the 
experimental animals, the necessity for more potent 
antisera directed against further purified, monospecific 
entities is recognized. 
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It would appear from the observations presented m 
this preliminary communication that the diffusion- 
chamber-streptococous imduction of experimental 
glomerulonephritis has probably an immunological 
besis and that common antigen(s) may be shared 


‘between the nephritogenio streptococcus and the rat 


glomerulus. , thare is a clear-cut relation- 
ahip between the virulence and the nephnitogenio 
capacity of our strains. 

This work was supported by the Elizabeth McCormick 
Research Foundation. The senior author wishes to 
express his appreciation to the Boetrd of Commissioners 
of Cook County and to Warden Fred A. Hertwig, Cook 
County Hospital, for their interest and development of 
facilities for basio medical research. 


1 Kelly, D. K. and Wim, J. F., Solemos, 127, 1837 (1058). 

3 Markowits, A. 8., and Henderson, J. R., Nabire, 181, 771 (1088). 

* Grorofpon. 8. A., and Krakower, O. A., Arok. Peth., 49, 201 
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. BEHAVIOUR OF PAPER DURING TENSILE STRAINING 


By A. E. RANGER- and L, F- HOPKINS, : 


Bowater Research and Eevee Co., Led., Research Division, 
Northfleet, Kent 


R many the view has been- widely held 

that the final fracture in the tensile testing of 
paper 18 governed by failure of inter-flbre bonds, and 
‘that very few of the fibres themselves are actually 
‘broken. Recent work by Van den Akkeri, however, 
in which individual fibres in the failure region could 
be observed, has cast doubt an this belief. Of those 
fibres involved in the fracture a high proportion was 
found to be ruptured—as many as 77 per cent in one 
instance. Although Van den Akker is careful to 
pomt out that many of the fibres failed after the 
paper had started to fracture and that such fracture 
could still be initiated by bond failure, he never- 
-theless concludes that: ‘the strength of the 
fibres of a-pepermaking pulp is of much greater 
importance than had hitherto been generally 


A critical analysis of the evidence in favour of 
inter-fibre bond failure as opposed to fibre failure 


<- «had led us, independently, to the same conclusion 


a 


and to attempt to describe the tensile béhaviour 
of paper on a besis of predominance of fibre 
failure. 

. A difficulty arose at the outset when considering 
the morease in optical opacity which oocurs during 
the plastio stage of straming. Although ‘generally 


accepted as E of inter-fibre bonds,. 


this change could be due to the rupture of 
fibres. Experiments esigged to detect such pre- 
fracture damage were carried out, but with negative 
resulta. 

A way was therefore sought of reconciling the two 
bons Seaain di the satin g areal 

TO uring and 

that of the final fraoture-~ being` predominantly 
ii Say aes: 4 


During the oourse of previous experiments it had 
been established that a paper strip undergoing 
longitudinal extension -contracta signi in 
width. _One effept of this is that fibres oriented 
approximately at right angles to the direction of 
tension are subjected to longitudinal compressive 
forces: It is suggested that, because of their slender- 
ne, these fibres will tend to buckle at comparatively 
low-straina, and in so doing will tend to peel apart 
from thoee fibres which are, because of their orienta- 
tion, held in tension. Such a procees can occur at a 
much lower strees-level than rupture by simple 
which is the predominant mode of failure of 
bonds which are ruptured at final fracture of “the 
peper. The complete picture, then, is of the tensile 
strength of the fibres being intermediate between 
two effective band ‘ ’ which differ by virtue 
of thé two distinct modes of rupture. 

This mechanism of bond failure during 
plastic has been invoked to explain the 
a hare When a strip of tracing 
popa haga ge a 
ollowed visually, and it is seen that the opaque 
regions form a reticulate pattern orientated at a 
characteristic angle to the direction of tension. 
-Ranoce", who first directed attention to these strain 
lines, also demonstrated their existence in other 
typæ of paper by a method analogous to the brittle 
lacquer technique in stress analysıs, which incident- 
alty showed that they are regians of high local 
deformation, - 

The failure of a small gro of bands by peeling 
will raise the streas-level in immediate vicinity 
and give rise to a band of local deformation ; but if 
the relativé movement of the two parts of the paper is 
parallel to the direction of tension the deformation 


' 
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will be Imnited, since there will be no tendency for 
further fibre buckling to occur. In addition, a ample 
analysis shows that the deformation band in this 
case would be perpendicular to the direction of 
tension, which contradiote experience. 

However, if the two parta of the strip tend to 
separate by a shear or alip movement along the band 
of deformation itself, these difficulties do not arise. 
Such movement would automatically subject more 
fibres to compressive forces and lead to further bond 
failure by ing. 

An analysis of the situation was made, based on 
this assumption of shear movement, which led to a 
prediction of the angle at which such a band of local 
deformation should occur. An ‘orientation factor’ 
was included in the analysis to facilitate comparison 
with machine-made paper, which is anisotropic with 
respect to fibre orientation. Fig. 2 ahows the predicted 
variation of strain-lme angle with strip direction, the 
angles being defined in Fig. 1. 





Tension 


Orentation of strain hne and machine dhection with 


wi 
7 respect to test strip 


In view of the assumptions made in the mathe- 
matical treatment and the uncertamty involved in 
the degree of fibre orientation m rmachme-made 
paper, the t in the case of tracing paper is 
perhaps not unsatisfactory, especially since in this 
instance it is not possible to verify the complete 
variation of strain-line angle because the’ pattern 
becomes indistinct sa ‘the machine direction is 

roached and the angles can no longer be measured. 
Aowerst, the proposed mechaniam of, formation of 
strain lines, despite ita genesis, does not apply only to 
strong papers, and it was found that very weak 
papers (for example, from an unbeaten pulp) tended 
to fracture along & diagonal lme which was tentatively 
identified as a strain lme. A technique evolved from 
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this observation whereby stripe of strong machine- 
made paper were wetted locally and thus weakened 
excessively and the angle of the fracture was measured. 
By this means the complete variation of ‘strain-line’ 
angle could be investigated, and this result also is 
shown in Fig. 2. 


Btrain-hne angls (a) 





ACHE 
DIRECTION 


0 30 60 00 120 150 180 
Birp directacn (8) 


Fig. 2.. Varmtion of stranime angle with strip orientation. 
A, ttacing paper; .O, wetted Kraft paper (fracture angie)’ 
—, thearetioal curve 


-Wetted strpa also show quite clearly the shear 
movement at fracture and the local morease in 
paper thickness caused by the buckling of fibres 
(Fig. 3). 





Fig. 3 


Shear movement and local increase m thickness with 
wetted paper 


This theory of paper behaviour during tensile 
straining leads to several interesting predictions 
which are being investigated, and it is hoped to 
present a full account of his work in September 
1961 at the Fundamental Research Symposnm 
which is being organized by the Technical 
Section of the Brtish Paper and Board Makers’ 


1 Akker, J A. Van den, Lathrop A. L, Voslken, 3L H., and Deerth,® 
L. Be, 41, 416 (1958). 

* Ran, H. F., “Bomo Recent pments in , al, b 
Harrison, Y. Q. W.. 90 (Untied Trade Proms, Ltd , 1950). 


-reach design 
‘which has oome to be known as ‘pulse-shortening’. 
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LETTERS TO THE EDITORS 


PHYSICS 


Pulse-shortening in Electron Linear 
Accelerators 


Dorma the past few years several electron linear 
accelerators have been in Greet Britain, 
France and the United States to support pulse cur- 
rents im excess of 250 m.amp. for tons of 
1-10 pseo. Many of these machines have failed to 
performance due to a phenomenon 


point in time at which ‘shortening’ oocurs. -. Bey: 
this point, where there is typically a 0-1/0-2 psec. 


pulse 

pot a bode doesnot reach that 
corresponding to zero 

a ER of oumant quoted above cote to P 
onset of pulse-shortening at the S-band (8,000 Mc./s.). 
At least one machine constructed in the United States 
operates on the L-band (1,250 Mc./s.) and is reported 
as exhibiting pulse shortening but at much higher 
pulse currenta (1-2 amp.). ee eee 
Mo./s.) accelerators designed in this 
shown this effect at about 40 m-.amp. 

COTS 


have shown that 
high-energy (low radio-frequency power) end of the 
accelerator Wave-guide, and that the buncher and 
first half of the accelerator are capable of i 


to produce shortening 
in the lest half. It haa been shown also that the 
„current at AT trees shortening occurs is propor- 


ing is a ‘field effect’, we might to moreage 
signifloantly the current obtamable by designing the 
guide to use feedback or more conveniently by the 


pulse-shortening mechanism is a ‘fleld’ effect asso- 


in , ‘not only could the two stations be linked 
. also the station at Kiruna could 


ciated with low values of feld in the normal mode. 
If, however, the ‘oonstant-field’ irene the only 
ee ee higher order 
spurious radio-frequency modes pay be wee responsible, 
as has been, suggested by other wor in this fleld. 
Investigations of the free space wave-length and type 
of such modes with a velocity equal to that of 


light have been, made by K. W. Robinson, Cambridge 
Electron Accelerator Project (private communica- 
tion), and W. Gallagher, Stanford University, 


California (private communication). 
Further work on this problem is being carried out 


director of Vickers Research, Ltd., for permiaion. to 
publish these preliminary resulta of our investiga- 
tions. 


opens on Latitude of the Amplitude 
of the Diurnal Variation of Cosmic Rays 

Tæ solar diurnal variation of cosmic-ray intensity 
is usually assumed to be due to the rotation of the 
Earth in a cloud of particles. The velocity of the 
latter should be randomly distributed with a small 
additional component in one direction, thus oon- 
stituting a kind of particle wind. For various reasons 
it can be assumed that this wind is following the 
Earth, approximately l to ita orbital plane’. 
The yearly mean amplitude of the diurnal variation 
should then have a maximum for primary particles 
haying asymptotic directions approximately 
to ‘the equatorial plane. It should have a mmiftum 
for primaries with asymptotic directions paralleb to 
the Earth’s axis of rotation. For an tal 
study of the relative magnitude of the amplitudes in 
these directions, it ig necessary to record the vari- 
ations of cosmic-ray intensity with inclined counter 
ere oe it is difficult to gain access to 

ions at one and the same point on the 
Earth’s surface. 

From the terrella experiments by Brunberg’, rt was 
found that one of the desired directions could be 
recorded with an inclined counter telescope at 
Uppsala, while the other direction could be recorded 
in the samg way from a station in the Arctic. What 
seemed most , however, was the fact that 
together 
by ‘a second directional telescope in each place, but 
serve as an extra 
lnk”. In A 1957 an“Arctio station was erected 
at Murchison Bay, Spite 

Telescopes with a zenith angle of 30° TEE 


, long. 17-9° E.) and Murchison Bay 
(lat. 80- PN. long. 18- Ee) abbul ome the eae 


1100 -° 


1st harmonic 


gh 





Fig. 1. Harmonie diil for the drurnal mal 
cast-poin counter telescope a 
et oe eee 


and west directiona, those in Kiruna (lat. 67-8°N 
long. 20-4° E.) north and south. The axis of the 


by the 
and w the 
Bay (Wars) i 


gies (Ry a 


ARRESE STE E an Rae of 14° with the 


equatorial plane of the Earth. The aus of a west- 
-pointing at Murchison Bay corresponds to 
primaries an angle of 82° with the equatorial 
plane. The ues are approximate. They were 

derived from the assum tion that the affective npidity 
of the primaries! ia 85 GeV. If instead the effective 
rigidity is assumed to be 85 GeV./c. the values will be 
20° and 80°. Actually, the relation between the 


asymptotic directions, the axis of the counter tele- 
scope, and the rigidity spectrum cannot be calculated 
in a simple way*. However, in the present experiment, 
the of the two asymptotic directions differ in 
any event by such a considerable amount as to make 
the experiment decisive. 

To secure the most reliable results, the harmonic 
analysis has been carried ‘out for the mean daily 
variation during exactly the same days for the 
directions to be compared. Nevertheless, 312 days 
were available for the calendar year 1958. The 

io dial in Fig. 1 suffices to show that the west- 
poisti telescope at Murchison Pay (W iB) does not 
vb an amplitude exceeding the standard error 
whereas the east-pointing telescope at Uppeala (Hy (By) 
has an amplitude which ip large compared to the 
standard error. . 

As regards the north- and so Ta onena eee 
in Kiruna and the east-pointing teleecope in Murchi 
son Bay, the mean asymptotic directions make 
angles of 40-55° with the equatorial plane. The 
amplitudes of these intermediate directions are all 
slightly smaller than that of the asymptotic direction 
approximately to the equatorial plane of the 
Earth (By). The primaries observed by means of the 
west-pointing telescope in Uppsala have totic 
between 50° and 90°. The 
jg one-third of that of the 


ieee nie seen ae aie show that the 
amplitude of the diurnal variation degreases with 
increasing angle. between the asymptotic direction 
of the primaries and the equatorial plane of the 
Earth. The fact that observations in-two directions 
at the same point have given, contradictory results* 
or failed to show any dependence on latitude’ is 
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certainly due to the diffloulty in such cases in resolving 
the radiation cones of the primaries*. 
A full account of the t experiment will be 
pabhahed as soort aa pomible, 
Anns ELD SANDSTROM 


ARTE i d Eso Drame 


Stra LINDGEAN 
Inetiiute of Physica, ; 
University, of Uppeala. June 8. 
i Sandstrom, A. H., Tellus, 8, 18 (1058). 
1 Bronberg, B. i, Tellus, $, 135 (1958) ;- 8, 215 (1058). 
Bandström, A. H, Kosmos, 83, 56 (1055) (in Swedish). 
Brunberg, H. À., and Detiner, A., Tellus, 6, 73 (1054). 
Bronberg, H. Å., Ark. Pye. 14, 105 (1058). 
Biot, H., and Rothwell, P., Phu. Mag., 1, 669 (1080), 
Stenaland, B., Ark. Fye., 11, 253 (1057). 
eg eal? ge ge “"iectromagneize Phenomena 
Physics”, edit. by Leimert, B. (Cambridge, 1056). 
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owee ee 


in Cosmcal 


Fractionation of Nuclear Weapon Debris 


- Epvanson et al.! report evidence for a fractionation 
effect noted in the radioactive analysis of samples of 
nuclear weapons debris collected in filters carried 
by a jet plane flying over central Sweden. Certain 
individual particles selected from the filtera appeared 
to be rich in (xino-90 + niobium-90) radiations and 
impoverished in ruthenium-108 radiations. 

The of this communication is to present 
a somewhat similar finding from an earlier study. 
At the time of one of the nuclear detonations at the 
Pacific Proving Grounds, gummed paper fall-out 
collectors were placed on platforms at various loog- 
tions in the viomity of the Eniwetok atoll. A few 
of these gummed pepers were available for nuclear 
radiation analysis. There was a wide range of indi- 
vidual partiole-sixes, but among the particles were 
some that were large enough about 0-3 mm. 
and 1 mm. diameter) to be picked off the gummed 
peper with tweezers. Eleven such particles were 
removed from two gummed paper collectors, five from 
& paper that had been twelve miles down-wind from 
the point of detonation and six from another paper 
that had been thirteen miles cross-wind, 
into two groupings, ane rich in (sinc-90 + niobium-980) 





et 
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radiations and the other easentially depleted of 
these radiations. Both types of samples were found 
at both stations. Pulse-height analyses, using a 4-in. 
diameter by 4-m. high sodium iodide (thallinm) 
orystal, are shown in Figs. 1 and 2. Both seta of 
resulta were recorded 30 days after the detonation. 
“It will be noted that in the spectrum of the particle 
from which the (xino-80 + niobium-90) radiations at 
750 keV. have been depleted, the 1-6 MeV. gamma- 
ray of lanthanum-140 can be observed; but this 
gamma-ray is not olearly distinguishable in the 
spectrum of the particle enriched with xino-90 + 
niobium-90. A gamma-ray at about 500 keV., 
presumably ruthenium-103, appears in both spectra, 
but in muah relative amounts in the sample 
depleted of zino-90 + niobium-90. 

The assistance of Mr. E. Schuert in supplying the 
gummed paper fall-out oollectors is gratefully 
acknowledged. 

O. Sxanp Coox 
R. L. Marame 
R. F. Jonsson 
F. M. Towmoveo 
U.S. Naval Radiological Defense Laboratory, 
Ban Francisco 24, California. 
1 Edvayon, K, Low, K., and Sisafsky, J., Watwre, UM, 1774 (1050), 


_ Stepwise Ablation and Heat Transfer in 
Cold-Cathode Arcs 


A ‘ooLp-carHopm’ arc is an electric di ina 
gas or $n vacuo with a cathode fall of about 10 VY. 1 and 
a current density at the cathode of 10'—10¢ -j 
sq. cm. 11; the intense light obearved comes from 
cathode vapour but not from the ambient gas, if 
present. The cathode temperature is much too low 
to give the high current density of electrons if 
emitted thermionically * the spot, but was 
thought to be high gay areal aan ee evapor- 
ation; p and spectroscopic temperature 
measurementa showed 2,000—-2,500° K. for many 
metals. 

e If the loas of energy by thermal conduction from 
the spot into a cathode is calculated, it is 
feund to be t to 30-100 volts for currents 


* 1101 


<10 amp.—se range free of spot-splitting; thus 
such arcs could only be maintained by more than 30 V. 
Yet measured minimum arc voltages? suggest a loss of 
heat conduction from the active spot equivalent to a 
few volta. Against this view can be held that such 
low current arcs often last for a few seconds only’. 
Moreover, with ‘selected’ data the calculated con- 
oe ee oe ee eee oe 
may be only ~4 V.; but a moving spot wo 
certainly consume many times that valus’. 

To resolve this a thin layer of low 
thermal conductivity (oxides) at the spot has been 
postulated’. With oxide-free electrodes, however, the 
arc voltage differs little, and so one is led to doubt 
that the measured temperature is that of the cathode 
spot. ear peice dy T epee ag 
much lower’ than 2,000° or so, as found with 


‘mercury; there is the dense cloud of luminous 


metal vapour covering iti. If this were so, the 
existence of thia narrow region of dense vapour above 
the spot—a requirement of the new arc theory*— 
cannot be explained in terms of classical evaporation ; 
hence & new concept of ration must be invoked. 

A similar argument applies to carbon cathodes in 
molecular gases!*, such ares being stable for currents 
down to about 1 amp. at pressure. As 
the gas pressure, is gradually reduced, cathode 
temperature and cathode fall decrease steadily until 
at pressures <100 mm. mercury the thermionic spot 
suddenly changes into a vapour spot, with its ahar- 
acteristic mobility, high current density, emission 
of spectral lines of carbon, intense ablation and 
deposition of carbon on the walls of the vessel (our 
. Agam from this and 
11, one is forced to conclude that 
the conventional evaporation picture is untenable. 

A pointer to a new solution seams to be the large 
energy flux from the gas into the spot maintained by 
unexcited and excited neutral particles, and by ions 
and quanta. Some of these species may ablate the 
cathode by a step-wise process: a lattice stom 
absorbs (and can re-emit) several amall amounts of 
potential energy from incident species, and moves 
from its original site through intermediate positions 
into a final position whioh corresponds to an en: 
close eo ies of the boundary: From this it ultima 
escapes into the gas phase'*. A special case would be 
the’ presence of a single intermediate energy-state, 
anslogous to a strongly adsorbed layer. The 
concept of stepwise ablation thus involves the 
transfer of potential energy, and is therefore very 
different from that of sputtering by fast ions, for 
example, through momentum transfer, or classical 
ee a 

e use of the new model has several cansequences. 

First, a number of species, each of energy leas than the 
evaporation energy à, oan between them release an 
atom from the lattice. Secondly, by introducing 
these intermediate’ energy-states, the flow of heat 
into the metal matrix can be greatly decreased. 

Thus, if n»species each of energy s, fall on the spot 
per cm." and sec., classical theory of coupled oscil- 
lators shows that evaporation p oF occurs at a 
rate : 2a 


fener) (1A) eat xe) 


T being the absolute temperature of the lattice 
determined by hegt input, conduction’ and T8- 
tion, v the ‘frequency of lattice vibrations, and A 
the area". Hence only a small fraction of ns, con- 
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tributes to evaporation, and the larger part to oon- 
duction, etc. However, with a two-stage ablation 
process (¢,, 6, being the energy difference: inter- 
mediate state—vacuum and matrix—intermediate 
state i , and £,, %, the corresponding 
transition probabilities) the energy belance m the 
steady state with (6,+6,) >6,>61, 64 i8: 


= nese, + Ml — tis + H 


where: H is the conduction lows, and (6, + 4.) = 4. 
Terms relating to electron emission, eto.*, have 
been omitted for cl&rity. 

Since £,, Z, have a value between 0 and 1, H is 
clearly smaller than in the absence of an inter- 
mediate state, when z, ors, = 0. A similar argument 
applies when 6, >, as direst 
to be unhkely? ; 
holds. ' 

We conclude that step-wise ablation may explain 
a high rate of vapour production with low loss of 
heat by conduction when fairly slow-moving-excited 
particles or low-energy quanta supply energy to a 
cathode. Moreover, this approach may be of mterest 
to current work on accommodation coefficients and 


when 6,<¢,, 63, clngeioal theory 


bear on the origin of fast-particle streams emanating ` 


from aro electrodes!4,34, 

We wish to thank the Director of the Electrical 
Research Association for the ‘support given to our 
work and fer permission to publish this comino 
tion. 

A. VON ENGEL 
K. W. ÀBROLD 
The Clarendon Laboratory, 
May 7. 
‘von Hogel, A., “Ionised Gases” (Clarendon Press, Oxford, 1055). 
ome TD. and Galaghar, O Te Pipe: Ben. H JEM (bas), 
A, oe és 
ve Bop amd Steenheck, “Miektrischs Gasentladungen”’, 


LJ 
Berlin, 1034-84). 
“Qobine, J. D., and Burger „A 2. Pn. eae yan ene 


Paste a ae Dea E a: a0 Cees: 

, and Robson, A. B., Proc. Roy. Soc., A, B48, 217 (1057), 
» Naturwiss., $3, 305 (1035). 

1° Bealtger, R., and Sohmick, E., Phys. £., 28, 005 (1027). 

n Looe, J. 8., Proc. U.N. Geneva Oonferense (1958). 

= O., and Stranski, I. N., ‘ in Metal Ph ” 181 
“Hh, ee 


7 wv Pris aw Son, BL aro 030). 


G. L, and Wiman, 
ari tnt tee Cote ET ARANA oe ase 
Clarendon Press, ed, 1883), 


u Lochte-Hol W., Proo. Conf. Ionization Phenomena, Uppeale 
(North-H Co., 1959). 
ASTRONOMY.. 


Origin of the Solar “Sytem 
In a recent communication’, Dr. M. M. Woolfson 
has outlined a model to account for the origin of the 
solar system. In common with many earlier hypo-, 
theses", he postulates an interaction between the 
primitive Sun and a second star. By gravitational 
interactions he proposes that the Sun lost a large 
amount of sirface matter by the- n ard of 
tidal bulges: This matter is envisaged*to have been 
lost in a series of isolated events ‘and the resulting 
separate sections gave.rise to a planet. 
While there. can be no t that this model 
accounts for many of the observed regularities of the 
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solar system, there seem to be other features that are 
not explained. The latter appear incompatible with 
any catastrophic account of planetary origins. 
First, there are the known properties of meteorites, 
which indicate that the early history of the solar 
system was most complex and that the present planete 
are second—or possibly third—generation structures 
that were preceded by objecta of approximately 


_ planetary dimensions that have broken up. 


Secondly, the densities of the planets (Table 1} 
indicate considerable fractionation of the chemical. 
materials from which the former arose. On catastro- 
phic hypotheses, it is difficult to see how such fraction- 
ation oduld have occurred as each planet is postulated 
to have arisen from the same material—the solar 


7 Table 1 
Planet Somi-major axis Mean densi 
m.) (0.0.5. unite 
Meroury 0-387 5-05 
Venus 0 723 4-87 
Barth 1-000 5 52 
We ii 
Aa saa 9 5338 0-71 
Uranus 19-190 126 
Neptme 80-070 1-61 
Pluto . 30-518 2(?) 


Thirdly, the comets are part of the solar system and 
are not derived from interstellar material. Conse- 
anil a satisfactory account of the origins of 
planets must also be able to account for the origins 
of comete—unleas it be assumed that comets are 
secondary features of the solar system that arose 
late in ita history. Hypotheses postulating an 
evolution of the solar system from ao golar nebula 
appear to be able to account for the origins of comets. 
with the minimum of ad hoo axioms. 

Other arguments that can be levelled at catastrophic 
hypotheses such as that outlined by Woolfson concern. 
the improbability of foraibly ejected solar material 
condensing into solid planets, and the probable 
frequency of occurrence of solar systems in the Galaxy. 

Material drawn from the Bun must be for long 
periods well within the Roche limit, and rapid dissipa- 
tion by the action of gravitational forces would be 
predicted. Moreover, as Spitrert has pointed out, 
the material would be i y at very high tempera- 
ee ae 

ee aud become dissipated. Oonse- 
antiy ə prime requirement of any new catastro- 
phio hypothesis must be & satisfactory explanation of 
how the ejected solar material could forme into 
planets. 7 

TE the solar system had a ostastroghio origin by e ` 
close interaction of two stars, then planetary systems 
must be very rare m the universe. In fact, the chanoes 
are that only the Sun and the star with whioh it % 
interacted posees planeta. Yet there is a growing 
body of evidence for the existence of extre-solar 
planetary systems, and there can be no doubt that 
many nearby stars are acoompanied by dark bodies of 
approximately planetary size’. Thus, unleas it be 

that the solar system arose by one improb- 
able mechanism while othereplanetary systems arose . 
by other means, the *catastrophic hypothesis is 
rendered. very unlikely. 

It would seem hae the most that an interstellar 
interaction could have achieved is the produotion 
of a sola» nebula from which the planets could have, 
evolved ; but the bulk of available evidence is against 
this view, as other more likely mechanisms have been 


- 


d 
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‘to account for the origin of a nebula fram 
whioh planeta could have been formed‘. 


` > M. H. Bergas 
Department of Chemistry, `, `. 
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METEOROLOGY 


Change of the Chlorine : Sodium Ratio 
in the Atmosphere with Altitude and 
Distance from the Source of Sodium 
Chloride, and the Distribution of 
Atmospheric Nitrate over the United 
States 
Tua change of the chlorine : sodium ratio in ram- 
water with inland distance from seas is a well-known 
phenomenon. The tal evidence available 
has lately been discussed by Eriksason!, while further 
data on an almost continental scale have been 
supplied by Junge and Werby*. The latter measure- 
ments were recently used by Papée and Smith for 
an evaluation of trends between components of rain- 
water and physical variables’. From those computa- 
tions, an indication of a decrease in the ratio between 
chlorine and sodium with the altitude of the sampling 
stations became available, and it was pointed out 
recently to one of us that a semi-empirical evaluation 
of the phenomenon might be of interest to workers 
in mountainous countries. In view of the eles 


of the process in atmospheric in general, 
and especially because of the le role of activated 
sodium chloride as nuclei of atmospheric precipita- 


tion+,’, a further study of Junge’s data with particular 
emphasis on this problem was made. Prior to a 
broader evaluation of the problem and to a laboratory 
- study°of the phenomena involved, some results ob- 
tained are rted in this communication. ` .. 

© (1) The : Sodium Ratio. It is well known 
from observations by Rossby and Eignér* that north- 
ern air masses carry aerosols of a low chlorine : sodium 
ratio. Examination of Junge’s data shows, however, 
that this phenomenon which might result in a cblor- 
ine : sodium — latitude correlation is smaller in the 
United States than a strong altitude effect, although 
it shows in the concentration of nitrate in rain-water 
(see later). The effect of altitude can be tentatively 
explained by obeerving* that the intensity of such 
radiochemical phenomena as may alter sodium 
chloride aerosols varies nearly exponentially with 
height’. If one sasumes that the average yearly 
horizontal speed of the particle carried by winds 
e does not change considerably from station to station 
(and therefore that the time which the particle needs 
to be carried from the shore or an inland salt source 
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to the station, is proportional to the 
distance) the change of chlorine in the air may be 
expreased as : 


. dC = —k Ol (exp Bh) de (1) 


where s is the distance fram the source of particles 
to the station and A stands for the altitude of the 
route. s is calculated here from a map and along 
lines of peth straight and orthogonal to Junge’s 
sodium isolines, while both the effectrve altitude of 
station (A) and the average altitude of ground-level 
travel over paths (4) are used for the height para- 
meter. Values of (h) are obtained from the map by 
planmetry of the path. Annual concentrations in 
gram equivalents x 10* x 1].-1, miles and feet, are 
used for the chemical species, s and A, respectively. 
‘At the shore or salt-flat point of origin of the 
particles, 8 = 0; and Cl =a Na, with a obtained 
directly from ref. 2. Integration of (1) leads to: 


logs J— $ logs (2 Na)} = loge + BA 


Tt oan be seen that (1) depends on the ratio of oom- 


(1) 


‘ponents alone and not on their individual oonoentra- 


tions; constants § and k can be obtained by least 
squares and we find: 


B = (npg £0-9) 10-4; k = (1-4, 40-2) 10> 


It is evident that the true distance an air mass 
follows may differ substantially from our caloulated 
values of s and that ‘individual average speeds’ will 
probably differ. While therefore a relatively large 
standard deviation of the chlorine : sodium function 
discussed above (S.D. m= 0-22 unit) may well be 
understood, it appears to be of interest that better 
consistency is found when 8 is completely 
elimimated from the scheme. If altitude alone is 
assumed to govern the process, then: 


dCl.= —k Ol (exp KA) d h (2) 


which, following a procedure similar to the one 
previously described, integrates to: 


loge ($ ia) 


When the exponential term in this equation is 8x- 
panded in series (stopping at one 3rd term) and 
substituted, (2’) becomes linear in 


- 0- (pkh) 


Constants k and’ can thus be obtained by linear 
regression; ‘Table 1 gives the resulta obtained 
together with. standard deviations of the functions 


computed. *,” 


Table 1. ra Hquation oF UUA oT veo 
Hievation ` ¥ 8.D. of eblorine : 
sodium — f(k) 
a (744g £0°8) 10+ (+3 "a 1) 3 10-7 0-156 
A. (8 me £0-7) 104, ~- (—3; “ane t1) 10+ O 144 


e 
Tho expresion $ Ol in plotted against in ig. I. 
Since suitable corrections for other factors (such as 
potassium, latitude, sto:) which might have had an 
influence on the phenomenon investigated failed to 





Normalized ratio of gm. equiv.’ 
o 
o 
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improve the correlation, and since furthermore 
equations of type (2) appear to represent the process 
better than those of type (1) or other patterns oon- 
sidered, it may be thought that in the circumstances 

and in view of the large overland distances 
involved, the transformation of the sodium chloride 
Seren gh sus) not oniy be ele Dt bar Rao a 
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species by the chloride test to occur. The oxidized 
species, after having travelled down-slope, would 
afterwards be reduced by such aimospheric agents 
as may prevail at lower heights. An imdication of 
the possibility of such a process may be obtained 
from the analysis of oorrelatien coefficients between 
chemical and altitude over the United States. 
While in an increasing trend of calcium with A 
is indicated, and sulphate correlates with calcium, 
an increasing trend between sulphate and chlorine 
is suggested although both species have negative 
correlation coefficients with altitude. Second correla- 
tion coefficients of sulphate over calcium and chlorine 
(ra = 0-770) and of chlorine over sulphate and A 
(Ta = 0-483) are both larger than absolute values of 
the individual companents. We believe that this 
may be due in part to the oxidation of atmospheric 
hydrogen sulphide to free sulphuric acid aerosol, by 
products of oxidation of chlorine. 

(2) Nitrate. While at higher altitudes nitrate 
appears almost to be the complement of ‘escaped’ 
chlorine, a slight excess of the species over sodium and 
even over sodium + potassium oan be detected at low 
levels. Plots of nitrate versus latitude for eastern 
United States are given in Fig. 2; signifloantly a 
positive correlation ia obtained. The correlation 
coefficients decrease with altitude and eastward until 
quite low values for iso-altitudes in the Rocky 
Mountains are reached. It 1s possible that the cause 
of this is to be sought in patterns of atmospheric 
circulation and in such chemical processes as may 
be associated with phenomena dependent on geo- 
graphical or perhape, rather, geomagnetic co-ordin- 
ates. 


We are indebted to Prof. V. Caglioti for his 
encouragement and help and to Prof. G. Fea for his 
interest in the problems described. Stimulating 
discussions with Dr. O. Vittori and Prof. D. Fedele 
are gratefully acknowledged. 
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METALLURGY 


A Symmetrical Fourfold Helical 
Fracture in Titanium Oxide 
Dunna the course of, , oxpbrimente on hot presaing 
powders of various hard, refractory materials, an 
interesting and _ apparently inexplicable Eraotare 


form of the fracture œ shown in Fig. 1. 
of four Relices projecting as shallow cones. Thee 
specimen had also broken into four practically equal 
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Fy 1. Bractared smfacs of titanium oxide. (x 5) 

The fracture arose during an attempt to separate 
the specimen from the cemented carbide 
plunger with which it had been preased and to which 
it waa . Fracture took place almost entirely 
through the oxide, a layer of which, 0-5-1 mm. thick, 
remained adhering to the plunger. The second series 
of fractures, which is dicular to the plane of 
the paper, ware no in appearance. They can be 
seen in the form of an X witb the arms at right 


On closer exammation of the four helices it can be 
seen that the tip consists of a very small circle of 
carbide from the plunger. The helices are of almost 
identical form and size. Starting at a peak it can be 
seen that three of the helices are in a clockwise 
direction ; the direction of the fourth is indeterm- 
inable. In Fig. 2 one of the helices is shown at a 
higher magnification. 

The specimen was preased from 98 5 per cent 

purity titanium dioxide of average icle size 
0-24 in a camented tungsten carbide die (‘Ardoloy 
S3’) with a plunger of similar material. A pressure 
of 10 tons/sq. in. applied for 15 min. at 900° C. was 
used to produce a specimen 4 in. in diameter approxi- 

¢ in. thick. To avoid difficulty in extraction 
„from aoold die, the specimen was ejected while at the 





Fig. 3. Spiral fracture. (x 15) 


* 1106 


pressing temperature mto a veel con fine 
alummium onde powder heated to 600°C. This 
could then be slowly cooled to prevent cracking the 
specimen through thermal shock. 

Explanations could possibly be offered to account 
for the form of fracture shown by the individual 
segments. The mystifying feature in this case 1s that 
such a peculiar form of fracture should occur in a 
fourfold manner with such a high degree of exactness 
and symmetry. 

The plunger and specimen had been separated by a 
bending action, the point of pivot keing at A (Fig. 1) 
and the point of maximum tension at B, that is, in 
the direction of one of the vertical fractures. The face 
of the plunger had onginally — ground but had 
become a mat surface 

Tho helical fractures had most likely started at the 
tip where the carbide adhered. It is possible that this 
was due to diffusion of material (most likely cobalt) 
from the plunger into the oxide, since the tips of the 
cones were also alightly discoloured beneath the level 
of the adhermg carbide. There was no apparent 
reason, however, for the diffusion to be more pro- 
minent in these four symmetrically spots. 
Internal stresses arising through the rate of cooling 
and the dissimilar contraction coefficients of the 
plunger and oxide would no doubt be present apart 
from the ing streages, but again could not 
account for the fourfold symmetry. 


J. 8. Jackson 


Research Laboratory, 
Associated Electrical Industries (Rugby), Ltd 


Rugby, 
Warwickshire. 


Mode of Action of Soluble Matrix 
Antifouling Compositions 


It has been demonstrated by Barnes! that the 
copper leaching-rates of antifoulmg ocompositians, 
based on the same soluble matrix, are proportional 
to the cuprous oxide content if the total matrix 
content remains constant. 

Work being carried out im this laboratory has 
shown. that the relationship is only correct when éhe 
antifouling compositions are stored in almost static aga 
water between leaching-rate determinations. Lf the sea 
water used for storage is agitated, then the leaching- 
rates of the compositions decrease with increasing 
agitation until they reach a constant minimum which 
is independent of the cuprous oxide content. 

A possible explanation of these results is that under 
static conditions of storage the dissolution of copper 
is confined to-.particles of cuprous oxide partially 
embedded in the surface of the matrix; these 
particles produce a concentrated surface layer of 
copper ions which prevents any diffusion of copper 
Jons from the matrix. Agitation reduces the ionic 
concentration of copper in the surface layer and 
also may remove all the particles of cuprous oxide 
exposed at the surface. 

Under such conditions the leaching is due entirely 
to the diffusion of copper ions through and from the 
whole of the durface PP the matrix (apart from areas 
occupied by fillers): it is independent of the cuprous 
oxide content and the rate depends mainly on the 
rate of reaction of the matrix. agitation has 
little or no effect on the leaching-rate provided the 
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compositions are suitably pigmented to reduce 
mechanical erosion to a minmum. By increasing the 
temperature of the agitated sea water it has been 
shown that it is poamble to increase the rate of 
solution of the matmx until ıt exceeds the rate of 
diffusion of the cop ions. 

Under these conditions the leachmg-rates again 
become proportional to the cuprous oxide contenta 

These observations are considered to have an 
important bearing on the study of the performanoes 
of antifouling compositions on ships under way and 
in dook. 


A. PaRTINGTON 


Research Laboratory, 
Research Organization of Ships’ Conipeaitions 
Manufacturers, Ltd., 
New Quay Road, 
Hamworthy, 
Poole. 
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CHEMICAL ENGINEERING 


Control of Reaction Rate in Dust 
Flames 


Evz since Nusselt! introduced the boundary layer 
concept, about forty years ago, for caloulating rates 
of heat and mass tranafer to a spherical particle, it 
has been universally accepted (without proof) by 
subsequent theoretical work (see ref. 2) that the 
reaction-rate of particles in a dust flame is determined 
by the rate of supply of oxygen through a diffusional 
boundary layer surrounding the particles. That this 
might not in fact be so was first suggested’ about 
five years ago, the alternative proposition being that 
the rate control was chemi not physical; the 
source of the implied error is attributed to the mis- 
interpretation of reaction data in terms of diffusion 
instead of chemisorption which, according to 
Brunauert, has been a common mistake in the past. 
Support for the alternative hypothesis, however, has 
now been provided by analysis of experimental results 
obtained recently from an anthracite flame. 

‘The experimental furnace or reactor has been 
degoribed i in outlme elsewhere’ ; the flame generated. 
by* it may be regarded as a vertical cylmder, 18 in. 
in diameter and 15 ft. high, in which the particles 
travel paraxially downwards. The residual coke, 
mainly carbon formed by expulsion of volatiles, is 
brought up to temperature by burning these volatiles 
m primary air; the reaction we are chiefly interested 
in 18 then initiated by the ‘instantaneous’ troduction 
of secondary air at an appropriate point, and the 
subsequent reaction is followed down the furnace by 
solid sampling. Since anthracite is non-caking, com- 
plications from swelling are eliminated. 

For theoretical analysis the material is assumed 
to be pure carbon. On the respective Hypotheses of 
` physical (diffusional) and chemical reaction control, 
the equations for specific reaction-rate (R,) may be 
written respectively : 


R, = bpi; R = ke » (1a,b) 


where d is the particle diameter ; and the factors kp 
and k, are both proportional to the concentration of 
the main stream of oxygen‘, and are both known 
functions of temperature (T). kp contains the dif- 
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fusion coefficient and therefore follows a T"! law; 
and k, contams the Arrhenius factor, exp(—H/RT). 
In the past, it has bean assumed that ke has a much 
greater temperature coefficient than bas kp. The 
source of this possible error was the wrong choice of 
value for F, the value of 40,000 cal. generally used 
bemg that for the decomposition of the adsorbed 
oxide film”. This decomposition process, however, 
only controls the reaction at low temperatures (less 
than 1,000°C.). At flame temperatures (greater than 
1,000° O.) the rate of chemisorption becomes im- 
portant, and uf the assigned’,*,* value of the activa- 
tion energy for thid, namely, 4,000 oal., is valid, then 
k, also approxmmates closely to a T° lew. 
Appropriste integration of equations (1) for a 
single particle m an infinite atmosphere gives the 
burn-out time (tə) as a function of initial diameter 
(d,); respectively, we get : 
te = Kpd,*; t = Ked, (2a,b) 
where the burning constanta Kp and K. may be 
calculated from diffusion theory and kinetic theory 
respectively ; ther values are found to be of the 
order of 1,000 and unity. The validity of equation 
(2a), both with respect to the square law and to the 
value of the constant, has now been confirmed by 
experimenta’ on captive coal particles suspended in 
@ radiation and low-mtensity convection field, the 
particle sixes ranging from 300 microns to 4 mm. 
In flames, however, a limited air supply increases 
the burning times. Following Nusselt! and others’, 
the multiplying factors (Fp and Fe) for the two cases 
have been shown™ to be calculable functions of 
exoees air alone. These various functions have been 
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calculated™, and Fig. 1 shows the burning times pre- 
dicted fram the two theories for a carbon dust flame 
at 1,500° 0. at three levels of excess air: 10 per 
cent, 100 per cent and infinity (single particle). From 
this it is clear that, if the assumptions made are 
valid, we have two regimes as follows: (1) the 
‘captive particle’ range of 100 microns to 1 œm. 


Soe Ot eae Se) Page ol: -100 microns, 

inside which, in real flames (leas than 100 per cent 

grees apa peg oaao S canes Sahorws 

The existence of the first regime in weak convection 

fields is now established ; its continued existence in 

strong convection fields is at present under experi- 
tal RTE A . 


starting equa- 
tions used wore in effeot (1a) and (1), but integrated 
to ict the time required to burn to varying 
degreea, of combustion, the effect of 


‘distribution of particle size being allowed for in this. 


The results of these calculations are shown in Fig. 2. 


‘In this, fractional mass concentration has been 


plotted against time for (i) diffusional control (dotted 
line), and (H) ahemioal control (fall line); the final 
fit was adjusted by means of a somewhat arbitrary 
constant the value of which is difficult to calculate 
from absolute theary, (ie ito ok e ed 
are determined by the diametér function which is 


attention than has been 


deserves much 
accorded to it in the past, 
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OCEANOGRAPHY 


Alleged Occurrence of the Perchlorate 
Ion In Sea-Water 


Ix a recent communication, Baas Becking, Haldane 
and Izard! claimed to have found up to 100 p.p.m. of 
te in sea and ocean waters, and between 

100 and 1,000 p.p.m in estuarine and inshore waters. 
ee 
from chloride m the water by oxidation, and that the 
formation of perchlorate in this manner will reduce 
the chlormity of the water to the extent of up to 


amount of perchlorate is .determined measuring 
the optical density of the disk at 9-12. The method 
ind Haas socion of waetatien’of ab orate ion 
and has a coefficient of variation of 


samples 
from 25 stations in the Arctic Ocean, North Atlantio, 
English Channel, Mediterranean, Indian Ooean, Red 
See and Persfan Gulf. In no case have we been able 
to detect any trace of perchlorate. These negative 
results are confirmed by the observations of 
Klemperer? that the addition of as little as 0-05 p.p.m. 

uptake 


many other ions, and chloride, 


and to the 
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CHEMISTRY 


Covalent Super-Exchange in Solld State 
Physics 
Maanerio coupling of next-to-nearest neighbours 
through a non-magnetic anion (super-exchange) has 
been explained by Anderson! by considering ‘excited 
states’ in which a single electron in a p-orbital of the 
anion is transferred to one of the neighbouring 
cations. Goodenough and Loeb! have emphasized 
correctly that such interactions are essentially 
covalent and have given the name ‘semi-covalence’ 
to Anderson’s one-electron transfer. As streesed by 
Goodenough and Loeb, the increase in Curie or Néel 
in series such as MnO-Fe0-0o0-Ni0, 
or MnO-Mn8-MnS8e-MnTe, is evidence for the part 
played by covalence in magnetic coupling. 
Anderson’s theory leads to the prediction that 


There are many exceptions to this rale, as 
shown in Table 1. 


Tablo 1. FMRROMAGWETIO AND AWTIFEKROMASHBTIO COMPOURDS OF 
TEREN oe we 


É. Mn 
MO A(8 A A(10 
M.O, A(8) A A(8h) ALO 
MO, A(8t) 9 Fiet. 
M8 A A 


Ou 
ano ado dto A 





we A(10) A(10) A(10) .A(10) 
EEO AD a 
Pi A(8) FO 
mg 
A, Antife ‘ A 
i ; F, ferromagnetic; (a), number of electrons 


* Only electrons in Af-8 bonds counted. 


Numbers in parentheses in Table 1 refer to the 
number of electrons participating in covalent bonding; 
that is, the number of electrons in molecular orbitals 

an anion. Inspection of these numbers 
tends to occur 


To determine the number n, one must first consider 
the effect of orystal-field splitting on the 3d-levels 
of the paramagnetic cation. Let n’ be the number of 
electrons in the upper level (for example, 2 for 
manganese ions, 1 for chromium ions (Cr*), in an 
octahedral field). If p is the co-ordination number of 


the cation and q that of the anion, n = n2 +n’, 


where n’ is the number of valence electrons of the 
anion. It makes no difference whether n” includes 
s-electrons or not, aa the number of s-electrons is 
even. Thus for manganese sulphide, p == g = 6, 
n = 3, n” = 8 (or 6), n = 10 (or 8) and is even. 
In chromium sulphide (Cr8), n = 1, n = 9 (or 7) 
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and is odd. Eixpreased in a different manner, n’ is 
the number of 8d-electrons of the cation 

in the formation of hybrid orbitals, the nature of the 
latter being deduced from the symmetry of the 
anionic arrangement around a cation (for example, 
d'ap’ in octahedral manganese sulphide, d'p’ in the 
distorted trigonal antiprism of a-Fe,0,). 

Altho no rigorous treatment can be carried 
le argument may suggest 
why the sign of super-ex interaction depends 
on whether n is even or odd. Consider manganese 
sulphide, in which both cation and anion are in 
octahedral co-ordination. Both can use d'ap 
hybrid orbitals, and six bonding and six anti i 
molecular orbitals can be formed around each sulphur. 
These orbitals contain 10 electrons, and so with respect 
to a fully covalent structure the compound is deficient 
in electrons. Four molecular orbitals will carry two 
electrons each ; charge correlation requires that the 
two ining electrons be as far apart as possible, 
that is, 180°. These will go into molecular orbitals 
on opposite sides of the anion, thus accounting for 
the large angle characteristic of super-exchange. 
These two molecular orbitals are not fully orthogonal 
because of overlap of the orbitals of the cation on 
either aide of the central anfon, and they may thus 
be considered to form two orthogonal three-centred 
orbitals of slightly different energies. The ground- 
state will be such that the two electrons in the bridge 
occupy the lowest of the 8-centre orbitals with spins 
antiparallel; these electrons in turn interact with the 
remaining tay electrons on the adjacent cations (as 
tmpHed in fonic-covalent resonance), which will be 
coupled onl, ictal The single electron 
in the 8-centre orbital of chromium sulphide must lead 
to a coupling. 

A similar can be carried out for other 
substanves listed in Table | 1. More complicated oxidea 
(for example, ferrites) present an additional problem 
in that n is commonly not an integer (9-75 in Fe,0,). 
For fractional numbers between 9 and 10, one may 
hesitate to predict the sign of super-exchange ; 
pomlbly in such cases a smal amount of direct 

between next neighbours is the d 
factor. For example, chromium oxide (Or,0,) is 
antiferromagnetic although it might be expected to 
be ferromagnetic (n = 8}). Neutron diffraction 
reveals ferromagnetic coupling between cations at 
large distances and at large Cr-O-Or angles; only 
interactions at shorter distances and through smaller 
angles (hence presumably not super-exchangs) are 
anttiferromagnetio. 
structure (vanadium, chromium, manganese dioxides), 
further complications arise from the possibility of 
extensive -interaction between oxygen p 
oxygen is in trigonal planar hybridization) and metal 
yy orbitals. It is worth n that the present 
ta predict that a solid solution of vanadium 
da VO) and manganese dioxide in the ratio 1:1 
would have the same electron number as ferromag- 
netic chromium oxide, and should accordingly also 
be ferromagnetie, although the two end-members are 
both antiferromagnetic. e 
e 


W. 8. Fyre 
J. VERHOOGHN 
Geology Department, 
University of California, 
Berkeley, California. . 


1 Andemon, P. W., Phys. Ree., 79, 360 (1950). 
* Goodenough, J. B., and Loob, à. L., Phys. Res., 98, 301 (1085). 
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Atomic Absorption 
Determination of 
lal is 


Raamt work reported by Menzies: and Robinson’ 
has suggested that Atomic absorption flame methods*‘ 
are not applicable to the determination of molyb- 
denum and that the limit of strontium determination 

lies between 2 and 10 p.p.m. in solution. 

Using a 10-cm. air-acetylene burner, a scale 
expansion device (suggested by Dr. J. B. Willis) and g 
modulated single-beam system’, it has been found that 
the limita of estimation of molybdenum and strontium 
in solutions free from imterfering ions are about 
0-5 and 0:05 p.p.m. respectively. Molybdenum 
3183 Å. (arsy È) was the strongest in absorption 
of the nine absorbing molybdenum fines found. 
Strontium measurements were carried out on stron- 
tium 4607 å. The gain in sensitivity for strontium 
over those previously reported is a direct result of 
stability of hollow cathode emission, the use of a 
long burner and the use of an scale on. the 
measuring unit reading 0-20 per cent absorption 
over full scale. The determination of molybdenum 
was achieved by adjustment of the air and acetylene 
preasures to give reducing conditions in the flame and 
paseage of the beam from the hollow cathode dis- 
charge tube through the flame at a point just above 
the cone of unburnt gases. 

The concentration of free ground-state atoms of 
molybdenum in the flame was found to be critically 
dependent on the proportions of ar and acetylene. 
No perceptible absorption resulted from spraying 
@ 50 p.p.m. molybdenum (ammonium molybdate) 
solution into an air-rich flame, whereas adjustment 
of the proportion of air to acetylene to give a flame 
in which yellowing due to incandescent carbon 
particles was just visible at the base gave an absorp- 
tion of 85 per cant. Provided that the beam from the 
hollow cathode tube was confined to the lowest 
possible level in the flame, no great gain in sensitivity 
resulted from the use of a highly luminous flame. 
Deepite this dependence on reducing conditions, the 
presence of an oxidizing agent in the sample solution 
did not cause serious ag eae of ee i 

Ə 


a S 
um.and 


analysis due to loes of sensitivity. 
resulta in column 5 of Table 1 were obtained by 
the ‘addition’ method. This procedure has 


Oonoenirations of molybdenum in samples of molybienteed 
to (pominaiy i ox. imalybdanum. trioxide per ewi) 

from atom» absorption analysis 
Against standarda in watar, in 0-ah N alrlo aid and iho ‘addtizon’ 

















wers carried ue 
Te ernie vao oan o acid walaons prepared 
àpparsħi molyb- 
denum concentration | Molybdenum 
Weighs | ognoentration 
(gm) He wajer in nitzle aah 
(per +) acid {per oant) 
(per cent) 
Suaperphosphate | 
8-42 0-0817 0 0855 9-0575 
100 0 -0368 0 13 0 -0656 
; 10-0 0 0866 00418 00-0526 
Stainless steel 2-080 0-150 0-179 0-266 
2-038 0-171 0-108 0-278 
Zi zu 
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been used in arc emission determination,’ of trace 
elements in samples of widely variable major elament 
composition. -- However, poor precision and uncer- 
anty rehning linsasiiy of tha relatiansiiin between 
emitted intensity and concentration impairs its value 
m aro analysis. Provided the equation of a non-linear 
curve is known, the use of the addition method is 
possible, but tedious. 

By taking three equal aliquots of a sample solution, 
adding equal volumes of water to one and solutions 
containing known concentrations of the analysis 
element to the other two, then gnalysing all three 
using the apparatus described, it was found that the 
relationship between percentage absorption and oon- 
centration was linear up to about 15 per cent absorp- 
tion. This test has been carried out for molybdenum 
in the samples cited m Table 1, for strontium in 
ammonium chloride extracts of soils and in nitric~ 
percbloric-sulphuric acid digesta of plant material 
and for caleiam im solutions for microbiological 
culture. 

The dition method was found emsential to the 
analysis of plants for strontium because measurements 
on synthetically prepared solutions indicated’ that the 
interferences would be so difficult to control that the 
results of analysis against orthodox standards would 
be unreliable. Advantage may be gained from the 
general application of the addition method to atomic 
absorption analysis because, in using it, both sample 
and ‘standard’ are measured under exactly the same 
conditions of viscosity, surface tension and chemical 
interference and because modulated atomic absorption 
apparatus cannot measure anything but atoms of the 
analysis element in the flame. 

Although insufficient sensitivity has been attained, 
as yet, in the direct atomio absorption analysis of 
solutions from plants and soils for molybdenum, the 
resulta in Table 1 indicate that advantages can be 
gained from its application to such analytical flelds 
as those of the fertilizer and metallurgical industries. 
The specificity of the atomic absorption method 
employing a modulated system for measurement of 
the element sought gives it obvious advantages over 
flame emission methods in the analysis of soils, planta, 
bones and the like for natural strontium in ‘fall-out’ 
studies. 

The results for molybdenum suggest the possihjlity 
of using reducing flame odnditions to make poesible 
atomic absorption analysts for other elamenta. They 
also that further gains in sensitivity may 
result not only from designmg burners to give high- 
temperature flames, but alao from d them 
to produce highly reducing conditions in the 
flame. 


The apparatus used and the results of these and 
further investigations will be described in detail 
elsewhere. 


D. J. Davip 
Division of Plant Industry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Oanberra. 


1 Menzies, A. O., Anal. Chem., 88, 908 (1060). * 


-* Robinson, J. We, Anal. Chem., 38, No. 8, 174 (1980). 


* Walsh, A., Spectrookim, Acia, 7, 108 (1955). 

eer scant Shelton, J. P., ma Wahh, A; Spectroakin. Acts, &, 
* Box, G. F., and Walsh, A, Spectroskim, Acis, 18, 255 (1000). 

* Gertel, A. O., Axa. J. App. So, 1, 250 (1950). 

7 Foster, J. 5., and Horton, O. À., Prec, Rey. Ses., B, 183, 422 (1987). 
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Determination of Nickel and Cobalt by 
Atomic Absorption 

Ix the atomic absorption method of analysis, first 
described by Walsh}, the solution to be analysed is 
spra; into a flame, and with a hollow-oethods lamp 
which emita the line spectrum of the element being 
determined as the light source, the absorption of 
light by stoms of the elament is measured at 4& 
characteristic wave-length. 

To realize the full potentialities of the method, it is 
obviously important that the strongest absorption 
line be used. As*at the temperature of commonly 
used flames all but a amall proportion of the atoms 
are in the ground-state, only lines due to absorption 
by unexcited atoms need be considered, and of these 
lines ib is usually assumed that the strongest abeorp- 
tion line will correspond to the strongest emiamon 
line. I have pointed out that while this is so in the 
simple spectra of the elements in Groupe I and II, 
ib is not necessarily the case in the more complex 
spectra of the heavier elements, and that as escillator 
strengths for the various lines of these elements are 

not known, it is necessary to determine 
experimentally which line is the strongest in abeorp- 
tion’. Resulta were given for manganese and iron, 
showing that for these elaments the strongest absorp- 
tion lines were at 2704-8 A. and 2488-3 A. respec- 
tively. 

The spectra of nickel and oobalt have now been 
investigated by the methods described previously. 
It has found that the strongest ion line 
for nickel is at 2320-0 À. (a*¥,—y*@",), the absorp- 
tion at this wave-length being about fifteen times 
that at 8415 À., the wave-length of the strangest 
emission Ime. For cobalt, the absorption 
Ime is at 2407-2 A. (a4F,4—2*@°, 
about fifty times as sensitive 
strongest emission le at 3527 

When. theee lines are used, the atomic absorption 
method can usefully be applied to the determination 
of nickel and cobalt, the sensitivity obtained being 
about the same as that already reported for iron. 

I thank Mr. O. E. Clinton for hie aasistance with 
this work, full details of which will be reported 
elsewhere. 


° i J. E. 


* Rukubia Soil Research Station, 
Private Bag, Hamilton, New Zealand. 


1 Walsh, A. Gpectroskiewdcoa dota, 7, 108 (1055). 
‘allan, J, D., Specirookimion Acis, 15, 800 (1050). 
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Steric Factors affecting the Specificity of 
Polyglycosidases 

THe marked substrate specificity exhibited by 
enzymes has been related to a steric affinity between 
the molecule attacked and the attacking enzyme!. 
According to this concept, proper orientation of the 
substrate in the vicinity of the enzyme permits form- 
ation of an activated mtermediate in which several 
points of contact may be established. 

Enzymes which hydrolyse simple giyoosides exhibit 
extramely high specificity for the glycosyl radical of 
the molecule, whereas the structure of the aglyoone 
group usually is important in a quantitative, rather 
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than qualitative, sense*#. Glycosidases that degrade 
polysaccharides (I) appear to show high specificity for 


(a) (b) 
[—2G1 — Gl] 
Mo 7 


eee eee , aa well as glycosyl unit. 
In evaluating such speci , the enzyme is tested 
usually with several polysaccharides each of which 


acterized in sufficient detail to be suitable as 
enzyme substrates. Cellulase, for example, de- 
grades polymeric chains in which 6-p-glucopyranose 
units are linked through positions-l and 4 (I, G = D- 
glucopyranosyl; X — 4) but not when the linkages 
are f-(1-+38), a-(1+4), eto, and is regarded as a 
B-(1-» 4)-poly-p- -giucopyranosidase. In common, usage, 
this terminology refera to the cleaved, and 
implies that ita position of attachment to unit I(b) has 
an important mg on specificity. However, the 
glycosyl unit (a) is tteelf attached to a third unit 
(through the X-hydroxyl group), and the location of 


, the relative importance of these steric factors 
is di t to asees with polysaccharides of homo- 
geneous structure. Recent obeervations4 on the 
enzymolysis of a polysaccharide that contains mixed 
types of linkages suggest, however, that such questions 
should be taken mto account in olassifying poly- 
groin 

polysaccharide examined is a soluble p-glucan 
Meo bs the structure of which is represented*.® 
mainly by II, that is a linear chain of p-p-gluco- 

osy] unitas in which two (1->4) li (ii) and 
(iü) alternate repeatedly with a (1—> 8) lmkage (i). Two 
different enzyme preparations have been found to 
degrade the glucan rapidly and extensively under 
conditions expected to minimixe trans-glycoaidation 
aide-reactions. One of the enxymes has been classified 


| @Gi——3@1——4@¢ | 
om | 
[— RE EE ee a) EEE) 
c (ui) . 


+ 

| (x) 

l 

l 

I 

| G i G 1—86 | 
am 


as a B-(1+3) D-glucogidase, since it shows high speci- 
ficity for lammarin and only low activity on other 
substrates tested’. With this polyglycosidase, the 
major product obtained fram the oat glucan 1s tri- 
saccharide IL4.6, showing qlearly that hydrolysis is 
preferential for linkage (jj), that is, the glycosidic bond 
of a B-D-glyocosyl unit (a) attached thro ee) 
and -8 to adjacent units, rather than a §-(1- 3) linkage 
(i). (In lamimarm, of course, most of the givoosy] unite 
possess this type of 1,3-relationship.) 

The sefond enzyme used, a cellulase from Strepto- 
myoss sp. QM B814°, degrades the glucan mainly to 
trisaccharide Ty 4.8 » showing that the hydrolytic action 
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of this ensyme is preferential for linkage (iti). Now, 
(ii) aga (ui) of the pol are both of 
the f-(1-> 4) type, but glucosyl unit (a) is substituted 


ab position-3 ; glucosyl unit (c) is substituted at ` 


position-4 but is attached to position-8 of an adjacent 
unit. Hence only glucosyl unit (b) is equivalent to a 
unit in @ cellulose chain. The ready attack by the 
cellulase at this pomt indicates that the 

+ &£-p-glucoge relationship 1s at least as important 
for the action as is the £-p-glucose-(1-> 4) 
These considerations are subject, of course, to the 
usual qualification that the enzymes used may not be 


cellulose but do not attack cellobiose. The 
ee re ea ee 
but the glycosyl unit iteelf is not substituted at 
position-4. Similar considerations could apply for 
other polyglycosidases (for example, f-amylases) that 
produce oligogaccharides, but not monomer, from 


Piire iaria 
o are grateful to Dr. E. T. seria n 
quote unpublished data from collaborative studies 


Carbohydrate Obemistry”, 5, 49 (1080). 

* Parkh, F. W., , Poriin, A. 8., and Reese, H. T., Oan, J. Chem, (in the 
press 

t Morru, D. L., J. Piol. Chem., 162, 881 (1943). 

t Poat, 8., Whelan, W. J., and Roberta, J. G., J. Chem. Soc., 3910 (1057). 

7 Beso, H. T., and Mandele, M., Oan, J. Miorodtol., B, 173 (1959). 
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«pH-Chromatography’ of some Amphoteric 
Antibiotics 


ination of the ionic character of antibiotios and of 
suitable pH values for their extraction’. The pH- 
chromatogram of an antibiotic is obtained by 
chromatographing on a series of of chramato- 
graphio papers buffered to pH Values from 2 to 10. 
ee ee ee 
technique an organic solvent saturated with water is 
used. A suitable solvent is chosen by determining the 


solubility of the antibiotic being studied by paper’ 


chromatography’. In our reportes on the pH-chromato- 
graphy òf antibiotics! we described three types of 

, depending on the ionic character 
df antibiotics: 


op Ry values of pH-chromatograms of antihiotiog 
of acidic nature give S-shaped curves, a maxima 
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of which lie in the avidio range ; ith aeee 
values the Ry values diminish. 

(2) The By values of pH-chromatograms of anti- 
biotios of basic character give S-shaped curves of a 
reverse ; iis Whkesavin of tha ourvo Doing 
in the basio and the minimum in the acidic range, 


ay ge ames of neutral antibiotics have 
practically 


the same Ry values along the whole range 
of pH values, giving & straight line parallel with the 
The o pH for extraction 8f acidic or basio 
antibiotios is in the region of the maximal Ry value; 
the most suitable pH for re-extraction into water 
being that pH where the Ry on the pH-chromato- 
gram is smallest. 
We use pH-chromatography in seeking new 
antibiotics and sometimes obtain pH. 
of a different type, which have so far not been 
described. The Ry values of this type of pH-chroma- 
the range of lower pH 


pounds 

from pH 3 to the point of their maximal Ry, and from 
this point on up to pH 10 they behave as acids. We 
Presume that compounds belonging to this group 
are amphoteric. 

We have run pH-chromatograms of some known 
amphoteric antibiotics, ohl 
cyolme, tetracycline, and myocostatin (nystatin) to 
verify this. The pH-chromatography of all these 
antibiotics was performed by the ascending technique 
in n-butanol saturated with water, the spots being 
detected microbiologically. 





Fig. 1. pH-chromatogram of tetracyeline in #-bntanol satorated 
s with water 
1 a pH-chromatogram of tetracycline is 


In Fig. 
Rear. The Ry values of the spots increase step- 
wise up to pH 8, and auooemively diminish in the 


on pH values is depicted in Fig. 3. The Ry curves of 
chlortetracyalme and tetracyclme have a similar 
character and the maxima of both lie in the region of 
pH 8. The maximum of the Ep curve of oxytetra- 
is in the region of pH 6, and the character of 

curve is different from the character of the 
curves of previously mentioned antibiotics. We 
that the character of the curves is to some 

degron function of the struotaro of the compounds 
ee ET ee ‘acidic’ OH-groups 
present, chlortetracycline and tetracycline having 
five, and oxytetracycline six, OH -groups, respectively. 
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paper of Mio Fo Oa ee ee, 
n balanol eesareted, with water eÈ; ; A, oxy: 

In Fig. 3 the dependence of the Rr values of myoo- 
statin on pH is shown ; the curve having ite maximum 
in the region of pH 8. 

In all the cases presented the curves are not 
absolutely smooth ; for example, they do not have the 
amooth character of the curves of acidio and basic 
antibiotics. Up to now we do not know the cause of 
this phenomenon ; but we presume it could be taused 
by different chemical structure of the compounds 
studied. 

We have also analysed by pH-chromatography 
the antibiotio ine (oxamyvin), the data of the 
ionic character of which differ in the literature. 
According to Harned eè al.* this compound is a weak 
acid, whereas others* consider this compound to be 
amphoteric. The pH-chromatogram of antibiotic 
(Fig. 4) proves it to be amphoterio. 





2 3 4 6 6 7 8 9 10 
gut 


Fig. 3. Dependence of the E of myoostatin on pH; solvent: 
ii ‘n-butanol saturated with water 
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Fig.%. »H-chromatogram of oyeloserine In methanal 


, By the method described here, unidentified and, up 
to now, not even concentrated antibiotics can be 
divided into four groups according to their ionio char- 
acter, that is, into acids, basic, neutral, and ampho- 
terio compounds, and the, suitable pH values for thei 
extraction and eventual re-extraction into water can 
be determined. As the optimal pH value for the 
extraction of acidic and basio antibiotics lies in the 
range of that pH value where the Ry on the pH- 
headless is , We can presume that the ~ 
same be valid also for amphoteric antibiotica. 
Similarly, the region of the smallest R p values indicates 
the most suitable pH for the re-extraction from the 
organic solvent into water. 

We are of the opinion that the pH-chromato- 
graphio method oan be used also for the determination 
of the ionic character of other compounds of biological 
origin and for the determination of suitable isolation 
procedures of these compounds. 


Vranie BETINA 
¢ Pavan Nammo 


Department of Technical Microbiology 
and Bioch 
Chemical Faculty of ‘the 

Slovak Polytechnical University, Bratislava. 
 Beting, V., Wetwrs, 18%, 706 (1058). 
s Ai a! Podojfl, X, and Vriššková, A., ON. mibrodiol., &, 175 
+ Betin, V., Ohemiaké set, 13, 51 (1060). sy 
‘Hamed, B. L. Hidy, P and LaBaw, B. K., Anhbiokcs and 

Chemotherapy, dogs). 


+ 8ohull, G. M., ra S T Antibiotic: and Chemotherapy, $, 
308 (1955). 


Interaction of Actinom die fee wit 
Deoxyribonucleic 


Is previous Kawamata e alia hate’ 
reported the carcmogenic effect of actinomycin. In the e 
course of investigating the mechanisms of action of 
actinomycin, evidence was obtamed that this antibiotic 


` shows a specific interaction with deoxyribonucleic acid. 


In the following experiments actinomycin 5 was used’. 
In order to examine the relation between nucleio 
acids of bacteria and actinomycin &, the extracts 
obtained from bacteria cultured in the presence or 
absence of actinomycin S were subjected to zone 
electrophoresis. 
Bacillus subtilis strain NRRL-B558 was grown ona 
plus casein acid hydrolysate medium by 
shakingsst 35° O. After culture for 6 hr. 10 agm. o 
actinomycin S was added to the culture medium 
incubated further for 1 hr. Then the bacteria were 
harvested gnd washed twice with chilled, distilled 
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ele ne eee a E ee 
buffer solution by grinding the 
with alumina. Starch Teds wes pated 
in pH 8-8 borate buffer, ionic 0-1. The runs 
were made at 5° O. with constant current of 8 m.amp./ 
om. for approximately 17 hr. The starch was then cut 
iio 1 Gin aH OEA: and eakh section ‘was dooa with 
distilled water. The eluates were used for sabeequent 
analyses. Total nucleic acid was estimated by readings 
of optical density at 260 mp. The amounts of protein, 
mbonuocleic acid and deoxyribonucleic acid were esti- 
mated by the Folm, orcinol, and diphenylamine 
methods y. Actinomycin S was estimated 
by readings of optical density at 440 my. 

Resqlts of analyses of a starch electrophoresis are 
shown wm Fig. 1. Amounts of substances are plotted 
against distance travelled fram the origin towards 
both electrodes. Actinomycin S was found to be dis- 
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tributed ding to the fraction of deoxyribo- 
nucleic acid. [hs earns pattern waa obtained when 
actinomycm S was subjected to zone electrophoresis 
with the extract prepared from bacteria 

tured in the absence of actinomycin S. Actimo- 
mycin £ alone, however, travels to the cathode. Such 
an interaction was observed between actinomycin 3 


~ and deoxyribonucleic acid prepared from calf thymus. 


Moreover, the inhibition of bacterial growth by 
actinomycin S was virtually abolished in the presence 
of thymus deoxyribonucleic acid in the medium, but 
not of yeast ribonucleic acid. The resulta are shown 
in Table 1. 

In considering the fact that actinomycin has a potent 
anti-cancer activity, aa well as marked carcinogenic 
effect in mice, the Interaction shown between actino- 
mycin 8S and deoxyribonucleic acid might play an 
important pert m the mechanism of action. The mode 
of this interaction is now under investigation. 

It ia hoped that a full account of this work will be 
published elsewhere. 


Osaka University Medical School, 
Osaka. 
1 Kawamata, J., of al., Med. J. Osaka Univ., 8, 763 (1058). 
Fi salen a al, Prken’s J., 2, 105 (1069). 


MEAR ~ and Fujita, H., Med. J Osta Unis., 8, 737 (1068); 
Ba ht De mon). 
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Biosynthesis of Sucrose by Pre 
from Potatoes stored in he Cold 


Room Temperature 


Paasars the most pronounced and consistent 
metabolio response of potato tubers to stress situs- 
tions, such as low and high temperaturea, loas of 
water, and ionizing radiation, is the accumulation of 

sugars, especially sucrose. Although the relationship 

of eager content to the so-called non-enxymatio 
of processed potato products has been 

amply documented!, the biochemical evente whioh 
create a milieu favourable to accumulation of sucrose 
are unknown. Conceivably, this imorease in sucrose 
could arise as the result of changes in amounts of 
enzymes involved in sugar formation from starch, as 
com with those involved in removal of sucrose. 
these enzymes, the one most likely to be involved 
directly in sucrose metabolism would seem to be 
first desaribed by Leloir and co-workers? in wheat 
germ, maize germ, potato sprouta, pea seeds, beet 
shoots, eto., and demonstrated more recently in 
sugar beet loaves? and in soybeans and broad beans. 
Although a increase of sucrose has been demon- 
strated when fructose or glucose is administered to 
potato disks’ and when tuber homogenates 
are incubated in the presence of glucose-1-phosphate, 
fructose, and dextran sucrase*, demonstration of the 
presence of uyidine diphosphoglnoose — fructose- 
transglycosylase in potato tubers has not been 


We have now found that the potato tuber 
is a rich source of sucrose-synthesizing enryme 
(Table 1). The e fractions were prepared 
from 600 gm. of peeled Washington Russet tubers 
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previously stored for 12 days at 25° O. or 2°O. The 
tubers were homogenized with 80 mL of 01M 
hoephate buffer of pH 7-0. After filtration through 

the filtrate was made 0-7 saturated with 
respect to ammonium sulphate. The precipitate was 
collected by filtration and dialysed against cold dis- 
preparation (retentate) was 


The precipitate obtained from dialysis of the 
preperation from stored at 85° O.. was BUS- 
pended in 62 ml. of water. By analysis, each mililitre 
had 1-97 mgm. of protein nitrogen and was equivalent 
Cee ee ee tissue. 

the enzyme preparation from potatoes 
stored at 2° O. were 65 mi. total vohmme, 1-78 mgm. 
protein nitrogen per ml., and each millilitre of enzyme 
represented 9-2 gm. of fresh potato tiasue. Sucrose 
was determined by the method of Rorem e al.*, in in 
which the residual colour and reducing 
eaea oe Ly ahs Guat P ag tory ne 
prior to development of colour with resorcinol. The 
formation of sucrose in the enzyme reaction mixture 
was also demonstrated by paper chromatography. 

The rates of synthesis of sucrose compare favour- 
ably with those of crude preparations from other 


tem fraction from tubers stored at 2°C., in whi 
sucrose accumulates, and that from tubers stored 
at 25°0., in which sucrose does not accumulate. 
Both preparations exhibit the same apparent pH 
optimum for synthesis of sucrose and both possess 
invertase ity. The pH optimum for sucrose 
synthesis (Table 1) ia probably not the true pH 
optimum of the enzyme, since at pH 8:1 we 
found that the invertase drops off rather 
sharply from that found at pH 7-1, thus allow- 
` ing more sucrose to accumulate at the higher pH. 
It will be noted that the presence of invertase 
in the from potatoes stored. in the cold 
in a decrease in sucrose in the enzyme reaction 
mixture at pH 7-1 after prolonged imcubation. The 
presence of invertase in these preparations also 
vitiated attempts to establish the equilibrium of the 
reestion. 
Additional experiments showed that these potato 
preparations oan synthesize sucrose or sucrose- 
pee ee a eee 
or fructose in the reaction mixtare. The 
possibility of conversion of the fructose-6-phosphate 
to free fructose by a phosphatase, however, has not 
been completely elimmated. 
In two sets of enxyme preparations 
froma iko White Ross variety, known 1o be a good 


Table 1. fag pl CA fit tpn At Reorgt EEE- 
PARATIONS FROM Wasnincrox Russer Vasterr Potaro TUNERS 
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sugar former, synthesized sucrose at a rate 8—4 times 


wot pre experimenta 
varieties which tend to accumulate large amounts 
of sugar ocontam more enxyme than those with 
smaller accumulation of sugar. 

These results appear to elimiate the possibility 
of induced uridine diphosphoglucose — fructose- 
transglycosylase formation in reeponse to the altered 
environment as a factor in the accumulation of sucrose 
in tubers stored at low . The 
Den of radical changes induced. temperature 
in content of other enzymes involved in car 
metabolism of potatoes, namely, phosphatase and 
amylase’, and phosphorylase’, suggesta alternate 
mechaniams of aig hasan control or control at les 
purely biochemical levels 


EDWARD 8. Rormc 
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Western Utilization Research 
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Agricultural Research Service, 
U.S. t of Agrioulture, 
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1? Sehwirmer, 8., and Burr, H. K., tn ‘Potato Processing”, 12 (Avi 
Publishing Oo., Westport, Oonnectiout, 1989). 
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Optimal Protein S is by Ascites 
Tumour Cells In Vitro 


Warburg and Hiepler’ have stated that ascites 
tumour cells show the highest metabolic rates when 
incubated in their own aacitic fluid. Littlefleld and 
Keller* later showed that the incorporation of O- 
amino-acids into mouse ascites cell protems occurs 
at a rapid rate when the whole ascitic fluid is fortified 
with glucose and buffer salts and incubated in air. 
Inco i is considerably greater than when 
buffer salts alone are used. More recently, Quastel, 
Bickis and Vas* that the sera of many 
different species o animals (rat, mouse, rabbit, 
guinea pig, ox) stimulate the inco ion of “C- 
glycine into the proteins of intact lich 


mouse ascites cells tn viro, in some cases by as much’ 


as fivefold. This stimulation of was 


also shown by the mouse ascitic fluid and by heated - 


serum ultra-filtrates. The stimulation of incorpors- 
tion of amimo-acjds into these cells Tat serum 
has now been investigated in detail and found 
Oe ee ne a 
bicarbonate and amino-acids. These substances, used 

in the same concentrations as are found in the serum, 
can replace the serum fully (see Table 1). 

Since the meorporations of different amino-acids 
were not stimulated to the kame extent by rat serum 
under identical conditions (for example, glycine by 
187 per cent, valine by 188 per cent, leucine and 
gintamic acid by Jess than 10 per cent), great cere 
eon A a a fi 

via the or i 
synthesis. Glycine incorporation was sindied in 
detail in this respect. Techniques were employed 
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Table 1. Isoonrokatiow oF “O-Glronors INTO Asorrms Omit Pao- 
ANDIN THM ADARRON AND PRIMEROS OF KAT BEKUN AND SYNTHETIG 








ma 
bie 
3 











was 2 Ser cha contained 10° Apn 


in the isolation of ‘protein’ free of nucleic acid and 
lipids that are known to minimize the non-peptide 
bonding of amino-acids to proteint. The final 

ucte, when subjected to controlled acid hydro- 

is, released radioactivity from the protein isolated 
from cells incubated in the absence or presence of 
heated serum ultra-filtrate at the same rate. When 
the ‘were subjected to exhaustive acid hydro- 
` lysis (16 hr. in 6 N hydrochlorio acid at 110° O.) and 
the products examined by two-dimensional chromato- 

graphy and radioautography, carbon-14 activity was 
found only in the areas corresponding to the positions 
in which glycine and serine are found. About 20 per 
cent of the total label as serine in both 


aw 


absence or presence of the heated serum ultra-filtrate 
to the game extent, indicating that the ghycine-serine 
interconversion was unaffected by the serum factors. 
When protein was isolated from the different cell 
fractions separated by ultracentrifugation in the 
usual manner’, the debris—nnuclei, mitochondrial, 
-microsomal, supernatant, fractions soluble and in- 
soluble at pH 5, though labelled to different extents, 
showed the same proportional increases when the 
cells were incubated in the presence of heated serum 
ultra diltrates. 
It Would thus appear that ‘stimulated moorpara- 
tion’ is not fundamentally different from o 
ration. Bome other explanation must be 


l mvoked to account for the different responses of 


different amino-acids to the serum-factors. One 
possibility is that there are different levels of the 
various ™O-amino-acids in the® ‘pool’ synthesized 
from the added amino-acid, are afterwards 
utilized for incorporation. A ler a Goa 
siderably higher concentrations of some amino-acids 
are required to produce optimal levels of activated 
amino-acids for incorposstion. 

The responses of the ascites cells to the various 
componenta of the synthetic serum mixture are quite 
in . When a maximal stimulation of inoor- 
poration of “O-glycime by heated serum ultra-filtrate 
eof 200-240 cent was observed, 68 per cent of the 

Affect. could. be obtained “with gldooee th the Pamo 
ei cs eae ee 110 per cent by 
e 
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glutamine alone, 134 per cent by glutamine plus 
bicarbonate, but only 154 per cant by combining all 
three. When an amino-acid mixtare was also added, 
equivalent to the amounts found in human serum’, 
a final stimulstion of 200-250 could be obtained. 
Thus it appears that glutamine is a major factor in 
the serum and, since the mouse ascitic fluid is lacking 
in glucose, glutamine is probably a major factor in 
ascitic fluid for the stimulated incorporation of 
amino-acids. This effect of glutamine is well known’, 
and probably resultas from the fact that washed 
ascites cells are deficient in glutamme due to the 
presence of a high intracellular gintaminase activity. 
There is little effect of glucose in combination with 
the other serum factors, yet it stimulates glycine 
incorporation by 68 per oent on its own, i 
that an ‘energy source’ is needed for optimal incor- 
poration in these systems. It seams likely that 
glutamine can act indirectly through the actions of 
glutaminase and transaminase as an ‘energy source’ 
also. In every case the washed cels were incubated 
in Kreb&é-Ringer phosphate buffer, pH 7:4. The 
effect of adding bicarbonate alone (final concentration 
only 1-2 mM) was to depress the incorporation of 
glycine by 25 per cent. However, if added when 
glutamine is present, the stimulation due to in- 
corporation of glycine is even greater than with 
glutamine alone. These effects are difficult to explain. 
In summary, it can be said that the effects of 
serum, and probably of ascitic fluid aleo, in stimulating 
the synthesis of protein in ascites cells, are probably 
due to the presence of substances which lead to the 
production of increased levels of the activated amino- 
acids required for higher rates of protein synthesis. 
This can oocur by 


or ice tase (gap vas OF ees r, 
phate. 
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Effect of Heavy Water on Respiratory-chain 
. Enzymes 


Durme radiobiol ical work on bacteria it was 
found by one of us L.) that the effect of i 
radiation (X-rays) is greatly potentiated if the 
bacteria are irradiated in a medium in which water is 
replaced by Heavy water’. Thus, for example, with 
Escherichia cok B and Pseudomonas 6009 dose- 
reduction factor was approximately 3, that is, the 
X-ray dose required to produce a given reduction in 
the number of colony-forming bacteria on irradiation 


1116 œ 


in deuterium’ oxide-was one half that in water. 


This effect, however, occurred only if the bacteria” 


were irradiated in presence of oxygen, but not, or 
only insignificantly, after irradiation under anaerobic 
conditions. 

Heavy water has for some time been known to 
affect a variety of- chemical reactions and biological 
ial *, the rates of which, as a rule, are slowed 
own. 

; In the present experimenta the respiratory-rate of 

the bacteria used was decreased by a 
45 per oent and that of baker’s yeast by 75 per cent 


in 95-98 per cent oxide, as compared with 
water medium, the inhibition becoming appara 
at the of the 


The rate of anaerobic tation of M. cols, ae the 
other hand, was not affected by deuterium oxide for 
the first 2 hr. (An mhibition developed after 2 hr.) 

Similarly the rate of serobio succinate oxidation 
in the Kein and Hartree heart-muscle tion 
_was increasingly inhibited with i concen- 
trations of deuterium oxide, maximal inhibition. 
being between 45 and 50 per cant in 99 per oent 
deuterium oxide, while the rate of anaerobic oxidation 
of guocinate with methylene blue as hydrogen 
acceptor was not affected. 

In order to gain further insight into the mechanism 
responsible for metabolic affects of deuterium oxide 
as manifested, for example, in inhibition of re- 
spiration in intact cells and of oxidations in isolated 
enzyme systems, further = have been 
undertaken. 


Brrr 
Harrans 





The results given in Table 1 show that replacing 
the water in the medium by 90-99 per oent deuterium 
oxide inhibited the oxidatjon of suocmate by oxygen, 
fergicytochrome o or ferricyanide, and the oxidation 
of reduced diphosphopyridine nucleotide by oxygen 
or ferricytochrome o, in the presence of heart-musocle 
preparation. The cytochrome c oxidase reaction was 
also inhibited (of. ref. 8). On the other hand, oxida- 
tion of succinate or of reduced diphosphopyridine 
nucleotide by methylene blue with heart-muscle 
preparation was not appreciably inhibited. 

Table % Error or DACTARIUM OIDE ow Rara oF OXIDATION 
Tavern MYTOCHONDRIA 


oy Buccmurm BY Rat AND ow P:O0 Ramo 
(0-06 M 800d a TE) 





` Inhibition oent) by 
Activity of oontral KpE a axido 
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al. oxygen/hbr. 


0 


65 70 7% 
gil 
. Oxidation of succinate by heart-musals in 
(@) E0 and (A) DO medtum as 2 fonction of pH 


The inhibition of succinate oxidation catalysed by 
rat-liver mitochondria was variable, being greeter 
with iana having a igharactivin (Table 3). 
The of inhibition was considerably decreased 
by the addition of 8 x 10“ M dinitrophenol, which 
inhibited the rate of oxidation only slightly (7-84 per 
oent). Deuterium oxide decreased the P :O ratios 
only slightly, both in the presence and the absence of 


sa hah sas 

The experiment described in Fig. 1 shows that 
replacement of water by deuterium oxide did not alter 
the pH optimum of the succinic oxidase activity of 
heart-muscle preparation and that the of 
inhibition was practically independent of pH (or 
pD) between 6-5 and 8-6. Thus the mhibition is not 
due to a possible difference in the degree of ionization 


8-0 85 


Wig. 1 


of water or deuterium oxide or of the buffer ingwater 3 


The ensyme-catalysed reductions of methylene 


blue by reduced diphosphopyridine nucleotide = f 


by succinate, which were not inhibited b 
oxide, represent probably a simple tea obs of hyde: 
atoms from substrate to methylene blue, ins fy 
by the respective dehydrogenases and intermediate 
carriers. These reactions are not seedy rag a by 
phosphorylation in mifochondrial Peran o 
ever, thoge reactions which mvolve larger oa 
a ee 
hosphorylation ig mitochondrial preparations 
lay ited by deuterium oxide in the non-phos- 
ierre heart-musole preparations. 

The inhibitions given in Tables 1 and 2 were 
determingd immediately after adding the enzyme 
preparations to the reaction mixture. They oannot, 
therefore, be due to a possibly decreased reaction- 


Wo, 4743 


rate with deuterium-labelled substrate, formed by 
reactions, since these are relativély slow‘ 
and could not beoome manifest at once. 

We should like to suggest as explanation of these 
resulte that a protonolysis is a rate-limiting step of 
the respiratory chain in non-phosphorylating pre- 
perations, and that replacement of H+ by the heavier 
D+ slows down these reactions*.*. It seams particularly 
significant that the succinic oxidase of phosphoryl- 
ating preparations is considerably lees inhibited in 
the presence of ol, which is believed to 
increase the rate of hydrolytio reactions*. 

As yet, however, no basis has been found for 
explaining the potentiation of radiation effecta in 


deuterium oxide. 
- H. Lasne* 
Molteno Institute, e 
University òf Cambridge. 
E. C. Strate 
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University of Amsterdam. 
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Influence of Different Types of Malnutrition 
on the “C-Lysine Metabolism in Young Rats 


Ix the usual laboratory animals the typical corol- 
laries of chronic shortage of proteins, fate, and 
carbohydrates have been thoroughly studied. Very 
little is known, however, of the changes in the inter- 
mediary metabolism. Since we were interested from a 
pediatric point of view in the problems of malnutrition, 
we have investigated Wistar rate (body- 
weight 35 + 5 gm.). Five groupe of ten animals each 
received for one week or more a synthetic diet (adapted 
from György) oe ene eee 


Group 
to 
5 Ta 
68 
ma oil Bs 
ay Nestargel R 


h On tite seventh, eighth, and ninth days two animals 
of each group were placed in a metabolism cage. After 
tation to the new surroundings, each animal was 
"injected intraperitoneally with 10y0,.140-lysine. Six 
* hours later the animals were killed and the proteins of 
the different organs were isolated and their specific 
activity was determined in a methane flow counter as 
described in detail elsewhere!. 

A diminution of the calorie in of 50 per cent did 
not influence the rate of moorporation of the labelled 
lysine into the proteins of any organ examined. This 

is in accord with he studies of Allison’, and 











findmg e 1 
Cox # al.", which were based on results of experiments. 


done with classical methods. 
The results from our Groupe IIT and V showed that 
edie pace bia erga vied pada ia r 
t and carbohydrate, so far as it is poasibledo draw 
is conclusion from experiments with a single labelled 
amino-acid. But this finding agrees well with resulta 
e 
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obtained by the usual metabolio methods*. Of course 
only monosaccharides show a specific depression of the 
amomo-acid-level in blood in experiments of short 
duration’. Fructose does not bring about higher 
retention of nitrogen than glucose as has been claimed 
by others’. The specific activities of the organ proteins 
were in the same as those of the group on a mixed 
diet (Group I). This is remarkable since the rats of 
Group I received a diet very rich in protein. 

On the other hand, the animals on the dist almost 
free from protein, as is seen from Table 2, incorporated 
tagged lysine in several organs at 4 higher 
rate than those of all the other gfoups. ce the 
carbon-14 dioxide uction from lysine was only 
about 50 per cent of the other animals, one can postu- 
late that the oxidative deamimation of the amino- 
acid decreased in the protein-free animals in favour 
of protein synthesis. 

Table 2 SPECIO ACTIVEY OF THE ORGANS OF PROTI- 
STARVED ANTAL (TAKEN 


PROTEINS OF 
RATS COMPARED WITH Nommally Fup 
is 100 FER our) 





Ẹ 


412 
270 
300 
TEA 
220 
T3 
83 
251 
pod 
2% 








Recently, Russian authors’, in work on dogs, and 
also Garrow? and Waterlow!®, made similar observa- 
tions; their experimenta were carried out with I8- 
methionine. 


Since we believe that protein synthesis is possible 
only when all necessary amino-acids are available 
simultaneously, one may postulate that, in protein 
starvation, the sixe of the pool of amino-acids is 
Increased in those organs in which a higher rate of 
incorporation of 14O-lysine is detectable. This can of 
course occur through a decreased breakdown, as we 
found to be the case in our animals. Lysine as such 
is not able itself to accelerate protein synthesis. 

The radioactivity on the deproteinized blood plasma 
of the protein-starved rata was lowest in all the groups. 
In the liver, nevertheless, we had a relatively hagh 
count. Kreuger and Wiss have found with the micrp- 
biological amino-acid method e high content of free 
amino-acid in this organ in starved animals. Since 
the carcass proteins oy gates Muir nak on E R a 
increase in the rate of incorporation of lysine, it is 
evident that re-direction of the protein metaboliam 
takes place in favour of vital enzymes and structures 


by the work of 
Solomon and Tarver! and of Waterlow!*, who have 
also found a shift in the.rate of incorporation between 
the and the intestines. The changes 
in protein liam due to a protein shortage 
im the diet of longer duration proceed apparently in 
two phases: first, labilo proteins which have a very 
short half-life are mobilized from the liver, eto.; later 
the ‘leas vital’ structure proteins of the carcass are 
broken down and erythropoiesis is slowed down, 
whereas in the Iver, kidney, intestines, and surprisingly 
in the brain too, neosynthesis is very active. The 
effect of protein starvation on protein synthesis is 
somewhat similar to that of glucocorticoids, which 
according to Hess and Shaffran increase the specific 
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activity of liver proteins and decrease the rate of 
Incorporation into the connective tissue and muscles. 
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PHYSIOLOGY 


Dextran and insulin in Rats 


Wura testing the effects of insulin on the ci 
reaction of laboratory rata to dextran, we found that 
many animals died after combined doses of the two 
agenta which were not lethal when administered 
separately. The validity of this observation was put 
tal test. Male Sprague-Dawley rate 
Weighing at least 150 gm. and fasted 24 hr. were sub- 
cutaneously Injected with zinc insulin (‘Tletin’) at two 
dose-levels, 7-5 or 10 u./kegm. body-weight. An hour 
later dextran was administered by vein in a total 
Salna of 10 wil Tata, O96 per cai sodiota cbloride 
containing either 60 or 600 mgm. dextran (‘Expandex’). 
Control animals received saline without dextran. 
Fatalities due to these amounta of dextran have not 
occurred in our work. The resulta of eight experiments 
are summarized in Table 1, which shows the incidence 
of survival after 24 hr. Animals that died exhibited 
convulsions usually within 8 hr. of insulin administra- 
tion. Few signs of the dextran reaction characteristic 
of this species were noticed. 


TFTACT OF IRTRAYEMOUS ADMINISTRATION OF DEXTRAN OF 
SURVIVAL OF Faerep RATS AFTER INSULIS 


Table 1. 


be seo 5/20 13/30 


The smaller dextran dose.caused more stress than 
the larger at both insulin-levels. between 
the insulin doses (2 x 8 table) showed the results were 
not significantly different, go they were combined. The 
data were tested in 2 x 2 tables using x with 
Yates’s correction. Although not ind t, these 
’ testa indicated that the decreased inaiderice of survival 
after 60 mgm./kgm. dextran was highly significant 
when compared with controls or with the number 
surviving after 600 mgm./kgm The incidence of 
survival in the latter groups did not differ significantly 
from each other. 

a ioe N T asi ation a veo 
by csdema and blueing has been reported to follow 
insulin tia. We have found no previous 
mention, however, of the effect of dextran on this 


NATURE 


September 24, 1960 voL 1683 


species’ reaction to insulin, paeo because the obser- 
vations were not continued long enough, or the insulin 
dose was too small. The occurrence of fatal convul- 
sions after insulin doses which without dextran are 
subconvulsive may be due to indirect effects of dextran. 
One of these is severe and prolonged vasodepression’, 
which would accentuate the already low glucose-level 
in the central nervous system. This situation could 
also prevail if vasoconstriction comparable to that seen 
in the mesoappendix and skin of the rat after intra- 
venous administration of dextran‘ occurs likewise in 
the small! veesels of the brain. Possible direct effecta of 
dextran on resistance to insulm include changes in 
cellular permeability and blood sugar. Insulm in 
amounts too amall to change the level of blood-sugar 
Significantly has been reported to enhance cedema for- 
mation subcutaneously administered dextran’, 
Our investigations of the manner m which dextran 
administered by vein affects insulin hypogiyoemia and 
the incidence of convulsions are continuing. 
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Summative Action of Acetylcholine with 
iological Stimulus on the Generator 
al In the Lateral Eye of the 
Horseshoe Crab 


Tua action of acetyloholme on the electrical aob- 
ivities of various receptors has been studied by many 
authors’, Most of the investigations of ite action were 
carried out on the responses of receptors in terms of 
impulses they discharge. In this communication the 
effect of acetylcholine on the retinal slow potential, 
which is regarded as a generator potential’, was 
studied by means of intracellular micro-slectrodes. 
The electrical activities arising - within single 
ommatidia of the excised lateral eye of the horse- 
shoe crab (Tachyplous tridentatus), which whe im-- 
mersed in the physiological saline solution’, were 
led to a cathode follower through a micro-clectrody . 
filled with 3 M potassium chloride. 

Having obtained the responses by illumination of 
a given intensity, duration and interval as controls 
(a in Fig. 1), the ediution made by dissolving 
choline chloride in physiological saline solution was 
added by a micropipette to the external solution of 
a known volume. Then the by the same 
stimuli were successively recorded. The concentra- 
tion of acetylcholine was cAloulated afterwards. 

As seen in Fig. 1b, & remarkable morease in the 
amplitude of both the initial maximal and the 
successive leas but steady larization was induced 
by the addition of acetylcholine. Moreover, pro- 
longatiom of the falling phases of the initial maximal 
depolarization and the eee of repolarization follow- 
ing cut-off of the stim also occurred. 
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in darkness. Pipa Indieate on- and off-atgns. Time, 1 + 0:1 sea. 


These effecta could be obtained without any 
sugnificant change in the resting ials soon after 
the addition of acetylcholme. Sometimes two humps 


depolarization (Fig. Ic). This effect of acetylcholine 
on the generator potential of the eye of the horse- 
shoe orab suggests that its summative action with 
natural stimul reported in some other 

may, at least, be i dus to rte effect on their 
generator potentials. 

The summative effect of acetylcholine was always 
followed by ita depolarizmg action (Fig. Id—f}, and 
Be Ree ay Of ep calle ee enn se natn DY 

hhoation of normal salme solution. 

trychnine and 2,4-dmitrophenol elicited a re- 
vidie increase and a prolongation of the retinal 
slow potential of the horseshoe crab. But the effect 
of acetylcholine was more difficult to find, for 
an unknown reason, than that of the former two 
chemicals, though it was more remarkable at a lower 
concentration. if it did appear. In most cases only the 
depolarizing action was exhibited followmg the 
-eddition of scetylcholine. The dosage differed from 


was 5 x 10+ moles im our experimen: ta. 

In addition, the mode of action of acetylcholine 
is ‘somewhat different from that of TEA. The 
latter compound belongs to the ammonium 
compounds as does acetylcholine, but tt exhibited 


rosy that the photoreceptor in the 
tus eye li tes a chemical product , during 
Ta tA But there remain difficulties in assum- 
ing that acetylcholine is the product in question 
according- to our observations, since its summative 
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action with natural stimulus could appear seperately 
Be Ae ee ne ene ee eee 
influenced by atropine or anticholinesterage in the 
i grein performed so far. 
any event, acetylcholine seems to have two 
actions on the sensory cells m ommatidia of the 
horseshoe crab; one is the summative action with 
physiological stimulus which may be explained as the 
sensitization of the chemical product or acceleration 
of ıts liberation during illumination, and the other 
is ita depolarizing action on the oell membrane 
concerned. 


R. Kixvom 
K. Narro 
8. MINAGAWA 
Department of Phymology, 
Tokyo Women’s Medical College, 
Shinjuku-ku, Tokyo. ’ 


tQ J. A. B., Initiation of mm: ati tors in “Handbook 
oe Piyar”, 1 (Amer. Lee Washtaten. D.O., 1950). 

* Tomita, T.p Jap. J. Physiol, 6, 326 (1956). 

* Kiknohi, R., and Tanaka, L, Ammot. Zool. Japon., 30, 177 (1987). 

4 Fuortes, M. G. F., J. Phgwiol., 148, 14 (1959). 

* Task, L, and Hagiwara, 8., J. Gen. Physiol., 40, 850 (1967). 


pH Changes during Muscle Twitch and 
Tetanus 

Dusumsont-! has shown that pH variations 
during muscle activity can be recorded at the muacle 
surface with a glass electrode, using an electrometer 
and @ sensitive galvanometer. Displaying the d.o. 
amplified electromotive force changes of the glass 
electrode, on the screen of a cathode-ray tube, reduces 
the recording delay to a few msec., and makes it 

let to estimate the time constant of the glass 
electrode (McInnes type), transmitting a pH step, to 
be about 30 msec. 

The recordings during muscle activity are made 
with a small electrode (20 mm. long, diam. of flat 
sensitive membrane, 4 mm). It is attached laterally 
to the hanging muscle, and a counter-weight arrange- 
ment makes it follow the muscle movements. 

Fig. 1 shows the pH changes during single isometric 
twitches of a tortoise muscle at 22°C. The curves 
have been corrected! to take mto account the diffusyon 
time of carbon dioxide through the film of liquid and 
inert material (6u) between the electrode and. 
muscle surface. ` The zero of the time-scale coincides 
with the beginning of the action potential, which is 
recorded in an attenuated form by the electrode. 
This introduces some uncertainty at the beginning of 























Fig. 1. 
(first 


H variation d four successivo isomo 
below, ao wards). 
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the pH curves ; but careful examination of hundreds 
of records leads to the conclumon that the initial 
acidification (phase b of Dubuisson) does start during 
the action potential. The much slower alkaline shift 
(phase c of Dubuisson linked to phosphagen break- 
down) 1 often absent during the first twitches 
sustained by a muscle after a long rest and builds up 
gradually to a maximum durmg following twitches. 
The fast acid phase is always present. Ite Qi, is 
high, ~ 3-2 for tortoise musole and lies between 3 2 
and 8-8 for frog musoles. 

If this initial change in pH is assumed to be due 
to the hydrolysis of ~P bonds, from adenosine 
triphosphate or any other carrier provided it liberates 
the same amount of H+ at a grven pH according to ite 
electrotitration curve, one can caloulate the amount 
of split ~ P if one further knows the cellular carbon 
diomde/bicarbonate ratio, the pK’ of carbonic acid, 
and the retention factor which acoounts for other 
buffer systems. Taking a minimum of 1-10 for this 
factor, values between 0-04 pmole/gm. and 0-1 umole/ 
gm. for tortoise muscles and 0-06 umole/gm: and 0-18 
umole/gm. for frog muscles are found for the amount of 
m~ P eplit per twitch. The best resulta correspond to 
60-70 per cent of the minimum expected change (0:25 
pmole/gm. for frog muscle) estimated from myo- 
thermic data‘. The discrepancy, if not real, might 
be due to an under-estimation of the retention factor 
which is calculated from equilbrium meesurements. 

The pH variations observed during 'a single twitch 
are summed during tetanus, giving rise to pH curves 
similar to that described by Dubuisson. Assuming 
that a diphasic pH change is produced at each 
stimulus, in the range of frequency investigated, the 
experimental records can be reconstructed by simple 
algebraic summation, as shown in Figs. 2 and 3. 
It 1s seen that in these particular cases the absorption 
of H+ overcompensates the H+ liberation after a few 
stimuli, and that a linear steady state is established, 
which abruptly ends when stimulation stops. The 
final alkaline burst 1s in fact made visible by the 
ara of H+ productaon. The rate of H+ liberation, 

to the acoumulation of the fast acid 
hanan decribed for single twitches. can be calcu- 


lated from the pH recordmgs, and one obtains the | 
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curves shown in the upper sections of Figs. 2 and 3, 
giving the carbon dioxide production in umole per 0.0. 
of extracellular liquid. 

If one admita that phase b of Dubuisson ocorre- 
sponds to an exothermic reaction (~ P splittmg) and 
phase c to an isothermic process {~ P transfer), there 
is a good qualitative agreement between the H+ 
production and the hee spe E RTEA during tetanus’. 

Quantitatively, the 


of are, however, too small to account for 


ulated rates of liferation: 


the whole of the maintenance heat in the same - 


proportion as observed for smgle twitches. 

The intensity of phase b is Inked to previous work 
done by the muselg and depends on the mitial 
Qualitative indications exist such that the H+ libera- 
tion during isotonic contractions depends on the 
amount of shortening. 

A. DEThOHSN 


Laboratory of General Biobgy, 
University of Lidge. 


1 Dubuisson, XL, J. Phystol., 94, 461 (1930). 

3 Dubuisson, 3L, Arok. Internat. Physiol., 50, 203 (1910). 

3? Dubumson, M., “Muscular Contraction” (O. Thomas Pub., 1054). 

+ Distèches å., amd Dubunson, M., Res. Soi. Instr., 38, 809 (1984). 
EM, A. V., J. Sa. Instr., 86, 56 (1949). . 

“Hil, A. V., Proe. Rey. Soc., B, 136, 242 (1040). 

THI, A. V., Proc. Rey. Soc., B, 137, 268 (1950). 
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Metabolism-of Oxygen-I5 

Oxyaun-15 has been prepared by deuteron bom- 
bardment of nitrogen molecules in the Medical 
Research Oounol cyclotron at Hammersmith Hog- 

ital.” Gases labelled with this isotope, which has a 

-life of only 2 min., can be inhaled into the lungs 
and detected by external scintillation counters. The 
initial counting-rate in a given region of the lung 
is proportional to the regional ventilation!, and the 
rate of removal from the region during breath-holding 
is a measure of the regional blood-flow*. 

During some of these experiments the radioactivity 
in the blood was measured at intervals after the breath 
was taken. Blood samples were taken from a fore- 
arm vein in four subjects between 15 sec. and 4 min. 
after the beginning of the breath of air, the oxygen 
of which was labelled with oxygen-15. The samples 
were heparinized and centrifuged for 2 min. to 
separate the cells from the plasma. The radio- 
activity of 2-ml. samples of red cels and plasma 
wes measured in æ sensitive ‘well’ type arystal 
scintillation counter. In a further study, 20 ml. fresh 
blood at 37°C. was labelled with oxygen-15 by 
bubbling a stream of the isotope in air through it. 
A sample was taken from the blood immediately 
after labelling and after 5-min. incubation at 37° C. 
and the radioactivity in both red cels and plasma 
was measured. 

A typical example of the changes in the radio- 
activity in the plasma and red cells for 4 min. follow- 
ing the breath of oxygen-15 (corrected for radioactive 
decay to & common zero time) is shown in Table 1. 
„The i ivity in the plasma increased rapidly 
and the red cell activity fell during the 4 min. of 
observation. In consequence the proportion of the 
radioactivity in the plasma increased from 10-6 per 
cent after 80 sec. to 53 cent after 240 sec. The 
results in all four n subjects followed a similar 


pattern. 

When blood was labelled in vitro only 1 per cent 
of the radioactivity appeared in the plasma, and this 
proportion did not alter significan after 5 min. 
incubation. This is the proportion which would be 
expected from the known partition of molecular 
oxygen between red cells and plasma. 

The rising plasma radioactivity found in vivo must 
represent the return to the plasma of oxygen-15 
which has been metabolized in the body cella. The 
results show in a striking way how rapidly this takes 
place. An appreciable fraction of the inhaled mole- 
cules omoxygen-15 is transported by the blood to the 
tissues, Ui into the tissue cells, is metabolized 
and then diffuses back into the blood within 30 sec. 
ofthe beginning of the breath. 

An attampt was made to fractionate the radio- 
‘activity m the plasma into carbon dioxide and water 
by acidifying and shaking under vacuum, but none 
of the radioactivity could be removed. This is because 
oxygen-15, which is metabolized to carbon dioxide, 
becomes freely exchangeable with he oxygen in water 


Table 1. 


Rup CMLL AXD PLASWA RADIOACTIVITY CORRECTED FOR 
BAvDIOAOTIVN DICLY TO 4 Comox Exzo TOO 


Pierna Ratio plama’ 
radioactrvity radioactivity | red ocell activity 
{eounta/min/mL) | (eounts/mm./mL) (per cent) 
12e 


Time 
breath 
(see.) 





10 6 


28 
53 
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when bicarbonate is formed in the blood, and there- 
fore cannot be separated. 


0. T. Dorssy 
sd J. B. Wer 
Department of Medicine, 
Postgraduate Medical School of London, 
Hammersmith Hospital, 
Ducane Road, 
London, W.12 
OTe TB Be Med 77 Las eo) UNA T. De, and 


* West, J. B., and Doley, 0. T., J. App. Physigl., 18, 4065 (1060). 


The Membrane Potential of the Anterior 
Byssus Retractor Muscle of 
Mytilus edulis 


As yet no reports of intracellular recording from the 
anterior byssus retractor muscle appear to have been 
made. The membrane potential can be measured with 
coventional glass micro-pipettes filled with 2-5 M 
potasium chloride, but sati recardings have 
only been obtained with electrodes pomsesaing tips of 
about 0-54 or less in external diameter. Very few 
such electrodes are free from large tip potentials; 
but some satisfactory recordings have been obtained 
from the muscle in situ, using selected electrodes. 

The animal was opened and the muscles of one side 
cut through leaving the byssus attached to one anterior 
byssus retractor muscle in one half of the shell. The 
shell was mounted horizontally and filled with sea 
water, and tissue covering the anterior byasus retractor 
muscle was carefully cleaned away, leaving the muscle 
exposed. The ing electrode was connected 
direct to the grid of a cathode follower (8 BS7 selected 
for low grid current) through a silver—silver chloride/ 
sea water—agar bridge. The sea water in the shell was 
earthed via a similar bridge. Calibration voltages were 
applied across a 50-ohm resistor between earth and 
the shell. Signals from the muscle were taken 
through a d.o. lifler and displayed on a pen-writing 
oscillograph. Manana potentials recorded fell 
within the range 80-50 mV., but potentials from the 
same muscle were within a of 7 mV. or lees. 
The mean value was 39 + 2mV. (J.E. of 14 observa- 


tions). ` 
. D. H. Pavor” 
Department of Zoology and ° 
Comparative Physiology, 
The University, 
Birmingham. 


Effect of Size of Pupil on Visual Acuity 


Dewrown! has that a poesible function of 
the pupil light reflex might be to provide apertures 
optimum for visual acuity at different light intensities. 
At low levels of luminance visual acuity is probably 
limited by the rate at which light quanta activate the 
retinal receptoret, and thus a pupil admitting the 
maximum amount of light would appear to be advan- 
tageous. As the luminance is increased into the 
photopic range, loaa of image contrast due to optical 
aberrations, diffraction, and stray light also tend to 
limit visual acuipy, although the fineness of the retinal 
cone mosaic may” ultimately become the limiting 
factor. The decresse in pupil size which normally 
accompanies increase of illumination should reduce to 
some extent the deleterious effecte on visual acuity 
of the optical aberrations. However, it has never 


> e 
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been shown that the actual response of, the pupil 
reflex to a given steady luminance does in fact result 
in an giving maximum spatial resolution at 
this luminance. It was therefore decided to determine 
experimentally whether an optimum aperture existed 
at each luminance-level, by measuring the relations 
between pupil size, luminance, and visual acuity over a 
wide range. 

In these experimenta the pupil was dilated by 


instillmg 2 per cent homatropine hydrobromide _ 
j i sac. The instrument used to. 
measure visual acnity at different luminances consisted . 


into the con} 


of a tube 33 om. long and 8 om. in diameter. At one 
end of the tube was placed a disk, carrying apertures’ 
1-8 mm. in diameter at 0-5 mm. intervals, which could 
be placed close to the eye so as to act as a variable 
entrance pupil. Close to this artificial pupil was 
placed an adjustable neutral wedge filter. At the other 
end of the tube was situated a circular ground-glass 
soreen, subtending an angle of 5°, which was ilumin- 
ated by an opal tungsten lamp of colour temperature 
2,800° A. Luminanoes were measured with an S.E. 
photometer (ford) that was checked periodically 
against a calibrated standard lamp. 

To measure visual acuity, a test pattern was placed 
in a holder in front of the ground-glass screen. The 
test pattern finally adopted contained a series of grating 

with lines of different seperation, each grating 
consisting of three opaque bars on a translucent 
background, the seperation of the bars being equal to 
their width. All the different patterns idan rt 
same time, avoiding the necessity of changing the 
pattern between each reading. The subject was 
instructed to look at a given pattern and then to 
mereaze the luminance by moving the wedge until the 
separate lines of pattern were just discriminated. Only 
vertical lines were used so as to eliminate the effects of 
uncorrected astigmatiam. Lenses could be placed close 
to the eye to correct for refractive errors and also to 
allow for the proximity of the test pattern. The four 
subjecta used were experienced at making visual 
observations of the type occurring in these experi- 
menta. 

The results from a single typical run are shown in 
Fig. 1. Each curve represents the lowest luminance 
at which a given test pattern can be discriminated at 
vazious pupil sizes. For example, the largest test object 
used subtended an anglebf 5-7 min., and it is clear that 
With increase of pupil diameter the test object is 


trad ad Qe 
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perceived at successively lower luminance-levels up 
to the maximum pupil mze of 8 mm. However, for 
smaller test objecta the minimum luminance occurs at 
pupil diameters leas than 8 mm., and with reduction 
of test object size the optimum pupil diameter de- 
creases progressively from 8 to 2mm. All the curves 
show a rapid increase in threshold lummance as the 
pupil diameter is decreased below 2 mm., presumably 
due to the dominance of diffraction effects.‘ 

The smaller test patterns show a well-defined 
optimum pupil size, the threshold luminance increasing 
rapidly for pupil sizes on either side of this optimum 
value. For large test objects, the optimum pupil 
size is leas well defined, and for even objects, 
involving perafoveal vision, the threshold will still 
be decreasing when the maximum available pupil 
diameter of 8 mm. is reached. 

The results in Fig. 1 are from subject A. H. G. (age 
23 years). Three other subjects, F. W.C., J. G. R., and 
R. R. (ages 35, 22, 26 years respectively) gave aimilar 
curves. To determine whether the type of test target 
influenced the resulta, F. W. O. performed two runs on 
each of three different targetas (Landolt C, multi-bar 
grating, and three-bar grating). The optimum pupil 
Bas sean: foumd to ba indenennenh of the eyes of test 
target, but as the three-bar grating ved to be 
most bdnvenients thie was usd far ihe. cemalbing 
subjecta. Three runs were performed on A. H. G. and 
two each on J. G. R. and R.R. The mean optimum 
pupil sizes for these thirteen trials on four subjects are 
shown in Fig. 2, the means being taken over syfoossive 
units of 0-5 log luminance. The vertical lines indicatd 
the standard error of each mean. 

Reeves* and Crawford: have published meesure-' 
ments giving the natural pupil mize (with binocular, 
viewing) at different luminance-levels, the subjecta 
being fully adapted to each level. Their mean resulta, 
for seven and ten subjects respectively, are shown, by 
the broken lines in both Figs. 1 and 2. The difference 
in their mean value # more marked at low laminanoce- 
levels, and may well be due to the dependence of 
maximum pupil size on age". In Fig. 2 the mean 
optimum pupil sizes dgtermimed as above can be oom- 

with the mean natural il sixes as measured 

y Reeves and Crawford. though only a small 
number of subjects was used, the correspondence is 
good. We therefore conclude that the human pupil 
light reflex subeerves the useful role of adjusting the 
aperture of the eye so as to optimize visual acuity 


over a wide range of luminance. 
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With the evidenoe at present available, it is difficult 
_ to decide whether the performance characteristics of 
the light reflex have been determined genetically by 
natural selection or by modifloation resulting from 
experience in each individual. Direct correlation 
between optimum pupil size and attained pupil size at 
different luminance-levels in & series of individuals 
might indicate the origin of the performance charac- 
teristios of the pupil. 
Bome of the apparatus used in this work was 
lied by granta from the Royal Bociety and the 
. H. Ross Foundation. 
F. W. Camps. 
A. H. GRæaoRY* 
Physiological Laborstory, 
University of Cambridge ° 
* Present addres: Department of Psyohology, University of Hull. 
1 Denton, I J., J. Gan. Physiol., 40, 201 (1056). 
3 Pirenne, M. EL, and Denton, H. J., Neture, 170, 1080 (1064). 
3 Shiner, B., J. Gea. Physiol., 21, 165 (1037). 
4 Letbowtta, H J. Opt. Soe. Amer., 42, 416 (1062). 
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RADIOBIOLOGY 


Labilization of bonucleic Acid in 
Thymus Nuc n after Whole-bod 
Pt radiation 


Tum effect of total-body irradiation on the nucleo- 
in the sensitive organs can be demonstrated 
a decrease of the viscosity’. Besides this, it has 
been shown that there is also a “‘labilisation of deoxy- 
ribonucleoprotein-moiety’’* after a total-body irradia- 
tion and probably “the chromosome breaks may 
ee ee eee ee 
To explain the effect of irradiation 
mucloopotcng tis probably nowwwary to orc 

A mova the binding between the 
nucleic acid and the protein before and after irradia- 


tion. 
The work of TE deen a 
According to this deoxyribonucleic acid oan 
be extracted from tissues with 90 per cent phenol 
only in the presence of certain anions. These anions 
apparently break the bivalent metal lmikages between 
the acid and protein. A small yield of deoxyribonuoleio 
acid oan be obtained with water; at increasing salt 
ons there is an a 
A AiE asi esta te cela 
Mis peen enon has eae det le ceo ark 
I eet measure of the firmness of binding the deoxy- 
uoleic acid to its 
Rats of an inbred strain of our own were irradiated 
with 200-kV. X-rays (10 m-amp., 210r./min.). Desired 
tissues were taken immediately efter decapitetion, 
ocoled on solid carbon dioxide, weighed, homo- 
genized with nine volumes of ice-cold water. To 
2-ml. aliquots of the homogendte were added 2 ml. 
of trichloracetate of different concentrations (0-10 
per cent). After 30 seo., mil. of 90 cent phenol 
were added and tho mixturesves shaken for 2) min. 


| deoxyribonucleic acid’, as the extraction of 
the thymus with 5 per cent trichlorgoetio acid 


* 1123 


Table 1. AMOUNT OF DBOXYRIBOMUULEIO ACID EXTRACTABLE TROK 
THE THYMUS OF THE Bat WITH PARWOL-TRICHLURACETATE (MGM, 
ACID YER Gu. TISSUS) 





hr, 
800 r. 


12 


BABS we 
Wr Rpm 
He EEE H+ HH 
OHOn 
WAKE ew 
° 








Tabh valus represents 12-21 animale with standard devistion. 


‘according to, Schneider's method! gives no con- 


siderably higher acid values. 

Table 1 presents the yields of deoxyribonucleic 
acid from normal thymus. After a whole-body 
irradiation, considerably more acid can be extracted 
from the thymus, especially with the more dilute 
trichloracetic acid solutions. 





in extractions of thymus 
irradiation 


Fr vegi pa 
E penam 9 a maiin t 14-21 animals; single points 
Fepresen > po 


represent throe 4 aoid finel cononn 
inn Eis e Pa) ---O---, 1-0 per cent trichloracstlc 
acid, 800 r.; ---Q@--~, 1-0 per om 
t00 r.; ——-@—-, 0:5 per omt acid, 800 r 
-.~.- © —.—.—, 0 5 per cent tiriohloracotio acid, 200 r. 


The time relationships are more fully illustrated in 
Fig. 1. Simcoe the total deoxyribonucleic acid per 
gm. of tiame changes after irradiation, the yield of 
deoxyribonucleic acid extracted with 0-5 and 1-0 
cent trichloracetio acid is Galculated as 
of the total deoxyribonucleic acid. After a lag pertod 
of about 1 hr.; the yield moreases for about 6 hr., 
after which it remains constant or decreasen slightly. 

The increase in yield of deoxyribonucleic acid 
extractable with dilute trichloracetic acid is de- 
pendent on the dose of irradiatio. Table 2 demon- 
strates that the thymus of rata irradiated with as 
little ag 50 r. differs significantly from that of controls. 

The observed effect can be explained either by a 
break or weakening of some bivalent metal linkage 


Tables 2. Yury OF DEOXYRIBONUOCLMIO ACID IN Rxrmictions oF 
Tarmcs 6 IR. aFvran WaoLn-popy IRRADIATION WITH PAWNNOL- 
. TRIOHLORAGCETATE 
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between deoxyribonucleic acid and protem, as sug- 
gested by Kirby‘, or by a higher concentration of 
deoxypolynucleotides in the thymus. As the increase 
of deoxypolynuclootides has been observed only for 
a short period after radiation", whereas the increased 
yield of deoxyribonucleic acid remains constant for 
ike ee a 

To obtam further evidence on this pomt, 
fea nance was extracted from the thymus with 
1M sodmm chloride, precipitated by dition to 
0:14 M sodium chloride and used for further treet- 
ment with phenol-trichloracetic acid. As will be 
published later in detail, a sumilar irradiation effect 
can be observed as in the whole organ. From thymus- 
nuclechistone, prepared from animals 6 hr. after 800 r., 
50 per cent of the deoxyribonucleic acid is extracted 
in 0-5 per oent trichloracetic acid, whereas from 
nuclechistone of normal animals, only 10 per cent 
deoxyribonucleic acid can be obtained in 0-5 per cent 
trichloracetio acid. - This mdicatee a labilization of 
the deoxyribonucleic acid from the protein, probably 
due to a break in bivalent metal linkages. 

This labilization occurs in an early post-nradia- 
tion period, that is, 1-6 hr. after irradietion. Histo- 
logical observations demonstrate death of some cells 
at this time, although the weight of the organ and 
the deoxyribonucleic acid content per gm. of tissue 
begm, to decrease later, namely, 6-10 hr. after irradia- 
tion. It seems probable that the labilization of deoxy- 
ribonucleic acid from protein occurs prior to histo- 
logically observable death of a cell. The distinct lag 
period of 1 hr. before labilization begms, however, 
suggeste that some other in the nucleus 
are involved with it or responsible for it. In par- 
ticular, mies lity must be mvestigated of a 

tion of the deoxyribonucleic acid 


te am indebted to Dr. R. N. Feinstein, of the Argonne 
National Laboratory, Lemont, Illinois, for helpful 
comments and corrections of the text. 
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Localization of a Halogenated Porphyrin 
in Mouse Tumours 
Souwartz 6t al. observed that certain commercially 
obtainable hamatoporphyrin preparations were oon- 
taminated by a porphyrin capable of becoming local- 


ized in ental tumours", and that pure hem- 
atoporphyrin was unable to do so. These findings gave 
the impetus to the present work on ogenopor- 


phyrins. The premuse on the basis of which halogeno- 
porphyrins were choeen was the sasumption that the 
aforementioned impurity representa an intermediate 
formed in the course of the synthesig of hemato- 
porphyrin from hamin. One smh intermediate 
could be bis-(2-bromo-ethyl)deuteroporphyrin. Since 
` iodine-131 is a more convenient isotope for the 
of labelling than isotopes of bromine, the 
‘181-labelled analogue was synthesized. 
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When given parenterally, bia(2-iodoethyl-1%" 1) 
deuteroporphyrin became localized selectively in trans- 
planted adenocarcinomate of Dbal mice and in spon- 
taneous mammary adenocarcinomata of O3H mice. } 
This conclusion is based on the following experimental 
findings, All tumours when examined 6 hr. after 
injection or later exhibrted the red fluorescence 
characteristio of porphyrins; the fluorescence was 
non-unrformly distributed within these tumours. In 
contrast, none of the other tissues exhibited this 
phenomenon. Although extracts of organs from mice 
injected with bts(2-10doethyl-1"I)déuteroporphyrin. 
contained no porphyrins, radioactivity, Srebaliy due 


- to products of porphyrm catabolism, was found to be 


present. When tumours or other tissues were extracted 
with a mixture of ethyl acetate/acetio acid (4:1, 
viv), only the extracts of tumours contamed detect- 
able amounts of a single porphyrm. This porphyrin 
was identical with 61s(2-iodoethyl-!*I)deuteropor- 
phyrin with respect to ite specific radioactivity. 
Furthermore, when the aforementioned tumour- 
extracta were chromatographed on paper strips and 
the developed chromatograms scanned for radio- 
activity, the radioactivity of the porphyrin-contain- 
ing spot accounted for all the soctivity initially 
placed an the strip. 

When sections prepared from a transplantable 
mammary carcinoma were exgmined after fixation 
in formaldehyde and after removal of paraffin with 
benzene, fluorescence typical of porphyrin was 
observed within the tumour oells. In the limited 
number of observations made, fluorescence was found 
to be present only in intact tumour cells. 

The mechanism underlying the selective acoumu- 
lation of bis(2iodosthyl-)deuteroporphyrin in 
the tumours studied remains to be established and is 
now being investigated. 

This work waa performed under contract with the 
United States Atomio Energy Commismon at the 
University of Rochester Atomio Energy Project, 
Rochester, New York. 

K. I. ALTMAN 
K. 8aromon 
Departments of Radiation Biology and Bi 
University of Rochester School of Medioine and 
Dentistry, 
Rochester, 
New York. 
Schram 8 ue tee ft Vermund, H., Univ. Minn. Med. 
gS i cae 1056 (General Mile Ino., Minneapolla, 


Synthesis of ino o hopyridine Nucleotide, 
rradiated Rats 


Wan suspensions of nuole: from thymus or 

læn are incubated tn viro, adenosine mono- 

phosphate in the huclei is phosphorylated to the 
tcinhoaphatet. This phosphorylation appears to be 
abolished following lew doses of X- or y-radiation, 
given either in viro or in vivo’. However, the net 
synthesis of diphosphopyridine nucleotide in vivo 
folowing mtraperitoneal mjèction of 0-5 gm. niootin- 
amide/kgm. (ref. 3) was “not abolished when rata were 
exposed to X-radiation in doses up to 1,500 r. 3-60 
min. before nicotmamide mjection (Table 1); m 
these e ents, the pyridme nucleotide content 
of the Hos cae was measured by the aloohole 
dehydrogenase method‘. Since the synthesis of this 
nucleotide is restricted to the nucleus of the.oall* and 
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Table 1, IXORIASE Oy COYCENTRATION OF DIPHOSPHOFYRIDINE 
NvcuboTmpm (DPN) of Bat Trsecms 2 HR. AFTER [KJECTION OF 
NIOOTIN AMIDE 

Inerease in conosntrabon 

(mmol DPN/100 gm. tease) 

OContiol After 

o ure 
to 1,560 r. 
Liver 135 0 469 1244041285 
Speen 21:3 414 wlL+ 13 
us 844407 814 18 





requires adenosine triphosphate, the above result 
that appreciable amounts of adenosine 
triphosphate are still available to the ocell nuclei 
during the first two or three hours after irradiation. 
The absence of phosphorylation in viro following 
irradiation? might be due to diffumon of nucleotides 
and other water-soluble materiale, for example, 
catalase’, from the irradiated thymus and spleen 
nuclei into the suspending medium. An analogous 
logs of nucleotides and soluble enzymes does m fact 
occur during the isolation of nuclei from non- 
Irradiated liver cells’ and 1a probably responsible for 
the reported absence of nucleotide phosphorylation 
from suspensions of normal liver nuclei’. 
D. K. MYERS 
Biology Branch, 
Atomio Energy of Canada, Ltd., 
Chalk River, Ontario. 
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HÆMATOLOGY 


isolation of Material with Proactivator 
Activity from Human Serum 


In the scheme proposed by Astrup! to represent 
the stages in the activation of human plasmimogen to 
plasmin by streptokinase, the substance designated 
“‘proacgjivator’ has hitherto been a hypothetical one, 

. postulated to account for certain observations made 
by Astrup and his oo-workers, but never isolated by 
em. American workers, notably 
herry ¢ al.4, have doubted the 
existence of proactivator, pointing 
out that all procedures available for 
the purification of human plasmine- 
gén result in parallel purification 

of the proactivator activity. Abl 
and Hagan’ think that proactivator 
and plasminogen are ey, iden- 
tical. 

By a proceas of adidificatoon of 
serum to pH 3-3, followed by ether 
extraction after neutralization, we 
have obtained material (‘A.E.8.’) T 
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We have found Astrup and Mullertsz’s‘ bovine 

fibrm plate method convenient for studying this 
material. Spotted on the fibrin plates by itself, it 
produces no lysis of the fibrin, that is, it does not 
activate the bovine plasminogen present in the fibrin, 
nor is it of itself proteolytic. On addition of strepto- 
kinase to the material, however, ıt causes marked 
lyss of bovine fibrin (Fig. 1). This activated material 
is not proteolytic for casein, showing that plasminogen 
is absent. Further proof that plasminogen is absent 
is given by the fact that addition of urokinase 
does not result in the appearange of proteolytic 
activity which would occur if plasmmogen were 
present, as urokinase is a direct activator of plasm- 
inogen. 
The bulk of the proactivator activity is precipitated 
by 40 per cent saturation with ammonium sulphate. 
The material obtained forms a very fine suspension 
on dialysis against distilled water, and does not go 
into solution on adjusting the salt concentration 
to 0-15 M sodium chloride. However, the greater 
part of the activity dissolves in borate (0-05 M) 
buffered saline at pH 7-4. 

Following activation with streptokinase, the activa- 
tor activity 1s also precipitated by 40 per cent satura- 
tion with ammonium sulphate, but the activator 
precipitate is highly soluble in borate (0-05 M) 
buffered salme pH 7 4. 

Proactivator prepared in this way is an extremely 
stable substance, withstanding boiling at pH 1-5 for 
30 min. without logs. Prelimmary data suggest it is 
a cholesterol-containing protem. Activator 18 much 
lees stable than proactivator, and is most stable 
in the pH range 6-0-9 0. 50 per cent of its activity 
is lost at pH 7-5 in 3 hr. at 37°C. 

Tentatively, it is suggested that proactivator is 
activator bound to an inhibitor, the inhibitor being 
cholesterol or a lipoprotein containing cholesterol. 
This may provide support for the hypothesia that 
lipoproteins have an inhibitory effect on fibrinolysis! 
and an explanation of the obesrved inhibition of 
fbcaclysia by alimentary li 

Thanks are due to the director of the South African 
Institute for Medical Research (Dr. James Gear) and 
to the deputy director (Prof. J. F. Murray) for their 
enoo t and help in this work. Thanks are 
algo due to Dr. A. Zoutendyk of the Serum Lahgra- 
tories for abundant supplies of human serum, to 
Dr. J. Ploug (Leo Pharmaceuticals, Copenhagen, 
Denmark) for & generous gift of urokinase and to 
Mr. M. Ulrich for the photograph. This work was 
carried out with financial aid from the Council 
of Scientific and Industrial Research, Pretoria, 
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South Africa, with the permission of which it is 
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Serum Iron and Total Iron-binding Capacity 
in Certain Mammals 


; Dara in the literature concerning transport of setum 
may be directly 


In previous workt, we studied eerum iron in six 
species of mammals and in hens. 

It is well known how iron travels bound to a 
fraction of -globulins (siderophilin or transferrin), 
_ and how its concentration in serum may be expressed 
as the maximum TART le of being bound 
{total iron-binding capacity man it amounts to 
coat 840 por oentt and in abeotuto values repr 


senta 0-2-0-32 go per teins’. Human 
serum normally ite dies saturated only 
logioal cases ex- 


to 80-40 ees omg 
pane. sce aie certain conditions 
oein ste) Pai of a: 


philin is also clearly increased. 

Woe have studied serum iron and the total iron- 
binding capacity m eight mammal species, human 
included, using Ramsay’s teghniques‘,* and the 


Tabie i Avmags Valums FOR SIRUM IROX, TOTAL mox-Borpwe Capacrry (TIBO) AnD 80* wira 
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resulta obtained- are given in“‘Table 1. The differences 
between average values have been submitted to a 
test of statistical significance (Student's t). 

Thanks to statistical analysis it has been poasible 
to show that serum iron does not show any inter- 
"sexual or interspecific differences which are significant. 
But it must be ted out that an intersexual differ- 
ence in sheep is signifloant ; ee ee 
it for want of homogeneity in the ages of the males. 

_ On the contrary, in the values the total 

iron-binding capacity, there exist evident differences 
“between. species. The comparisons sexes in 
each species have not proved statistically significant, 
and for this reason the values for males and females 
have been mixed up in order to cerry out the inter- 


specific comparison. 
The values for total iron-b capacity in the 
porame species give an average 476-8, per cont, 


Whioh. proves matistioally significant when compared 
with the other species. 

We nay alao cond ouh ihe low. vines ohien th 
donkeys, with an average of 268y per cent which is 
also significant as regards the other , except in 
mules. Goats have given, however, lowest values 
(288 per cent), but due to the lack of data about 
the males, goats have not been included in the 


This, aiftancaseen baiwoan this average: malaa oi tiie 
total iron-binding capacity for cows and man, and ` 
for man and mule, are also 

A comparison between species of the corresponding 
saturation coefficient for serum iron proves significant 
anly in the case of porcine species. 

We therefore have a series of mammals, several 
of which show speciflo values of total iran-binding 
capacity, although their serum iron cannot be 
statistioally differentiated. These differences in the 
total iron-binding capacity must be attributed either 
to quantitative variations of a definite siderophilin 
or to the existence of specific siderophilins, which 
would not constitute any exceptional fact if we 


BLANA VALLUM, 


CORRESPONDING 
YPIOAL DEVIATIONS AKD HRRORS OF THE AVERAGE FOR THE SPECINS CONCERNED, WITH SEPARATION OF BEXES, SHOWING NUMBER OF F SPEC 

































































In Bion GROUP 
Males Females 
TIBO 80 No. Serum iron TIBO - 80 
y Fe y Fe (per omnt) per cent y We (par cent) | y Fe (per cent) Per oent 
101-4 + 11-4 iar 2974+34 5 119 0 + 139 3524 4 142 $404 3-7 
(78-135 (322—390) (21. 8) „(87—168) ( 9 (25 0) 
O ~ 23 a = 25-0 gm 69 o = 26-0 o = 28- am 7% 
496-5 + 26-6 eds hey & Re 453-2 3 50-8 24-0 gt 1-0 
(37 (18-1 8) (75— pz) (&1 1-£7°7) 
ao = 58: om 44 om 23 o = 101-6 g= 2-1 
he 38:3 4389 8 mgt 4:7 366-7 + 34-0 te oe ie 
oz ae (27-7462) (6 7 ) (13 8) 
- ow 7-8 g = $i. o ~ 885 a =1ið 
Sheep 114:8 44460 5 186-4 + 8-3 291 8 + 16 5 477 +480 
Gooise) miun (244-814) iE) (243836) (34-8-80-6) 
om 10 g = 91 0 o m 13-3 o=16- o = 33-1 o=101 , 
Donkey & 866+ 4:5 253-8 38 $4:141°8 5 88041465 272:5 + 19-8 81-3 “i 33 
(80-100) aaien) (28 -2-38 -1) (50-1 ¢ 2 ag p 
om 9-1 a = om 3-8 d = 28 om $9 
Haqutne 5 110:8 +110 328-4 + 20 6 34-74 4°55 5 104:2 + 11-1 331 
(78-140) (274402) (18-1 4) (06-186 saasaa is 
o m 28-1 | om 412 gm 91 om e | “ad PET 
Kole 7 1o 5 9:7 204-4 + 18-6 37°8 + 4-5 7 105-7 6-9 T 276-6 0 : 
96-163) pasion (48-1822) < (QB-188 Gina) (a2 0448) 
oes =: a = 10-8 am 16- = om 48 5 
Goes 5 1034 $ 8-4 (80-420 os 3 taa) 43 
z CE io 
g X ee - 











* 80 — Beram iron x 100/total fron-binding capactty. 
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consider the existence ef different genetic forms in 
mans”, 


Joss PLANAS . 
Sraotio DE Castro ` 
Laboratorio de Biologia, f 
Facultad de Cienoias, 
Universidad de Valladolid, 
Spain. 
1 Planas, J., and do AAT Jomadas ere aes 
(Baresiona, Mayo, 


nes). O. A BAAT “Le Fer” (L'Hxpansion, Paris,- 


Ss, One Du. “Mlaonitorochial"; 108 (G. Thigmo, Stuftgart, - 


‘Ramsay, W. N. W., Clin. Chim. Acts, 2, X14 (1057). 

1 Ramy, W. N. M., Oha. Chim, Acta, 8, T21 (1957). 

* Bmithies, O., Wetwre, 180, 1482 (1957); 181, 120@ (1058). 
"Haria; ee args, M Di ae, Rin Mn eee 1a Oe 


Chromatography of Blood Thrombokinase 
on ‘DEAE’-Cellulose 


THROMBOKDINASE, prepared from bovine plasma, 
has been obtained in s highly purified state by re- 
peated electrophoretio fractionations!. However, a 
more efficient method was promised by anion- 
exchange chromatography, provided that the kinase 
could be separated from its accompanying impurities 
by stepwise elution in one day’. 

Fig. 1 illustrates an expl ment in 
ee ee ne T e 

a column of 2 gm. ‘DEAK’-celluloge. 
emerged in the last major band to 
be eluted ae a series of potassium phosphate solu- 
tions. This opened up the possibility of recovering 
the kinase without appreciable dilution, if it were 
displeced by a strong eluant after protein i 
had first been removed by a weaker eluant. 
experiment is presented in Fig. 2, where more than 
90 per oent of the kinase in the original 19-2 ml. 
was recovered in the 20-5 ml. of the two best fractions. 
This was the product from 19-2 litres of plasma. 
Protein was estimated by the method of Lowry 
a al.4; and the total recovery was 91:3 per cent of 
the 44:4 mgm. put into the column. 

The thrombokinase so obtained was diluted for 
some tests and dialysed for others, to avoid mter- 
ference by phosphate. It could activate prothrombin 
in the presence of oxalate’ ; but it was much more 


uch an 
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Thrombokmase in 
M te, PH 7:88; 0,10 Mt 
20 


Be B of 

‘phosphate, pH 
effective ‘when acco ipsa cephelin 
and bovine barium cata ee the 
lattar pated, tha poak kinases FENIG OF Wig. 2 wes 
assayed at a dilution of 1 to 1,200,000, corresponding 

a protein concentration of 0:00088 ugm. per ml. 
This. kuasa noir of che fraction owas 103 times 
that of the working standard. Because of the hgh 
dilution, and for other reasons", the assay cannot be 
considered precise. Nevertheless, the coincidence 
of protein and kinase data im the second band of 
Fig. 2 suggesta an approach to homogeneity. 

This suggestion is furthered by a comparison with 
the resulta of continuous-flow paper electrophoresis. 
In a third serial run by that method, almost all the 
protein appeared in s single peak!. There was a close 
correspondence of the data for protein and kinase, 
and also for tosyl-argmine methyl ester esterase, 
indicating that tosyl-arginine methyl ester is a sub- 
strate for thrombokinase. For the five chief fractions, 
the data for esterase unite* per mgm. protein were 
829, 359, 338, 333 and 325, with an average value 
of 337. Corresponding data for the two chief kinase 
fractions of the present Fig. 2 were 349 and 345. 
Although the agreement is good, further tests for 
homogeneity will be desirable, particularly since 
the method was designed for preparative 
isolation rather than analysis. For the presen®, it 
may be noted that about the same amount of thrombo- 
kinase at this degree of purity wea obtained in the 
experiment of Fig. 2 in one day as was previously 
obtained by electrophoresis, applied to the product 
from 738 litres of plasma over the course of several 

Tosyl-arginine methyl ester esterase also oocurred 
in the first band of Fig. 2; but this was associated 
Pe ee ee ee 
but not the second. Thus, the separated 
thrombin from thrombokinase. ea hacmony ih the 
findings of others‘, the tosyl-arginine methyl ester 
esterase assogiated with thrombin was not inhibited 
by crystallized soy bean trypem inhibitor at a con- 
centration, of 1 mgm. per ml. 

In parallel testa, the tosyl-arginine methyl ester 
esterase of the kinase band was mostly, but not 
quite entirely, inhibited. It has previously been shown 


that the inhibitor suppressed activation of 
prothrombin by blood thrombokinase in the presence 
of oxalate’. The general anti-thromboplastic effect 


of the inhibitor in the presence of calcram has long 
been known'; and recently rt has been reported’ 
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that thromboplasim-generatmg systems exhibited 
tosyl-arginine methyl ester esterase activity which 
was markedly inhibited by soy bean trypsin inhibitor. 

It appeers that thrombokinase, as deecmbed here, 
is an enxyme with some resemblances to trypsin.. Its 
properties offer 46 i correlation for many 
diverse observations. The manner m which 


or platelet material augments the effect of thrombo- . ` 


kinase is not completely understood. However, it 
is well to recall the suggestion of Macfarlane’: ‘It 
is possible in fact that oephalin, supposed by various 


workers to represent ‘pure thromboplastin’, is no ' 


more than a cofactor with calcium and a proteolytic 
enzyme (thrombokimase), potentiatmg the digestion 
of prothrombin and release of thrombin”. 
Nadia Oulianoff, Harriet F. Brown and Thomas R. 
Saxton assisted in this investigation, which was 
supported by Research Grant H 3906 from the 
National Heart Instrtute, U.S. Public Health Service. 
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PATHOLOGY 


Mast Cells and 5-Hydroxytryptamine in 
Precancerous Mouse Skin 


A ocunrovs feature of carcinogenesis in the skm 
of the mouse is the intense mast-cel] reaction which 
gradually develops in the dermis immediately under 
the painted hyperplastic epidermis. Cramer and 
Simpson! observed that some of these new mast 
cells exhibit a golden-brown fluorescence in ultra- 
viotet light, providing that the frozen section has 
algo been treated with formaldehyde. 

Mast cells in the mouse (and rat) nprmally contain 
not only histamine’ but also 5-hydroxytryptamine’. 

suggested that the golden-brown fluorescence _ 
exhibited by some mast cells, in formol-fixed sections, 
may indicate an abnormally high content of 5- 
hydro tamine. 

Attempts to localize the 5-hydroxytryptamine in 
Pre-cancerous mouse skin by direct assay of tissue 
shoes, though giving only a rough guide to the 
location of the amine (Cass and Riley, unpublished 
work), suggest that it occurs predominantly in the 
upper dermis. In the present work, histochemical 
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Fig. 1. Pingresoetit maat calia AE Dans OF mpo: AKIE papiloma, 
x 
Fig. 2. Same fski stained with toluidine bine. (x 400) 


methods applied to sections of precancerous mouse 
akin demonstrate with precision that the 5-hydroxy- 
tryptamine is concentrated in the granules of those 
mast oells which exhibit primary fluorescence in 
sections in fixed formol. 

The dorsal skin of albino mice (Tucks) was painted 
on two occasions seven days apart with 0:5 per oent 
9: 10-dimethyl-1 : 2-benzanthracene dissolved in 
acetone. Animals which developed uloeration of the 
skin were discarded : the remainder recoveredealmost 
completely from an imitial epilation and gradually 
developed papillomas or carcinomas over the next 
eight months. Animals were Killed at varying. 
intervals by oervical dislocation. The skin waa fixed 
ın formol-salme, formolcalcium or formol—dichromate 
buffered to pH 6. Frozen and paraffin sections were 
examined either iÅ ultra-violet light (Leitz primary 
filter, 4 mm. U.G.1, secondary filter 3-5 mm. Huphde.) 
for fluorescence or ig visible light after staining with 




















Table 1 
e 
e 
Toluidins New methylene Alkahns Indophspol | Sohmoil | Fluorescence 
reaction blue bius draxonimm 
Procancerots mast cell granules | + (faint) +++ +++ ++ ++ ++ +++ 
matio golden 
Normal mast cell granules +++ +++ e S - _ = 
me 
++ +, Strong reaction ; ta 
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one of the following methods : toluidine blue, New, 
methylene blue, with Garnet GBO salt 
or fast red TR at pH 9-2, treating with 2: 6-dibromo- 
gaenen e (mdophenol reaction’) or with 
chmorl’s foerri-ferricyanide mixture‘. 

sensitive histochemical method, though not entirely 
specific for 5-hydroxytryptamine, was the Schmorl 
reaction applied to formol-calcium-fixed sections. 
However, it was often possible to apply more than 
one technique to the same section and so demonstrate 
convincingly that the specific staining reactions, 
described below,*do occur in mast oells and not in 
other types of dermal cells with cytoplasmic granules. 
The results, which will be published in detail else- 
where, are summarized in Table 1. The methods 
referred to, except the chromaffin reaction, were all 
performed on formol-oalcium fixed’ material. 

The above findings, together with the resulta of 
direct assay (Cass and Riley, unpublished work), 


indicate that 5-hydroxytryptamine is concentrated ` 


in the mast cell granules. The number of positive- 
cells incredeses during the induction period. A strongly. 
positive reaction is most commonly seen in mast ocells ` 
at the base of papillomas (Figs. 1 and 2), though a 
positive mast cell is oocasi . seen elsewhere in 
the treated dermis. It is thus clear that the high level 
of 5-hydroxytryptamine in precancerous mouse skin 
is due not only to an increase in the number of mast 
cells in the area but also to a progressive increase 


in content of 5-hydroxytryptamine in certain of 


these cells. 
R. E. COUPLAND 
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J. F. Ruwy 

ee of Radiotherapy, 

Royal Infirmary, 


ee April 25. 
1 Qramer, W., and Stimpson, W. L., Cancer Ree., 4, 601 (1044). 
‘Riley, J. F., and West, G. B., J. Physiol. (Lond.), 190, 828 (1053). 


‘G., "Microscopio Histochemistry”, 128 (Untv. Chicago Press, 


1968), 
* Pears, A. Theoretical] and Applied”, 


second odit., R$ (Ohmi 1960), 


A Transplantable Spontaneous Osteogenic 
‘Sarcoma observed in the Muscle Tissue 
% of an Albino Mouse 


OSTHOGANIO sarcomas attached to bone tissue have 
. Deen reported in animals of different species. In 
1986, Brusse? described a oase of spontaneous osteo- 
genic sarcoma in the jaw of a three-year-old grey 
rabbit. Barrett et al. reported an osteogenic sarcoma 
attached to the left femur of a OBH female mouse. 
ic sarcomas have also been induced by radio- 
130 such as radium-226, stgontium-90, calcium- 
45 (ref. 8) and strontium-89 (ref. 4). One case of 
osteogenic neoplasm arising from muscle tissue has 
been reported in man’. This tumour found in the 
thigh muscle had developed’ over a period of ten 
years and was believed to have followed an abscess 
in the muscle. 
- The tumour to be described was found an the soft 
tissue of the lateral neck region of a full-growh female 
mouse from our breeding colony. This colony was 
derived from OFI mice of Carworth Farms. The 
e 
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_ host was a multi 


The ‘most.. 
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us mother 4) ximately six 
months of age. neoplasm was situated between’ 
the muscle layers of the right sternohyoides and 
sterno-ocephalicus muscles and the skm. It was 
approximately 1 c.o. in volume. This tumour has 
been H-1. An attempt was made to 
transplant it into the same strain of mouse as the 
host. The neoplasm was excised and macerated in a 


‘sterile mortar, adding an equal amount of normal 
‘sterile physiological saline. An injection of 0-1 ml. 


of ‘fhe -suspension was made into the subcutaneous 


` tissues of the right hind leg of 5 male and 5 female 


mios. A satisfactory growth was obtained in 6 of 
the 10 mioe of the first generation. At eight weeks 
tumour tissue was removed from these mice for a 
second ‘transplantation using aseptic technique. 
Suspensions of the first-generation tumour found to 
be microbiologically sterile were injected into 16 
male and famale mice of the same strain. The growth- 
rate of the second generation tumour was increased 
and the tumour-take was 100 per cent. The tumour 
was removed at six weeks for resuspension and 
injection into the third generation. 

Histologically ‘the tumour presented the classical 
picture of osteogenic sarcoma with abundant bone 
formation. It is apparently as diffloult to determine 
the exact site of origin of osteogenic sarcomas in 
animals as in man. The primary tumour in this case 
did not seem to have groealy an intimate fusion with 
bons. For this reason, the actual site of origin of the 
tumour is uncertain. Studies are at present being 
made of the oytology, histology and enxymatic 
characteristics of H-7 as well as its transplantability 
in hom 


ogeneous and nga, heir host animals, 
detailed resulta of which will be published later. 


R. G. Huawe 
M. QBEEGORME 
` G. RONA 
Ayerst Research Laboratories, 
Montreal. 
2 Brace, A. M, Amer. J. Coe 28, 587 (1936). 
at. K., Dalton, A. 


J. E, end Greenstatn, J. P., 
A a Dalton. + Si tt Je 
crm AL. P, and Biskis, B. O., Unio Int. Comir. Cancer, 15, 09 


1 Skoryna, 8. O., ae ae 8., Cancer, 18, 306 (1050). 
* Vasikeecu, O., Hristu, O Tvaniteseu, G., Bull, of mem. Soo. ped. 
d. hop. FAren NETET 174 (1935. 


Treatment of Leishmania donovani 
Infections with Surface-active Agents 


‘Tarron W.R. 1889’, an arylalkyl poar bial 
ether of phenol, prepared by Rohm Rohm and Haas Co 
Philadelphia, is a non-toxic surface-active agent, and 
was shown to exert a suppressive effect in experi- 
mental tuberculosis of micet. ‘Macrocyclon’ is the 
polyoxyethylene ether containmg on average 12-5 

ethylene oxide unite per chain, formed by reaction 
phenol and 
possesses antituberculous activity’. 

ages vd gr iene soi tinge ag ACC it 
appeared that the same drugs might be of value m 
treating other infections, such as kala-azar, in which 
development of the infecting agent also occurs in the 
white cells of ths host. 

Twenty golden hamsters were infected intra- 
peritoneally with a strain of Leishmania donovani 
isolsted from an Indian seaman and afterwards main- 
tained by passage in these animals in which the 
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were made and the number of parasites per oil immer- 
sion fleld determined in amears of spleen. Intre- 

treatment with the two drugs named above 
in dosage of 125 mgm. was given on days 2, 5, 9 and 
15 after biopsy to groups of six animals and a similar 
number of untreated animals were used as controls. 
They were killed three weeks later and counts were 
again made of the number of i in spleen 
smears. Although no cures been effected the 
resulta indicated that the drugs had controlled the 
infection. 

A second was carried out in which 
thirty hamsters were mfected as before. Treatment 
with 125 per animal was started on the 
day of infection Tepate 2, 6 and 9 days later. 
Five animals received mmilar treatment with each 
drug in sbeence of infection and survived. The 
infected animals . were killed 8 weeks later and 
parasite-counts were made in smears of spleen. The 
results obtamed are shown in Table 1. 


Table 1. 
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‘W.R. 1339’ 
4 x 125 mgm. 
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In a further thirty hamsters were 
infected and intra treatment with 125 mgm. 
of each drug was given 4, 7, 11, 14, 18 and 20 days 
later. The animals were killed 7 weeks after m- 
fection. Five uninfected animals received similar 
treatment with eech drug and survived. The resulta 
obtained are shown in Table 2. 


Table 2. Lelzhmania denceani BODIES PER OD Dorso FOLD 





Tnton W.R, 1339’ 
6 x 125 mgm 
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Cultures were made from spleen on Locke-serum- 
agar medium and all were positive, showing that 
infection had been controlled but not eradicated as 
the result of drug treatment. 

Similar results have been obtained by Dr. F. C. 
Goble, Ciba Pharmaceuticals, Ltd, Summit, New 
Jersey, with ‘Triton-W.R. 1339’, and will be reported 


elsewhere. . 
J. D. FULTON 
National Institute for Medical Research, 
Mill Hill, 
ira London, N.W.7. ` 

1 Cornforth, J. W. P. D'A., Boet, B. 2 W., and Btook, J. A. 

Nature, 108, 150 (1081). 
* Comforth, J. W., Hart, P. D'A., Nicholle, R. J., Rees, B. J. W. 

and Bios, J A, J.P , 10, 73 


too, J. D., Ana. Trep. Afed. end Parasuel., 38, 147 (1044). 
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Delayed-type Hypersensitivity In 
Premature Neondtal Humans 


Ir has been shown! that guinea pig embryos could 
be induced to develop the delayed-type of hypersensi- 
tivity!. The possibility that the pramature new-born 
human could be similarly sensitized was therefore 
investigated. Successful sensitization of new-born 
humans to poison ivy has been reported!, 

Ten premature infants (average birth-weight 1,255 
gm.) and ftve neonatal infanta of normal weight were 
sensitized peroutansously during the first week of life 
with 0:02-0:04 ml. of a 10 per cent solution of 2,4- 
dinitrofluorobenzens im tone. As controls, five 
infants b&tween the ages of 2 and 12 months were 
similarly sensitized. 2—4 weeks later patch-testng 
was carried out with 0-01 molar 2,4-dinitrofluoroben- 
zene in corn oil—-acetons. The patches were removed at 
48 hr., at which time the reactions were read. 


Table 1. Oowtacr Smwarrivrrr TO 2, 4-DDSPrROFLUORO BIRT 
Drrasts 


or Humax 

Contact reactions 

Group Rweeks* 3-4 weekn* 

Infant (2-12 months) 5/5 Not done 
Full-term neonatal iit 2/6 
Prematore neonatal 0 3t/10 

WE ariar 1,800, 1,060 and 1,650 The first two of 
were 
these infants reserved two two senatising dosos nine days apart. 


As can be seen in Table 1, this sensitization procedure 
induced contact akin reactivity in all five of the older 
infanta, two of five normal neonatal infantes and 
three of ten premature new-born infanta. The positive 
reactions of the neonatal infants appeared similar to 
those elicited in the older infanta, but were 
leas intense. There waa no detectable relationship 
between the weight of the premature neonatal infant 
ae ee ee This is strikingly 
illustrated by one of the smallest infants in the experi- 
ment, who weighed 1,080 gm. at birth (indicating a 
gestation period of approximately 80 weeks) and yet 
showed a contact reaction at age three weeks. More- 
over, the neonatal infants of normal weight did not 
eppo to become sensitized any more readily than 

id the premature new-born infants. 

Punch biopsy of a representative contact reaction 
at 48 hr. was performed in a premature infant. . Histo- 
logical exammation of serial sections revealed an 


accumulation of lymphocytes and histiocytes in the 
dermis with invasion of the epidermis and resultant 





Contact tention ak nee Ins prematare neonatal infant, 
Mises weak of age. HiscaSaxyhh and soni. (X 200) 
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loss of the basement membrane (see Fig. 1). Micro- 
seen in the epidermis. The histology is consistent with 
that seen in contact dermatitis in the adult*. Patch 
testing 2—6 weeks after birth of unsensitized neonatals 
(six premature and six full-term) gave negative resulta. 
Punch biopsy with histological examination of a patch 
test area at 48 hr. in an unsensitixed premature 
neonatal, aged three weeks, also failed to show an 
inflammatory reaction. 

Our findings show the following 
to previous worl? on antibody formation in new-born’ 
infants‘: 
body formation can both be induced in ture 
infanta during the first month of life; (b) new-born 
infanta are inconsistent in their capacity jo develop 
these two types of immune response; (o) ture 
infanta become sensitized and form anti as 
efficiently as normal new-born infanta. 

This work suggests that the older human fœtus 
might be capable of an immune response if an appro- 
priate antigenic stimulation could be administered in 
paki The e en ibility is not excluded, however, that 

the placenta is an essential step 
in ral ates anaE of the immune mechanism. 

We thank Dr. Philip Prose, of the Department of 
Pathology, for his assistance in the proceasing and 
interpretation of the akin biopsies. 

This work was aided by grants from the Association 
for the Aid of Crippled Children, the National Institutes 
of Health (Æ 1821 (O-2)) and the Commission on 
Immunization of the Armed Forces Epidemiological 
Board. 

JowaTHan W. UAR 
Jossru Danas 
CHABLOTTA GRANTZ NEUMANN 


New York University School of Medicine, 
and Bellevue Hospital, 
New York. 
1 Uhr, J. W., Nature, 187, 057 (1060). 
* Straus, H. W., J Allergy, 2, 187 (1681). 
3 Allen, A. O., m “The Bkm”, 204 (0. V. Mosby Oo, 8t. Louis, 1054). 
4 Dancis, J.; Osborn, J.J, and Kimx, H. W., Pediatrics, 12, 151 (1953). 


The Polychæte Family Longosomidae In 
New Zealand 
Ix 10944 Hartman! described a new polyahæte 


Gelina lato, bo catalinensis from off Long Point, 
Island, southern California, foundmg a new 


family'sthe Longosomidae, to contain it. The original 


tion was based on a single specimen, but after- 
wards in 1957 she reported 34 from three 


` stations off southern California in depths of 7-45 


. 


fathoms. A to Hartman! the ies may have 
ita affinities with the Paraonidae; Dartha posesion of 
long, i grooved palpi, resembling those of 
spioniform annelids, allies it to the disomid and 
magelonid families. 

The genus and family have fiot been recorded to 
date from other than the original locality, hence it was 
of greet interest to obtain specimens of a poly- 
cheste, which at first were theught to be specifically 
identioal with L. catalinensis, from’ such a distant 
locality as Hawke’s Bay, New Zealand. The New 
Zealand specimens, numbering 27, were obtained 
in August 1956 from twelve stations, in tha of 
8-64 fathoms, by Dr. D. Hurley of the New 
Oceanographic itute, and I am indebted to him 
for the opportunity to report on this interesting 


similarities.. 
(a) delayed-type hypetsensitivity and anti- . 
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discovery. On a recent visit to California, the New 
Zealand specimens were compared with the type of 
L. catalinensis and Dr. Hartman agrees that the 
differences justify the founding for them of a new 
species of the genus Longosoma. As in L. catalensis 
they have the body divided into an anterior region of 
nine short setigerous segments and an abdomen with 
greatly prolonged cylindrical segmenta, the abdominal 


podia consisting of with double rows of 


para: 
simple sete. The New species differs in its 


larger size, the largest posteriorly incomplete specimen 
of L. catalinensts with four abdominal segments 
measuring 25 mm., whereas a comparable specimen 
of the former measures 55 mm. They are also much 
more robust, with the thorax measurmg up to 3 mm. 
across, dnd with the thoracic sete heavier and more 
numerous. The proportionate length of the abdommal 
segments also differ, but the greatest difference is to 
be seen in the t of the abdominal para- 
In L. catalinensis the abdominal parapodia are 
ow ridges encircling two-thirds to three-quarters of 
the body &nd leaving the ventrum plain, while in the 
New Zealand species the ridges are much more pro- 
minent and completely encircle the body. A full 
description of the species will be published separately. 
It is of mterest to note that Hartman records her 
specimens from similar depths m very fine sand and 
silt and in temperatures of about 14:9° O. The bottom 
sediments from the stations where the New Zealand 
specimens were obtained are recorded as ranging from 
fine grey sands to fine sandy muds with bottom tem- 
peratures in the region of 18-0-18-3° O. According 
to Hartman, L. catalinensis is associated with other 
polychmtes, a maldanid, Aziothela rubrooinota 
(Jobnaon) and a nephthyid Nephthys ferrunginea 
Hartman, and a cumacean, probably Phastylopsis 
tenuis Zimmer. Some thirty-six species of polyohætes 
have been recorded from Hawke’s Bay in association 
with among the dominant being a neph- . 
thyid, A verrilli (McIntosh), and two species 
of maldanids of the genus Asychis. Other domimants 
include the cumaceans Diastylopsts elongata Calman 
and D. crassior Calman (belonging to the same genus 
as the cumacean associated with L. oatalinsts), the 
holothurian Oucumaria oconoides (Dendy), ophiuroids 
of the genus Amphiura and the bivalves Dosima 
lambata (Gould) and Maorimacta ordinaria (Smith). 
The present recorded distribution of the fatmly 
Longosomidse, southern California and northern New 
Zealand, represgnta a very disjunct distribution. In 
both localities the representatives of the family are 
not uncommon, and it is therefore surprising that it 
has not been recorded elsewhere. Additional distribu- 
tions will, however, probably be recorded when similar 
shallow bottom areas of the Pacific basin are studied 
in detail, as has been done for the areas off southern 
California and Hawke's Bay, New Zealand. It is of 
interest that similar techniques were used in processing 
the bottom samples from the two regions. A similar 
disjunct distribution is recorded for the species of the 
echiuroid Urechis, which has been recorded from 
southern ornia, southern Chile, New Zealand, and 
Japan), 
Department of Zoology, 
University of i 
Christchurch 
New Zealand. 
1 Hartman, O., Rep. Allan Hancock Paafio Exped., 10, 321 (1044). 
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Mouth and Blastopore 


By the Haeckelian view of early development, gas- 
trulation by invagination reflects the evolutionary 
history of primitive Metazoa. It is a corollary of this 
theory that tion by ingreasion is a derived 
form of emboly. Nevertheless ingreasion, the method 
of endoderm formation among the lower onidariana, 
is probably the more primitive mode of gastrulation, 
as observed by Metachnikoff!: *, Hyman?‘ and others. 
The diploblastic level of organization robably arose m 
early Metazoa by a process eee sere ling ingression, 
or some other type of delamination, giving rise to solid 

lanula-like forms. It is therefore probable that invag- 
mation is merely a developmental fexpedient, which 
has arisen secondarily and independently in the more 
advanced Cnidaria and other metazoan groups. 

The blastopore results from invagination, narrowing 
as gastrulation progresses. In keeping with Hasokel’s 
interpretation, it is generally thought to represent the 
primitive mouth. It may nevertheless be merely a 
product of the mechanics of development, without 
especial phylogenetic significance. The Cnidaria in 
which gastrulation occurs by ingreasion, while possess- 
ing a mouth and colenteron, have no blastopore or 
archenteron during development. It appears fram the 
embryology of these oœlenterates that mouth and 

blastopore were independently acquired in early 
Metazoa. Furthermore, a mouth may have formed 
before the origination of embolio gastrulation and a 
blastopore. Following the evolution of embolic gas- 
trulation, the blastopore preceded the mouth in 
embryonic development, for it relates to the funda- 
mental process of germ-layer formation. Similarly, it 
appears that enteron and archenteron were inde- 
pendently evolved. Terms such as protostoma, 
Protostomia and archenteron are therefore strictly 
inapt. 

The mouth in some non-colomate animals and 
Protostomia does not coincide with the blastopore or 
ita point of closure. Also, in many higher owlenterates, 
non-ccelomate groups and Protostomia the b 
does not pérsist as a mouth, but closes before the mouth 
forms. This poesibly signifles the evolutionary inde- 
pendenoe of the two structures. 

It is generally agreed that the embryonic axis oor- 
responds with the polar axis of ancient Metazoa, the 
animal pole representing the primitive perceptive 
anf dominant regian, directed forward in locomotion. 
Bfologista who the ingression theory, but 
identify the blastopore with the primitive mouth, 
believe that the mouth arose at the more inert end na 
solid, diploblastic ancestral metazoan. This entails 
the puzzling hap a ea of a structure for the selection 
and ingestion of food separated from the dominant, 
sensitive region of the body. It seams more probable 
that prs iya mouth originally occupied an antero- 


A a the mouth typically forms at the 
ergy end of the swimming larva, in the blastoporal 
region when gastrulation is by emboly, and does not 
change position during development. ‘This may bea 
special feature correlated with the sessile habit of 
the polyp. 

Typically, in cases of gastrulation by invagination, 
the gastrula presents two centres of high metabolic 
activity of different kinds: the animal pole, corre- 

with tho controlling and péroeptive region of 
original Metazoa and larval forms; and the blastopore, 
a zone of rapid cell division, and a focus ee 
mental activity and organization. Among the 
tostomia, the mouth arises in the blastoporal field, 
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later to occupy am antero-ventral position. 
The mouth thus develops in a region of high formative 
activity, and may form from the blastopore, a ready- 
made . This may be merely a developmental 
convenience. (By a similar short cut in development, 
in some Protostomia and Deuterostomia a persistent 
blastopore forms the anal opening.) In the embryonic 
development of many annelids, the blastopore 
elongates and constricta into two. One of the apertures 
so formed, the mouth, separates to ita definitive ventral 
anterior position. The second aperture, remaining at 
the vegetal pole, soon closes. The ‘anus later arises 
at this point. The division of the blastopore has been 
interpreted as separation of the mouth from a transitory 
anal pore. It more probably represents diasociation 
of the moyth from the blastopore. 

Among the Deuterostomia, the mouth typically 
originates at an antero-ventral point. This is believed 
to indicate that the mouth has evolved anew and 
assumed the function of the primitive mouth, homo- 
logous with the blastopore. Jt is more probable that 
the mouth in the Deuterostomia occupies the original 
position, and the a at no time functioned as 
mouth. 

Joan B. WOLLMS 
London School of Hygiene 
and Tropical Medicine, 
Keppel Street, London, W.0.1. 
May 11. 

1 Motechnikoff, E, S. Wiss. Tool., 36 (1882). 

* Motsobhnikoff, H., ‘“HEmbryologiseho Stadien an Modusen” (1887). 

* Hyman, L. HL, ‘The Int ertebrates’’, i “Protozoa through Oteno- 

Phora” (New York and London, 1940) 
4 Hyman, L. H, Biol. Symposia, 8, 1 (1042) 


Softening Chitin for Histology 

Tus chitinous integument of many invertebrates 
consists not of chitin alone but also i 
much structural protein. In the more highly aclero- 
tinized arthropod shells, indeed, this may far exceed 
the true chitin. The methods frequently used for 

ing ‘chitin’ for histological purposes make use 
of this fact, and none of them actually alters the 
chitin ‘itself, acting instead on the protein moiety 
of the integument. ‘Diaphanol’, for example, the most 
widely used agent for softening ‘chitin’, acta by 

ing benzene rings in the sromatic amino-acid 
residues of the proteins!. Inevitably such an action 
is accompanied by extensive damage to the tiasues 
of the i for not only is the protein of the 
skeleton idigested but also the proteins of the"issude 
which we wish to examine. The use of diaphanol, or 
of other agents which digest the protein moiety of 
the chitmous integument, is therefore incompatible ` 
with precise histological or cytological investigation. 
If the integument consists mainly of structural pro- 
tein, then we have po way out of the dilemma except 
to dissect the tissues free from all traces of the 
offending shell. If, however, as in the leas-sclerotin- 
ized shells, it consiste chiefly of true chitin, then it is 
possible to attack the chitin ensymiocally, leaving the 
tissues untouched. 

Possibly the best soyroe “of a saga chitinase is 
the unripe puff-bell, Lycoperdon spp. Tracey 
advocates this source of the enzyme Tor biochemical 
analysis. He suggests that the puff-balls should be 
torn up,and pressed to yield a juice which, when 
buffered’ at pHs with acetate buffer, will readily* 
digest chitin. This juice may be stored for a year or 
more in a pefrigerator under toluene. I have used 
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this extract for softeniag chitm for histological 
purposes, but it contains also a number of other 
enzymes which damage the tissues that are under 
examination. Moreover, puff-bels are not readily 
obtamable. The common mushroom of commerce 
also contains large amounts of chitinase, and may be 
obtained at any time of year. The extraction out- 
lined below may be applied to either mushrooms 
or to puff-balls, and yields a liquid which will keep 
pide lacie morh io Me A DRST ea a mAy 
free from other enzymes that might detract from 

its histological us#fulness. 

100 gm. mushrooms are roughly tom up and 
steeped overnight in 100 mL 35 per cent w/v sodium 
chloride solution. The chitmase is soluble m this 
saline, while most of the other enzymes are galted out 
and are present in the reaidue which is centrifuged 
off. This stock solition may be kept in the refrigerator 
without the addition of any as the salt 


- concentration. is above the limit for bacterial or 


fungal growth. For use it is diluted to an appropriate 
salt concentration either with acetate buffer at pH ð 
or more simply with distilled water, relying on the 


- atmospheric carbon dioxide to produce approxi- 


the correct pH. For marine. organisms a 
dilntion of 1: 10 seems appropriate, giving a solution 


. nearly isotonic with sea water. The fixed specimens 


` ere washed well with running tap-water overnight 


` 


to remove the last traces of the fixative, which might 
inactivate the enzyme. They are then mcubated with 
the diluted ensyme preparation for 12-24 hr. at 37°. 
A bile. talasna. thay Ye added 1o prorenb bacterial 
action, particularly if the chitin is thick and it is 
desired to continue incubation for a longer period. 
After incubation the specimens may be prepared for 
sectioning in the usnal way. This technique has 
Proved suoceasful with the copepod Calanus, the 
prawn Palaemon and the insect Locusta. It is useless 
with heavily solerotinized integumenta, which have a 


high protein content and low chitin content. 


D. B. Carries 
The ; 
Citadel ‘Hill, 
Plymonth. 
\ Konnaugh, J., Heures, 180, nie alle 
W V. in Pagoh, E. and = Modern Mothods 
a t Anelyaix”, $ enee Verse, Boni, 1088 


An Improved Feed for Experimental Fisht 


e 

. Ir is well known that minced liver is an excellent 
food for brown trout (S. trutta) kept under hatchery 
oapditions or under experimental oonditiona in 
aquaria'. In aquaria with a low water-flow the 
emimoed liver very quickly fouls the water. It has been 
found thet if the liver is mixed with gelatine this 
diffloulty oan be avoided. As many workers now use 
thee fish ag ental animals, it is felt that it 
would be useful to publish this fapt. 

The minced liver, previously salted with 5 gm. of 
salt per pound of liver, is mixed with 120 0.0. of a 
33 per cent solution of gelakine. The whole is allowed 
to set and then reminoed befor® feeding. 


D. R. Swirr 
Freshwater Biological Association, 
ë The Ferry House, e 
Ambleside, Westmorland. 
12 Brown, M. E., J. Exp. Diol., 88, 478 (1951). 
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Survival of Woody Plants at Extremely Low 
Temperatures 


THER are a number of things that should be pointed 
out in connexion with the communication by A. Sakai'. 
Various kinds of plant material have been cooled to 
these temperatures and even lower, yet they have 
survived*+. My own work® revealed that leaves of 
Pinus strobus could be cooled to —90° C. in winter 
without apparent damage, and it was later shown that 
leaves of this same could be cooled to — 189° C. 


. without damage as Indicated by the tetrazolium test 


made several days after treatmentf’. Recently I 
have cooled buds of various deciduous trees to — 80° O. 
at the rate of cooling and warming indicated in Table 1, 
and although some survived, others did not. 


Table L Comp Reswraxce* oF Tame FOLnASE or DEG. O. ar Nuw 
Haven , OO;MUSCTICUT, IW JANUARY 


Rate of cooling about 4° O. change per hr. ; about 8° O 
change per hr. I cg Der bE i o kag ebruary 
Piani Origin Besistanos* 
Abis paniemaimsist Costa Rica —6 
Cupressus busttanicat Coste Bios —10 
Pr zomerie joponiss Japan —20 
Northem Fiorida \ —25 
prelfers J i 
Tomis bacoais onknown —4«@ 
Senlgows sev Beanford, Goan a 
Picea eccelsa Soag —58 
Trupa canadensis ks =e 
Pinus New Hayen, Comm. >—180 


* The lowest temperature which the leaves could withstand without 
t 1 to 6 years old. 


I thus feel that Sakai’s findings are generally in 
accord. with my own and those of others. On the other 
hand, one gains the impreasion from Sakai’s communi- 
cation that if a plant oan be cooled to — 80° Ô. without 
damage it can be cooled on down far below this without 
any damage. Yet the winter resistance of several 
conifers can range all the way from a few degrees 
below freexing to below — 189° O. (Table 1). But the 
rates of ing and ing are most important in 
such work and should not be 

Finally, it should be understood that nearly any 
criterion of life or death can be at fault if not used in 
the correct way. Several days after the treatment is 
made, the tissue may die while controls survive. This 
error is particularly involved in plaamolysis tests whieh 
indicate the imtectmess of the outer vacuolar men, 
ee eee ee 
not been inj Judging by the tetrazolium test, 
enzymes may become leas active over a period of time 
and finally show no activity, while untreated cells 
oontinue to reduce tetrazolium salts. The more severe 
the mjury the more rapidly this change comes about 
after warming. In our experiments the time-lag effect 
in dying is a serious source of error in cold-treated 
leaves. Some leaves which survived in a moist chamber 
at 22° C. for two weeks died in the third week, while 
controls survived for at least three months. 


JOHNSON PARKER 
Greeley Mamorial Laboratory, 
Yale University School of Forestry, 
New Haven, Connecticut. 


1 Sakai, A., Features, |83, 208 (1060). 
3 Luyot, B. J., Same Cong. Int. de Bot., See. 11 and 12, 259 (1084). 


2 Beoquerel, P., Sues Cong. Int. de Bot., Beo, 11 and 12, 200 (1984). 
4 Bun, O. N., Bot. Ges., 119, 230 (1988). 

* Parker, J., For. Sei., 5, 56 (1000). 

* Parker, J., Ninth Int. Bot. Congress, 2, £06 (1959). 
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Park, J., Bet. Gaz., 181, 46 (1050). 
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Jmus! has also. claimed that the ability to plas- 
molyse in onion cells is not a reliable Index to their 
viability, because he observed some abnormal cells in 
which vacuoles were normally stained by neutral red 
solution and tonoplasts still retained thair permo- 
ability, oer Sa cytoplasmic layers torn outside the 
tonoplaste. a previous report’ I stated that such 
abnormal cella have not yet been observed during 
several years study in the parenchyma cells of the 
cortex in woody plants, but some parenchyma cells 
are found in which the ectoplasta still retain their 
semi-permesbility though their tonoplasta are torn and 
their cytoplasm» layers are mixed with vacuolar con- 
tent (see 1,2 ref. 2) However, such abnormal cells 
are easily distinguishable from the normal by their 
appearance. Thus, in the parenchyma cells in twigs 
of woody planta, unlike the case of onion celle, it may 
be possible to determine the relative degree of viability 
in parenchyma cells, upon the basis of both their vital 
pistcing pit AIAI FEA palukion Aird HA eproseans 
of plasmolysed cells, at least in one and the same series 
of ta. However, judging? of the intactness 
of twig as a whole cannot be made only on the basis of 
test in 


twig as,a whole, it was lanted in moist said and its 
capacity tested to continue normal’ development at 
least for three months after planting, as mentioned m 
my reportat, Even in the tetrazolnmm® test used by 
Parker, it may be said that judging the intactness in 
plants means only determination of a relative value of 
vigbility of certain tissues in twig or leaf without 
ee ee nee 


se eee peed oe Stain salen aes (and ref. 4)it 
was stated that almost all the easily freesable water in a 
cell may be drawn from the cell interior by extracellular 
freezing at about — 30° O., and that the cells and tissues 
in this sfate are not injured even when immersed 
in liquid nitrogen, provided they oan suff- 
ciently withstand such pre- at —80° O. More- 
over, it was reported that-below this temperature the 
intensity of cold seams not to exert any important 
effect upon woody plants, at least as long as the intense 
oqjd does not extend over a long period. Against this 
vjew, Parker has pointed out that one gains the 
impreasion from my article that if & plant can be 
cooled to —80°.0. without damage, ‘it oan be cooled 
down far below this without any damage. As a result 
of Parker’s experiment the winter resistance of several 
conifers could range all the uo ee eee 
bas Al acannon 
-freezing method, to cool ‘plant material 
. does not mean that the ture of the 
Laren are reaches — 30° O., but that its material 
pica at leas as ts of Slee k —80° C. 
and the state in which almost all the easily freezable 
water in a cell is drawn from the ocell interior. To 
a ce eo eee 
fori large material as a twig, I pre-froze it 
16 0 he, aie in all cases as mentioned in 
5, In the cooling method used 
ty Bae when a certain temperature-level was 
reached in the flask containing a abodt from branch, 
the flask was removed from the chilling apparatus, 
then rewarmed. In such cooling method, even if plant 
material is cooled to —380° O., it is doubtful whether 


almost all the freezable water in the cell interior can’ 
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be drawn out or not within such short period of 
The grade of frotresistanto of a woody plant diffara 
Ge Ges oF Re Ta hloh i is ered Ir 
the © of frost-resistance is represented by the 
lowest temperature at which the twigs are able to 
survive freezing for an hour, especially when the 
cooling-rate in a temperature- below —30° C. is 
fairly great diferenoee in bi C./fhr., there can be found 


at which the twigs are able to survive 
full day, there is found, in many cases, 
difference in the grade of frost resistance between the 
material treated ab —80° O. and that at —70° C. (ref. 
7). It may be said, therefore, that the discrepancy’ 

our two points of view ia due mainly to the 
difference in the manner of representation of the grade 
af frost resistance. However, to olarify this problem, 
it seems to continue further work in many 
woody planta. 


for a 
any 


> AXIRA SAKAT 


B, 17, 21 (1060). 
13, 48 (1055). 
1e 17 (1966). 


Pennisetum typholdeum 


POLLEN, of grasses is notoriously difficult to culture, 
and even in Nature fertilisation usually fails if pollen 
is not transferred directly from the anthers to the 
Several previous attempta to germinate 
the pollen grains of the Gramineae have been un- 
successful!*. In this attempts were made 
to germinate pollen grams of Pennischwn iyphoideum 
(varieties T.25 and T.55, I.0.1472), Zea mays (T.41 
var. Kanpur) and several varieties of Hordeum 
vulgare, Sorghum vulgare and Tritioum aesticoum by 
the hanging-drop technique (for details of ique 
Best germination was o 


„Pennisetum typhoideum, while in the remaining planta 


pollen tubes longer than 600, could not be obtained 
even after the addition of hormones, vitamins, mineral 


Se ee ET 
tubes attain a length of 2,182, (Fig. 1). With the 
addition of 0-01 per cent borio acid best growth ia 
cent gucrose. In this medium 

and the pollen 
length of 4,820u (Fig. 1). Pollen grains 
of the variety T.55, I.0.1472 require lower consentra- 
tions of sugar: spas op Pearse rita tio 
40 eent germination and the are $16 
Hive also the of germination is improved 
on the addition of 0-01 per cant boric acid, and 

° 
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increases to 76 per cent while the tubes elongate to 
8,125u. The pollen tubes exhibit typical sigmoid 
growth curves (Figs. 3 and 4). 

Among the various sugars tested, sucrose proved 
to be the best. In dextrose (with 0-015 per cent 
boric acid) the percentage of germination is 82, a 
figure higher than that in sucrose, but the length of 
the tubes is only 2,160p. 


m~, The effect of borio acid is well marked in both the 


» 


varieties (Fig. 2). In the pollen of 7.55, I.0.1472, a 

ion of 0:016 per oent borio acid with 
12-5 per cent sucrose gives the best resulte (78 per 
omb germination and 8,216u pee ator tabe). 
‘Etigher concentrations prove torio, 0-02 per cent 
. boric acid brings down the germination to less than 


anai T E ee Similarły, 


the variety T.25, a cqnoentration of 0-015 per 
aait borin aid Wik AO per Geel miaroso given 8 
per cent germination and 3,636- long tubes. Here 
satisfactory germination occurs with even 0-02 per 
cent boric acid, but concentrations higher than this 
cause a marked inhibition of germination as well as 
tube growth. 

The pollen tubes grow very’ rapidly, show a high 
rate of 
of about 4, 
viro. Gils tees derea Gate a a a 
and m abnormal cases branching tubes were also 
recorded. Swelling of the pollen-tube tips and other 
morphological abnormalities are observed, at higher 
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temperatures and in ia dace concentrations of 
sucrose and borio soi 

To the best of my knowledge, this is the first report 
of a successful germination of the pollen of Grammeae 
tn vitro. The of pollen tube obtained here 
(4,820) is similar to that required to affect fertiliza- 
tion in Nature. The present work once again proves 
the vital and useful bere pay T Dy poron in pollen 
germination, and pollen tube gro 

L am pateni iY Prol P. Maheshwari and Dr. 
B. M. Johri for advice and encouragement. 


* I. K. Vaso 


1 Anthony, 8., and Harlan, H. V., J. Agrio, Ree., 18, 525 (1920). 
N B. and Takano, T., ommi Papers, Thirilath, Antre, M. 


' Bair, R. A., and Loomis, W. H, Soismce, 94, 168 (1041). 
Lon; Tai ai Era Tu Amer. J. Bei., 31, 356 (1044). 


), 261 (1085). ` 
* Visser, T., Meded. LandbHoogeseh., Wageningen, bë, 1 (1055). 
1 Vasil, L K., Amer. J. Bot, 47, 289 (1000). 


Toxicity of Gibberellin to Seedless and 
Seeded, Varieties of Vitis vinifera 


ErrmmmENTS in 1957 at the University of Cali- 
fornia showed that gibberellic acid 
referred to as gibberellin) affected set of fruit, berry 
size, elongation of cluster parta, fruit composition, 
and vegetative growth of grapes!*. In the spring of 
1958 delayed foliation and dead buds were noted on 
certain seeded varieties that had received high 
concentrations in 1957. Observations were therefore 
continued for two more seasons to determine the 
damage and to see whether production would return 
to normal. 

The five seeded varieties, being similar in response, 
are represented here by Red various vines 
of which were sprayed in 1957 with gibberellin at ane 
of three stages (pre-bloom, full-bloom, and after berry 
shatter). Shoots and clusters were nme sane a 
of 1958 and 1959, and crop weights were in 
September or October. Binoo the resulta were 
eewentially alike, regardless of spray date, only the 
fall-bloom spraying is represented here (Table ¥. 
Gibberellin applied in 1957 decreased the shoot and 
cluster count in 1958 on vines that received 25 p.p.m., 
and significantly decreased crop weight on vines that 
received 6 or 25 p.pm. By 1959, however, recovery 
was complete. .A good yield in 1959 on vines that 
received 25 p.p.m. in 1957 was probably a result of the 
low crop m 1958. Thus, injured vines had recovered 
within two seasons. 

The seedless varieties used were Thompson Seedless 
(Sultanina) and Black Oorimth. On June 10, 1957 


Table 1. Rro: 
TIONS OF 


OF Rap MiLAGi GRAPMS to VARIOUS OOKOMFTRA- 
SPRAYS AFFLIED OW JUNE 4, 1957 
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(after berry shatter), Thompson Seedless vines, four 
per treatment, were sprayed with gibberellin at 
0, 5, 20, or 50 p.p.m. The same vines were similarly 

sprayed in 1058 and 1959 at the same physiological 
stage of development. Table 2 shows the harvest 
resulta for 1957 and 1959. Gibberellm at 20 and 
50 p.p.m. produced greatly enlarged berries in 1958 
but had much leas effect in 1959, probably because the 
crop was unusually heavy. The percentage of total 
soluble solids (degrees Balling) in 1959 was typical of 
other years. This experiment shows that gibberellin 
is non-toxic to Thompson Seedlees grapes. 


Tablo 2. Ruspowss oy THOMPsOR SHEDLISS GRAPES TO VARIOUS 
OONCEWTERATIONS OF GIBBERELLIN SPRAYS APPLDED Ix June 1057 

















One Thompson Beedlesas and one Black Corinth 
vine, sprayed after flowering in two consecutive 
years, showed no visible injury from 1,000 p.p.m. 
and 100 p.p.m, respectively. Thus, high concen- 
trations are non-toxic to the seedless varieties 
although far lower concentrations are highly toxic 
to the seeded varieties atudied. A generalization must 
await testa with more varieties. 

The difference between seeded and seedless grapes 
in sensitivity to ates re eee relates to 

irdling shortly after 


little effect on seeded varieties*. » In con- 
trast, ordinarily increases berry size in seeded grapes 
but not much in seedless grapes‘. Gibberellin increases 
aixe of seedless fruit, but has little or no effect on 
seeded grapes. It is i i therefore, that 
natural gibberellins have been found in seedless, but 
not in seeded, varieties*. 

This work was supported in part by gtants from 
Merck and Co., Ino., Rahway, New Jersey, and from 
Abbott Laboratories, North Chicago, Ilinois. 


g s ROoBrBT J. WEAVER 


» 
Department of Viticulture and Enology, 
University of California, 
Davis, California. 


1 Weaver, B. J., The Blue Anhor, H, 10 (1957). 

1t Weaver R. J., and MoOune, 8. B., Hilpardia, 96, 297 (1050). 

s Jacob, H. H., Untv. Calif. Agrio. Ext. Serv. Oro. 56 (1081). 
‘Winkler, A. J., Untv. Oaltf. Agrio, xp. Sta. Bull. 510 (1081). 
*Ooombe, B. G , Ph.D. thems, Untversity of Caltfornia (Devi) (1059) 


' ENTOMOLOGY 
Breeding of the Rabbit Flea, S Hopsyllius 
cuniculi (Dale) : Requirement of a ‘Factor’ 


from a Pregnant Rabbit for Ovarian 
Maturation 


A BTUDY of the biology of the Extropean rabbit-flea 
(Spilopayllus ouniouls) was ooromenced by this depart- 
ment when it became apparent that it was an impor- 
tant vector of myxomatosia in Great Britain. A 
technique for the laboratory culture of the flea was 
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required, but was not rapkily forthooming. It was 
repeatedly found that fleas released on domestic or 
wild rabbits t in various typea of hutches failed to 
produce eggs. However, Miriam Rothachild! reported 
that the flea bred when rabbits were kept under semi- 
natural conditions in an outdoor enclosure, and with 
her encouragement a study was made of ovarian 
development in the flea (Mead-Briggs, A. R., unpub- 
lished work). , 
Recently we found that if the fleas were placed on 
pregnant does the ovaries of the fleas matured and , 
eggs were laid in the nest shortly aft€r the young were 
born, whereas the ovaries of fleas kept on non- 
pregnant rabbita did not develop. In one experiment 
to follow the maturation of the ovaries to ovu- 
lation, thirty-five female and twenty-five male 
fleas were released on each of four rabbita 


virgin 
` housed in similar two-compartment hutches, one 


compartment being dark for nesting. The rabbits 
were: (1) & non-pregnant adult doe; (2) a doe 
pregnant 1-2 days; (3) a doe pregnant 11 days; 
(4) a doe pregnant 20 days. Samples of three female 
fleas were removed periodically (after a minimum of 
10 days on the rabbits), and the reproductive systems 
dissected out. The degree of development of the 
ovaries was assessed by measurement of the length 
of the proximal oocyte follicle in one of the ovarioles. 
(In one individual there is little variation in this 
dimension between the several ovarioles until shortly 
before ovulation ; then the final stage of egg matura- 
tion and su t ovulation occurs in only half the 
ovarioles at a time (Mead-Briggs, A. R., unpublished 
work).) 

The results for fleas from rabbits 1 and 2 are shown 
in Fig. 1, each point being a mean obtained from the 
measurement of three dissected specimens. The 
absence of change in size (from that of immaturity) 
of the first oocyte follicle of the fleas kept for up to 
28 days on the non-pregnant rabbit is contrasted with 
the increase occurring among fleas fed on the pregnant 
rabbit. 

The rate and period of growth of the ovaries of the 
fleas fed on the three pregnant rabbits is indicated in 
Fig. 2. Maximum development is reached at the 
time of parturition when the fleas immediately leave 
the adult and are to be found only in the nest or on 
the nestlings. Development of the ovaries appears to 
commence about 10 days prior to parturition although 
the size of the eggs produced may be influenced by 
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egg laying had relatively amall eggs (although they 
oan es ee 
19 and 29 days (rabbits 8 and 2 respectively). — 

At present the nature of the faotor 

ovarian Jovlopment of tho Bena fod om prognan dow 
is uncertain. Various controls have precluded it 
bing Antai 60 nest Ballata habits by the iser ini 
rabbits. A likely hypothesis is that it is factor, 
present only in the blood of a 


numbers and only after an unusual aa 
suggested this might result from the lack of mammal- 
ian sex hormones normally obtained in the blood of 
adult mice. . 

Wigglesworth? has shown that in a number of 
blood-sucking arthropods a small amount of hemo- 
globin is absorbed into the hmmolymph without 

and some of this hæmoglobin is transferred 

with little change to the yolk of the developing eggs. 
He concluded that some of the normal protem 
constituents of egg yolk may perhaps be formed 
elbow. in the insect body and transmitted 
Local r grs farina parea ART 
This could be the cese in fleas which have 
panoistio ovarioles lacking any trophic tissue 
‘other than the follicle epithelum. While flea eggs 
do not contain any pigmented hemoglobin deriva- 
tives, variation in the serum proteins of the host could 
be important. Hence, in the present case, it may be 
significant that Brambell @ al found marked 
differences between the sera of non-pregnant, adult 
rabbits and rabbits 25 days pregnant, both in respect 


Se de ee A E E 
maturation, but failures to breed a few species of flea 
in captivity may indicate others have similar 

monta. ho meet important rel oF thia mda 
which perfect synchronization betwen 
Sa E 
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by the host is that the eggs are immedistely ready to 
be laid in a microclimate ideal for further development 
provided by the rabbits’ breeding nest. 


A. R. Maap-Briecs 
A. J. B. Rupas 


Ministry of Agriculture, Fisheries and Food, 
Infestati 


Experimental Breeding of Anopheles 
gambiae Giles in Papyrus Swamps 


Ix Uganda, Anopheles gambias Giles does not breed 
in the mterior of swamps, in their natural, 
undisturbed state. But a considerable amount of 
breeding may oocur at the periphery, outaide the 

zone, pee in hoof-printa, cattle- 

drinking place, Sse ane natural pools'. Also, 

been drained and the 

ana for cultivating wach arope aa Colocasia, 

larve may be found in the ahallow, sunlit pools 

between cultivation-mounds. On the whole, the 
swamps are not a potent source of malaria”. 

The composition and nature of the breeding water 
have a twofold influence on the mi , affecting 
Baa ea in the water, but also the 

vid adult female looking for a place to Yeposit ite 
ao However, although it seems quite clear that 
the ecological distribution of larve in Nature is 


breeding place admits of two alternative inter- 
pretations: either (a) the females do not oviposis 
there at all; or (6)-they do rather indiscriminately 
and that larva will develop in certain typos of water 
and not in others, 


reported in this Se eih were made eto 
investigate alternative (b), that is, whether the 
abeence of A larvæ from the interior of 
papyrus swam , in Uganda, is because they cannot 
develop in su habitats. 

The observations were made in two papyrus 
swamps near Kampala. made of nylon gauze 


Cages 

or from iron drums were planted in the swamps. All 
predators were removed or prevented from entering 
the cages. This made the breeding conditions leas 
natural ; but it excludes the factor of predators from 
consideration of the results. Larvw of 4. gambtas, in 
ee S were then placed in 
swamp water, in cages, and all adults 
afterwards were recorded and removed. The cane 
of seven experiments are summarized in Table 1. 
Experiments 1 and 8 were made at the periphery of 
se eee eee Pee ees 5, just 
inside the papyrus sone; 4, 6 and 11, inside the 
swamp among ted] and under considerable 
shade ; and 10, inside the swamp, but in an exposed 
previously out 

Table 1 shows te thaw 04:7 per oat af ETIA 
gambiae larvw introduced into the papyrus swampe 
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Table 1. Rucovmry or ADULT 
. ` PLACED 


Anaphoies GILES FROM LARTA 
IK PAPYRUS 


WAMPS 


Days since larve 
were Placed m swamp 


No. and s in 
maai) oiie 





2l- 
30 
07 
50 
60 
50 
35 








Totals: Larve, 1,120; adults emerged, 70, that is, 6-3 per ont. 
(A.B. -In column 2, the numbers take 
; a, are to of all the reapect 


ve 


did not complete their development to the adult... 
stage. The detailed records indicate a very high ` 


mortality among the early stages. Generally, it 
would thus seam that the interior of papyrus swamps 
is extremely unfavourable for the development of 
A. gambias larvæ. Also, the duration of the farva—-adult 
period appeared to be considerably’ longer thazi one 
usually finds in: the favoured natural breeding 
places ; 

The water in papyrus swamps is characterized by 
a very high degree of organic pollution and by extreme 
deoxygenastion',*. It has been suggested that suitable 
larval food is absent from swamp waters’ and that 
the middle of the swamp does not provide breeding 
facilities for A. gambas, owing to the high doiros af 
organic pollution of the water which obtains theret. 


Several authors have directed attention to the absence - 


although Harvey 

It is also, known that A. 7 
considerable degree of animal pollution, but it is very’ 
sensitive to organic pollution ‘of vegetable origin’. 
Pollution in papyrus swampe is caused by decaying 


vegetation, and A. gambiae would thus be very’ 


sensitive to it. The view that an increase in’ the 
proportion of organic matter ‘in natural breeding- 


places slows down the development ‘of A. gambiae . 


larves!* is by the present observations. 
But, how far the predominantly anaerobic conditions 
of the kwamp waters affected the resulta of our 
observations is not very clear. Since the larve depend 
ormatmospheric air and.are not forcibly prevented 
feom periodically rising to the surface to breathe, 
lack of oxygen in the medium is not a i 
problem. But it can mfluence the length of time 
during which the larvew sre submerged and this 
seems to be ecologically important. Š 


L. K. H. Goma 


Nuffield Swamp Research Scheme, 
of Zoology, , 
Makerere University College, 
Kampala, 


Uganda. . 
1 Hopkins, G. H. E., N. Afr. Med. J., 17, 190 (104d), 
‘Goma, L. K. H., Bull. Bri. Rss., 01 (in the press). 
* Muihead-Thomeon, R. O., “Mosquito Behaviour” (Arnold, 1981). 
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Taxonomic Significance of Spermathecal 

Structure in Some Species of Tribollum 

ReocsNT examination of spermatheos in tanebrionid 
beetles associated with stored p has revealed 
that there are two distinct of structure which 


- are termed here the ‘tenebrio’ type and the ‘chamber’ 


type. Their basio plan and relationship to the rest 
of the female reproductive system are similar; but 
there are certain differences which, in regard to the 
genus Tribolium, are considered to be of some phylo- 
genotio signifloance.’ fn both types, duot of varying 
width and length, which terminates in the main 
sperm storage region, arises- from the common 
oviduct. In Tenebrio molior this duct is short and 
wide and ends in a group of convoluted, thin-walled 
tubes bond together by a tough membrane. Arising 
from their common base is a single, longer structure 
which may be ular, having large-celled walls 

and 4, restri "Iimen. Dissection of fertili 
females has shown that the. convoluted tubes carry 
sperm. In the chamber type, found in Gnathooerus, 
obis, x i and some Tribokum 
species, there is a similar duct which runs to a 
strongly chitini chamber in which motile sperma- 
toxoe are easily £ This is variously shaped 
and arising either from the end opposite the duct 
entrance or from the side is a more-or-leas elongate 
glandular region. In Palorus species this basio pattern 

is moUifled, associated with a muscular bursa. 

The genus Tribolium has been divided on, external 
morphological features into five species groupe, 
namely, brevicornis, , aloins, castonesum and 
with the following geo- 


Indo-Australia anid the Malay peninsula and East 
Indies i 1, The of five 
species from the oastancum and confusum groupe have 
recently been examined in some detail, and it was 
found that the structure in T. castaneum and madens 
(castaneurn group) closely resembled that of Tonsbrio 
whereas T. confusum, anaphe and destructor (confusum 
group) had'the more common chamber type of sperma- 
theca, In the former species the duct was very short, 
terminating in a number of | convoluted tubes 
invested in a tough, elastic . These tubes 
were found to contain spermatozoa. Connected to 
the common base of the tubes by a chitinixed collar 
was a short, glandular region. In the latter species 
the duct was again short and wide, but terminated ina 
junction, one arm of which entered a strongly ohitin- 
ized 8-ahaped chamber, while the other arm man into 
a glandular region which was long in anafhe and 
destructor but shorter in i 

the maintenance € 
castaneum (Indo-Austra-. 


Significance Sf the structurte desoribed here, must be 
considered. d 
Gorpox Sustams 


Pest Infestation Laboratory, 
Londén Road, Slough, Bucks. 2 te 


- 1 Panton, H. B, Bull. Eni, Res., 89, 13 (1048). 


*Loolereg, J., Bull. Mus. Hist, Anat. Belge, 94, 1 (1048)., 
e . ES, 
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